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NEWER  INVESTIGATIONS  OE  THE  PROBLEM  OE 
ROENTGEN- RAY  DOSAGE* 

BY    OTTO    GLASSER,    PH.D. 

BALTIMORE,    MARYLAND 


GRATEFUL  acknowledgment  Is  due 
your  society  for  this  opportunity  of 
presenting  the  results  of  the  investigations 
carried  out  with  my  honored  chief,  Prof. 
Friedrich,    of    Freiburg.     Lack    of    time 

Erevents  a  detailed  report  here  of  our  work, 
ut  I  would  like  to  call  your  attention  to 
our  article'  which  contains  the  complete 
results. 

Although  ten  years  have  passed  since 
the  appearance  of  the  classical  work  of 
Christen,-  on  the  problem  of  roentgen-ray 
dosage,  there  are  still  many  questions 
which  are  not  clearly  understood.  This 
uncertainty  attaches  not  only  to  the  work- 
ing out  of  practical  means  of  determining 
the  dosage,  but  also  exists  in  reference  to 
the  purely  mathematical  formulating  of  a 
dosage  law.  Since,  however,  the  question  of 
dosage  is  evermore  to  the  front.  Prof. 
Friedrich  and  I  have  decided  to  combine  a 
general  discussion  of  the  entire  problem 
with  the  report  of  our  investigations.  In 
these  investigations  there  has  been  main- 
tained a  sharp  distinction  between  the 
problems  of  absolute  dosage  and  of  relative 
(practical)  dosage.  The  solution  of  the 
problem  of  absolute  or  scientific  dosage, 
built  upon  the  knowledge  of  the  mechanism 
of  ray-effect,  should  lead  to  the  construc- 
tion of  an  ideal  dose-measuring  apparatus. 
A  modest  contribution  to  the  solution  of 
this  complicated  question  is  what  I  here 
propose  to  present  to  you.  In  the  next 
paper,    Prof.    Friedrich'   will  consider  the 

•Read  by  title  at  the  Twenty-third  Annual  Meeting  of  The 
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entire  problem  of  dosage.  There,  the  help 
of  the  most  modern  conceptions  of  physics 
is  utilized  to  illuminate  the  obscurity  of 
both  the  absolute  and  the  relative  dosage. 
For  measuring  ray-dosage,  Kroenig  and 
Friedrich*  developed  a  method  which  de- 
pends upon  ionization  measurements;  and 
this  led  to  the  construction  of  the  ionto- 
quantimeter.  From  a  study  of  the  absorp- 
tion and  ray  diminution,  they  concluded 
that  it  was  possible  to  construct  an 
ionization  chamber  out  of  electrodes  and 
gases  of  low  specific  gravity;  and  these 
apparatuses  sufficed  to  compare  measure- 
ments of  rays  of  different  wave-lengths. 
Their  conclusions  appeared  to  be  supported 
by  the  agreement  of  the  measurements 
obtained  with  little  ionization  chambers 
and  those  obtained  with  the  so-called 
wall-less  chamber,  which  latter  is  effected 
only  by  the  secondary  beta  rays  developed 
in  the  gas.  These  conclusions  have  now 
been  questioned  from  various  sources, 
especially  on  account  of  the  fact  that  the 
knowledge  of  the  scattering  of  roentgen 
rays  and  energy-relationships  of  the  sec- 
ondary beta  rays  has  been  greatly  increased. 
Investigations  showed  that  the  capacity 
of  the  wall-Iess  chamber  of  Friedrich  was 
too  small  for  the  comparison  of  the  range  of 
the  secondary  beta  rays  coming  from  the 
hard  roentgen  rays.  As  a  consequence,  the 
measured  electrical  effect  was  too  small 
for  the  hard,  as  compared  with  the  soft, 
rays.  As  early  as  19 14,  Duane'^  called  atten- 
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tion  to  the  fact  that  large  ionization 
chambers  must  be  used  to  measure  the 
whole  ionization  effect  of  the  secondary 
beta  rays.  But  ionization  chambers,  even 
of  the  size  recommended  by  Duane,  were 
not  large  enough  to  measure  the  effect 
when  using  the  short  wave-length  rays. 
This  fact  led  Holthusen"  to  the  construction 
of  very  large  ionization  chambers;  it  is  also 
Holthusen,  who,  through  a  series  of  note- 
worthy works,  showed  the  importance  of 
the  secondary  beta  rays  on  the  dosage 
measuring  apparatus.  In  the  Radiological 
Institute  of  the  University  of  Freiburg,  we 
had  already  begun  to  work  on  similar 
problems  before  the  appearance  of  Holt- 
nusen's  publications,  and  only  a  briel 
report  has  been  possible;  this  was  given  at 
the  "Deutsche  Roentgentagung"  of  1920 
in  Berlin. 

If  one  starts  with  the  hypothesis  that  the 
number  of  ions  produced  from  the  secon- 
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dary  beta  rays,  developed  from  the  roentgen 
rays  in  a  definite  radiated  volume,  is  a 
measure  of  biological  effect,  then  care  must 
be  taken  that  the  full  amount  of  these  ions 
be  measured.  Since  we,  in  our  investiga- 
tions, employed  roentgen  rays  correspond- 
ing „to  an  average  wave-length  of  about 
.16  AU  developed  from  a  tension  of  about 
200  kv.,  therefore,  an  ionization  chamber  of 
corresponding  magnitude  must  be  chosen. 
Since  the  range  of  the  beta  rays  expelled 
from  these  hard  roentgen  rays  is  more  than 
15  cm.,  only  a  large  chamber  can  measure 
the  full  electrical  effect  of  these  rays. 
The  construction  of  our  ionization  chamber 
met  these  requirements.  I  can  cmiIv  bricfl> 


describe  the  measuring  apparatus.  Figure 
I  shows  a  small  diagram  of  the  apparatus. 
F  is  the  large  zinc  wall  ionization  chamber 
and  K  the  small  horn  chamber  of  Kroenig 
and  Friedrich.  The  length  of  the  large 
chamber  is  35  cm.,  the  width  is  32  cm.  In 
the  center  of  the  large  ionization  chamber 
is  an  electrode  of  graphited  paper  in  the 
form  of  a  ring,  r,  which  arrangement 
is  favorable  for  the  electrical  field  distribu- 
tion. The  interior  electrode  of  the  horn 
chamber  is  a  graphite  pencil.  From  both 
electrodes  there  run  well-insulated  connec- 
tions over  the  switch  Sch  to  the  Wult 
electrometer  EI.  From  the  entire  roentgen- 
ray  bundle  from  the  tube  R,  two  small 
equal  bundles  are  separated  by  the  lead 
screens  B,  through  which  conveniently 
placed  holes  have  been  made.  One  bundle 
goes  to  the  larger  chamber  and  the  other 
to  the  smaller.  In  a  conveniently  arranged 
holder  on  the  lead  screen,  filters  of  various 
materials  and  thicknesses  can  be  brought 


Fig.  2. 

over  the  holes.  Figure  2  shows  the  arrange- 
ments of  the  two  chambers. 

All  parts  of  the  apparatus  are  electro- 
statically protected  and  grounded  in  the 
very  best  manner  possible;  against  adven- 
titious rays,  a  thick  lead  housing  is  put  over 
all  parts  of  the  apparatus.  The  tube  R  is  a 
Coolidge  tube  with  tungsten  target  oper- 
ated with  a  "Sanitas-Hartstrahl  Apparat." 
The  cathode  filament  is  heated  by  a 
storage  battery,  which,  with  a  constant 
regulated  primary  current  permits  ot 
perfectly  stable  conditions.  The  process  ot 
the  measuring  was  that  in  general  use. 
The  time  of  the  fall  of  the  quartz  thread 
through  a  definite  part  of  the  scale  of  the 
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electrometer  was  noted  both  for  the  large 
and  small  chambers  under  varying  condi- 
tions; the  values  obtained  for  the  large 
chamber  were  divided  by  those  of  the 
smaller  chamber.  Of  course,  all  sources  of 
error  of  this  electrostatic  arrangement  were 
exactly  determined.  The  actual  readings 
were  corrected  mathematically,  in  order  to 
remove  these  sources  of  error.  Great  care 
was  taken  to  avoid  any  errors  in  the  read- 
ing of  the  ionization  current  in  the  two 
chambers,  due  to  the  azimuth  effect  of  the 
tube.  For  the  investigations,  5  separate 
ranges  of  wave-lengths,  determined  by 
sphere-gap  measurements  and  spectro- 
grams, were  employed.  These  groups  are 
represented  as  Hi,  Hj,  H3,  H4,  H5,  and  cor- 
respond to  average  wave-lengths  of  .43,  .32, 
.25,  .20,  .16  Angstrom  units.  An  accurate 
description  of  the  measuring  apparatus, 
of  the  sources  of  error,  etc.,  has  appeared 
in  the  above-mentioned  report.^ 
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Fig.  3. 

We  will  pass  directly  to  the  result  of  a 
comparison  of  the  Friedrich  horn  chamber 
with  the  large  ionization  chamber,  and 
pass  over  the  technique  of  the  experiments. 
Figure  3  shows  three  curves.  The  abscissae 
represent  the  wave-lengths;  the  particular 
average  wave-lengths  Hi  to  Hs  used  are 
marked.  The  ordinates  represent  the  values 
of  the  quotient  when  the  results  of  the 
small  ionization  chamber  are  divided  by 
those  of  the  large  in  relation  to  the  value 
of  the  hardest  rays  Hg. 

Curve  I  represents  the  values  of  the 
ionization  currents  in  the  small  and  large 
chambers,  thus  showing  the  errors  made 


by  the  small  chamber  measurements.  One 
sees  that  the  quotient  at  first  goes  up  with 
shorter  and  shorter  wave-lengths,  and 
then  becomes  smaller  again.  The  variations 
from  the  quotient  i,  are  due  to  the  fact 
that  the  amount  of  radiation  from  the 
walls  of  the  small  chamber  increases  with 
the  shorter  wave-lengths,  whereby  a 
stronger  ionization  takes  place  in  the  small 
ionization  chamber.  If  there  were  no 
sources  of  error  m  the  small  chamber 
measurements,  the  results  would  be  iden- 
tical with  those  obtained  by  the  large 
chambers,  and  the  quotient  would  be  one. 
Further  shortening  of  the  wave-lengths 
increases  the  range  of  the  wall  radiation 
beyond  the  diameter  of  the  small  chamber, 
and  therefore,  the  secondary  beta  rays 
cannot  produce  their  complete  ionization 
etTects:  the  quotient  of  the  ionization 
currents  becomes  smaller. 

Curve  1 1  in  Figure  3  takes  a  different 
course.  It  represents  the  values  of  the 
quotients  of  the  energies  of  the  secondary 
beta  rays  for  the  larger  and  smaller  cham- 
bers. These  energy  values  can  be  directly 
calculated  by  the  ionization  currents,  by 
means  of  the  dependence  of  the  ionization 
upon  the  energy  of  the  secondary  beta  rays 
on  the  one  hand,  and  from  the  Planck- 
Einstein  formula  (verified  by  Duane  and 
Hunt),  on  the  other  hand.  This  energy 
curve  shows  that  with  the  shorter  wave- 
lengths, the  energy-,  as  measured  by  the 
small  chamber,  in  comparison  to  the 
ionization  effect,  steadily  increases. 

I  have  shown  these  two  curves  because 
they  are  characteristic  of  two  theories  of 
dose  measuring,  i.e.,  the  ion  theory  and  the 
energy  theory.  The  first  states  that  the 
number  of  ions  produced  in  an  ionization 
chamber  affords  a  measure  of  biological 
eflect,  the  second  that  the  energy  of  the 
secondary  beta  rays  aflords  a  measurement 
of  the  biological  effect.* 

What,  according  to  our  measuring  results, 
can  be  expected  as  to  a  determination  of 
dosage  by  small  ionization  chambers? 

For  measuring  dosage  of  difTering  wave- 
lengths, the  small  chamber,  at  first  sight, 
does  not  satisfy  either  theory;  e.  g.,  what 
does  curve  i  show,  about  dosage  from  the 
ion  theory  standpoint? 

•  See  the  investigations  of  G.  Failla."  and  others. 


Newer  Investigations  of  the  Problem  of  Roentgen-Ray  Dosage 


In  the  region  of  the  soft  rays  (up  to 
.34  AU)  the  dose  as  measured  by  the  small 
horn  chamber  with  increased  hardness 
would  be  too  great.  As  a  result,  the 
biological  object  radiated  would  receive, 
with  shorter  wave-lengths,  too  small  a  dose 
as  compared  with  the  soft  rays.  As  a 
result  of  this,  as  measured  by  the  horn 
chamber,  the  short  wave-length  rays  seem 
to  have  less  biological  effect  than  the 
longer  wave-length  rays.  In  the  region  of 
the  hard  rays  (beyond  .34  AU),  one  sees 
that  the  curve  i  falls  again,  and  therefore, 
with  shorter  wave-lengths  the  dose  as 
shown  by  the  measuring  apparatus  is  too 
small.  Consequently  the  dose  to  a  biological 
object  as  compared  to  relatively  softer 
rays  is  too  great.  Therefore  the  extremely 
short  wave-lengths  would  have  a  more 
favorable  effect.* 

Let  us  now  pass  to  the  dosage  by  the 
energy  measuring  of  the  secondary  beta 
rays.  Curve  1 1  shows  here  that  the  meas- 
ured energy  steadily  rises  with  shorter 
wave-lengths.  It  is  evident  that  the  short 
rays  would  produce  here  in  the  horn 
chamber  much  more  effect  than  the 
long  waves,  and  that,  as  a  consequence,  a 
biological  object  will  receive  too  small  a 
dose  if  short  waves  are  used. 

To  sum  up:  it  is  evident  that  in  the  con- 
struction of  biological  rules  determined  by 
small  ionization  chamber  measurements, 
it  is  necessary  to  make  certain  corrections, 
whether  the  ion  theory  or  the  energy 
theory  is  employed. 

As  a  matter  of  fact,  series  of  such  biologi- 
cal rules  are  in  existence,  on  the  one  hand, 
from  the  ionization  standpoint,  and  on  the 
other,  from  the  energy  standpoint;  the 
first  group  is  fairly  represented  by  Kroenig 
and  Friedrich,^  and  the  second  by 
Holthusen.^ 

In  order  to  test  these  two  theories, 
Holthusen  conducted  a  series  of  investiga- 
tions in  which  he  standardized  his  small 
aluminum  chamber  by  means  of  a  large 
chamber.  By  this  means  he  was  able  to 
show  that  in  radiating  the  "Ascaris 
megalocephalus"  the  energy  theory  will 
agree:    with    the    biological    effect,    quite 

•  These  results  have  been  in  part  reported  also  by  other  ob- 
servers, and  it  is  therefore  urgently  necessary,  in  comparing  their 
results  with  ours,  to  have  the  exact  data  as  to  the  range  of 
wave-lengths  used. 


independent  of  the  wave-lengths  employed. 
In  contrast  with  this,  an  assumption  of  the 
ion  theory  showed  that  there  was  a  quality 
difference  between  the  different  wave- 
length doses,  in  the  sense  that  the  short 
wave-length  rays  seemed  to  be  less  effective. 

Very  different  conclusions  were  reached 
by  Kroenig  and  Friedrich,  who,  in  their 
well-known  biological  investigations  in 
determining  dosage  only  bj'  measuring  the 
ionization  current  in  the  small  horn  cham- 
ber, found  no  dependence  of  biological 
effect  upon  wave-length;  these  experiments 
were  made  upon  plant,  animal  and  human 
tissues. 

This  discrepancy  has  been  much  dis- 
cussed and  misunderstood  and  the  results 
of  the  investigators  have  been  repeatedly 
put  under  suspicion.  The  apparent  dis- 
agreement of  these  results  is  explainable, 
if  one  takes  into  consideration  the  addi- 
tional dose  of  the  scattered  radiation, 
which  takes  place  in  the  radiated  medium. 

Holthusen  employed  for  his  investiga- 
tions as  small  a  test  object  as  possible; 
he  did  this  from  theoretical  considerations, 
in  order  to  have  conditions  as  nearly  as 
possible  like  those  in  the  ionization  cham- 
ber. The  use  of  larger  objects — in  particu- 
lar, the  human  tissue  by  Kroenig  and 
Friedrich — corresponds  more  closely  to  the 
practical  use  of  the  rays,  but  adds  to  the 
direct  radiation  a  marked  amount  of 
scattered  radiation.  Smaller  test  objects 
(tadpoles  and  germinating  beans)  were 
intentionally  radiated  in  large  water  ves- 
sels, in  order  to  reproduce  exactly  the  same 
conditions  as  to  the  scattered  radiation. 

We  measured,  with  the  apparatus  des- 
cribed above,  the  scattered  radiation  for 
the  region  of  the  wave-lengths  Hi  to  He 
by  putting  the  small  ionization  chamber 
down  into  the  scattering  medium;  it  is 
evident  that  the  scattered  radiation  has  a 
great  influence  upon  the  consideration 
already  mentioned  in  connection  with  the 
ionization  curve  i  in  Figure  3.  This 
influence  of  the  scattered  radiation,  added 
to  the  direct  radiation,  both  measured  by 
the  ionization  current  in  the  small  chamber, 
is  shown  in  curve  in  in  Figure  3.  It  is 
apparent  that  this  curve  takes  an  entirely 
different  course  with  shortening  wave- 
length from  that  shown  in  curve  i,  which 
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shows  the  ionization  current  measured  in 
air.  Moreover,  it  is  evident  that  the  ionization 
measurements  made  in  the  scattering  medium 
(see  curve  in)  correspond  to  the  measure- 
ments of  energy  made  in  the  air  (see  cur^"e 

II).       ;\ 

By  way  ot  resume,  allow  me  to  repeat 
that  Holthusen  employed  test  objects  of 
very  small  size,  and  came  to  the  conclusion 
that  the  biological  effect  was  independent 
of  the  wave-length  over  a  definite  scale  of 
wave-lengths,  when  he  applied  a  definite 
correction  factor,  and  by  this  means  cal- 
culated the  ionization  currents  in  terms  of 
energy.  In  contrast  with  this,  there  was  a 
distinct  difference  in  biological  effect, 
when  measured  by  the  ionization  current 
alone.  Kroenig  and  Friedrich  used  large 
test  objects  and  dosed  by  the  ionization 
current  measurements.  It  is  evident  (see 
curve  H,  showmg  the  energy,  and  curve  in, 
the  ionization,  in  the  scattering  medium) 
from  our  investigations  that  the  additional 
effect  of  the  scattered  radiation  approxi- 
mately equals  the  correction  factors  em- 
ployed by  Holthusen  for  estimating  the 
energy  of  the  secondary  beta  rays.  As  a 
result  of  this,  the  direct  readings  by 
Kroenig  and  Friedrich  automatically  supply 
the  right  correction,  and  the  applied  dose 
is  the  same  as  by  the  energy  theory. 

Our  investigations  would  not  be  com- 
plete if  we  neglected  to  consider  chambers 
of  other  materials;  for  instance,  of  mate- 
rials which  can  easily  be  sterilized  and  are 
of  low  atomic  weight.  I  will  limit  myself, 
however,  to  a  consideration  of  an  aluminum 
chamber  of  i.§  mm.  wall  thickness  and  to  a 
very  thin  graphited  paper  chamber.  In 
the  case  of  the  aluminum  chamber,  the 
course  of  the  three  curves  is  very  similar 
to  that  obtained  with  the  horn  chamber. 
However,  the  maximum  is  higher,  due  to 


the  fact  of  the  greater  influence  of  the  wall 
rays.  Of  interest  are  the  results  of  the 
measurements  shown  when  the  aluminum 
chamber  was  brought  into  a  large  scatter- 
ing medium.  It  was  found,  as  was  known 
formerly,  that  there  must  be  a  difference  in 
biological  effect  with  different  wave-lengths 
when  one  employs  the  ionization  currents 
as  a  measure  of  dose. 

Where  a  thin  graphited  chamber  is  used 
as  ionization  chamber  the  three  curves 
are  not  so  \ery  different  from  each  other. 
The  biological  results  obtained  by  the  two 
theories  would  here  be  almost  identical. 

I  will  not  detain  you  longer  now,  but 
refer  you  to  the  detailed  report  in  Strah- 
lentherapie. 

I  hope,  however,  that  this  short  presen- 
tation has  given  you  an  understanding  of 
the  great  importance  of  these  questions  of 
dosage.  You  see  that  our  investigations  not 
only  present  an  accurate  and  critical 
picture  of  what  takes  place  in  the  small 
ionization  chambers,  but  they  majs  per- 
haps, throw  light  upon  the  essential 
biological  action  of  the  rays  in  tissue. 

This  represents  the  most  pressing  prob- 
lem immediately  before  us  today. 
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seemed  necessary,  as  the  non-physicist  is 
the  person  who  will  be  practically  inter- 
ested in  these  considerations.  For  this 
reason,  the  process  of  the  origin  of  the 
non-characteristic  roentgen  rays  and  the 
distribution  of  the  energy  they  give 
rise  to,  will  not  be  considered,  since  as  yet 
these  processes  haAc  not  been  completely 
investigated.  They  are  very  complicated 
and  not  essential  to  the  discussion  of  the 
problem. 

Let  us  imagine,  therefore,  a  non-polarized 
monochromatic  radiation,  such  as,  for 
example,  in  one  of  the  spectrum  hues  of  the 
target  material  of  a  tube.  Let  the  energy 
of  the  roentgen  rays  produced  by  the 
energy  of  a  beta  ray  of  h  X  i*  be  h  X  v. 
This  energy  is  distributed  upon  a  spherical 
surface  whose  center  is  the  anticathode, 
and  propagates  itself  with  the  velocity 
of  light.  In  a  square  cm.  we  therefore  have 
a  surface  energy  of  this  elementary  radia- 
tion of 

„      h  X  »-        hX  I- 

4.     r   =  — 7^ —  =  ^ 

I  47rr- 

The  energy  produced  during  any  period  of 
radiation  is  evidently  proportional  to  the 
number  of  elementary  radiation  processes; 
accordinglv 

_  hX  V 

5-     Fn  =  n--— :^ 
4t  r 

For  the  energj-  emanating  in  the  unit  of 

time  through  the  unit  of  area,  in  other 

words,  the  intensity,  we  can  accordingly 

write  the  formula 

A        r       n  X  h 
o.       1  = -,- 

4TT-t 

If    we    add    the    duration    of   radiation, 

there  results  the  equation 

F„  =  I  X  t 

There  is  still  another  important  factor, 

i.e.,  the  absorption  coefficient  of  the  object 

radiated.  By  this  is  meant  the  reciprocal 

thickness  of  a  layer  necessary  to  absorb  the 

radiation  applied,  to  the  e""  part.  This  is 

expressed  in  the  well-known  law  of  absorp- 

7.     Id  =  I„  X  e-"'' 
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'\T7E    greatly    appreciate    this    oppor- 

T  T  tunity  of  laying  before  you  some  of 
our  thoughts  about  ray  dosage. 

In  the  paper  of  my  collaborator,  Glas- 
ser,  you  have  heard  of  a  series  of  in- 
vestigations which  showed  that  there  are 
entirely  contradictory  biological  effects 
according  to  the  worki-ng  hypothesis  appli- 
ed to  interpretation  measurement  of  ray 
dose,  independent  of  wave-length.  It  seems 
opportune  to  explain  the  theory  of  dosage 
itself  before  beginning  a  general  discussion 
of  the  subject.  Christen  expressed  the 
conception  of  the  dose  which  a  little  volume 
of  any  radiated  medium  receives,  by  the 
formula 

^       IXt 

This  is  the  so-called  "physical  dose,"  and 
does  not  take  into  account  the  transfor- 
mations of  energy  which  lead  directly  to  bio- 
logical effect;  Christen  accounted  for  this  by 
adding  a  factor  a  to  the  physical  dose. 
This  factor  shows  the  part  that  this  dose 
has  in  the  direct  biological  effect. 

Our  conceptions  today  as  to  the  nature  of 
the  emission  and  absorption  of  rays  have 
been  influenced  through  a  series  of  investi- 
gations expressed  in  the  Einstein-Planck 
formula  (verified  by  Duane  and  Hunt). 

VX  e  =  hX  J- 
2.  MmXv^  =hXv 
It  is,  therefore,  necessary  to  define  more 
precisely  our  conception  of  intensity. 
(In  the  Einstein  formula,  V  denotes  the 
maximum  tension,  e  the  elementary  quan- 
tity of  electricity,  h  the  Planck  constant, 
V  the  frequency  of  the  rays,  m  the  elec- 
tromagnetic plus  the  real  mass  of  the  elec- 
tron, V  its  velocity.) 

By  the  intensity  of  radiation  is  meant  the 
energy  falling  upon  a  unit  of  surface  in  the 
unit  of  time;  this  may  be  written 

r: 
^.      I  = 


f  X  t 

The  problem  is  now  to  determine  the 
value  of  the  energy  E.  Simple  explanations 
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tion  in  which  I„  and  I,;  represent  respec- 
tively the  impinging  and  the  radiation 
passing  from  the  medium,  d  the  thickness 
of  the  penetrated  layer,  y.  the  coefficient 
of  absorption  and  e  the  base  of  the  hyper- 
bolic system  of  logarithm. 

If  a  radiation  of  the  surface  energy 
expressed  by  formula  5  falls  upon  a  small 
unit  ^■olume  of  the  absorbing  substance 
which  is  of  d  thickness,  then  the  dose 
recei\ed  per  unit  of  surface  will  be 

8.     D  =  F  -  F„ 

I.e.  D  =      ^  j.i(  I  -  ^'      ) 

In  the  above  formula  the  influence  of  the 
inverse  square  law  has  not  been  taken 
account  of. 

Scattering.  A  part  of  the  entering  energy 
of  a  roentgen-ray  bundle  is  transformed  in 
passing  through  a  medium  to  some  extent 
into  scattered  radiation.  Another  part  of 
this  entering  energy  is  absorbed  in  the  pro- 
duction and  driving  of  the  secondary  beta 
rays.  This  latter  portion  is  now-a-days 
referred  to  as  absorbed  energy  and  in  the 
formula  is  expressed  by  /i.  It  is  only  in 
recent  years  and  by  the  use  of  very  pene- 
trating rays  that  the  importance  of  these 
factors  in  practical  dosage  has  been  recog- 
nized. 

Since  the  scattering  radiation  in  any 
medium  larger  than  a  single  atom  gives 
rise  to  an  exactly  similar  dosage  in  sur- 
rounding atoms,  it  is  ob\ious  that  this 
simple  characteristic  dosage  formula  can- 
not be  maintained.  The  additional  dosage 
dependent  on  scattered  radiation  must  be 
expressed  by  a  definite  factor.  An  attempt 
to  fix  mathematically  the  amount  of 
additional  dose  due  to  scattered  radiation 
as  reported  by  Glocker  and  his  collabora- 
tors complicates  and  well-nigh  makes 
impossible  a  single  presentation  ot  the 
subject.  The  factors  which  determine  the 
dosage  are  the  same  as  in  the  direct  dose 
just  explained,  but  the  functions  are  greatly 
complicated  by  the  different  distances  of 
the  centers  of  scattering,  and  the  con- 
sequent different  thicknesses  of  medium 
passed  through.  Suflice  it  to  say  that  the 
additional  dose  constitutes  a  function  of 
the  scattering,  and  can  be  expressed  by 
9.     D.,  =  ffS) 


For  the  total  dose  received  by  a  volume 
element  at  a  distance  r  from  the  source  of 
radiation  we  get  the  formula 


10. 


I.e. 


nJh^.t 

D  = ,-    (i  —  e 

47r  r-t 


•'  )  +  D, 
D  =  (L  +  IJ.t.(i  -  e-"'') 


Accordingly  the  dose  is  proportional  to 
the  total  intensity  L  +  IsCL  is  the  direct, 
\s  the  scattering  intensity)  entering  the 
\olume;  it  is  furthermore  proportional 
to  the  time  of  radiation  t,  and  to  the  absorp- 
tion coefficient  m,  or,  expressed  in  another 
way,  inversely  proportional  to  the  half 
^•alue  layer. 

It  is  evident  that  the  essentials  of  Chris- 
ten's  formula  are  preserved;  the  introduc- 
tion of  the  expression  hXi*  makes  possible 
a  much  more  detailed  consideration  of  the 
relation  which  exists  between  the  energy 
of  radiation  and  that  of  absorption.  We 
shall  not  discuss  this  here,  however. 

Problem  oj  Dosage.  The  problem  of 
dosage  is  the  development  of  means  and 
methods  which  will  permit  of  actual  mea- 
surements of  the  values  theoretically 
defined  in  the  preceding  paragraphs.  During 
a  radiation  the  observable  changes  that  take 
place  in  a  living  object  are  practically  nil; 
they  develop  some  time  after  the  radiation. 
There  is,  therefore,  no  biological  method 
for  directly  measuring  the  dose.  For  this 
reason  it  is  necessary  to  turn  to  chemistry 
and  physics  for  additional  help. 

It  is  essential,  just  as  in  case  of  every 
measurement  of  energy,  that  one  or  more 
energy  transformations  be  followed  and 
measured.  The  measuring  apparatus  should 
contain,  as  a  chief  constituent,  a  substance 
that  is  changeable  under  the  influence  of 
radiation  energy.  It  is  evident  that  the  trans- 
formations which  take  place  in  the  measur- 
ing apparatus  should  be  the  same  as  those 
in  the  material  to  which  the  dose  is  applied. 
For  the  most  part,  these  are  living  objects, 
and  identical  changes  are,  of  course,  not 
always  obtainable.  But  at  any  rate,  the 
transformation  of  energy  must  conform  to 
the  same  laws  with  reference  to  the  depen- 
dence of  measurable  transformations  of 
energy  proportional  to  the  determining  of 
factors.  It  is  essential  that  the  measuring 
apparatus  and  the  test  object  should  absorb 
the  rays,  whatever  the  wave-length  may  be 
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proportionally,  in  order  that  the  apparatus 
may  be  used  as  a  practical  instrument  when 
rays  of  different  wave-lengths  are  employed. 
In  order  to  find  a  test  object  which  will 
meet  the  needed  conditions,  it  is  essential 
to  understand  the  effect  of  the  radiation  in 
a  biological  object.  Unfortunately,  the 
numerous  previous  investigations  in  this 
line  afford  us  little  help.  The  processes 
underlying  the  simplest  photochemical 
changes  in  non-living  substances  produced 
by  roentgen  rays  or  light  are  not  completely 
understood.  In  the  absence  of  clearly 
understood  processes  we  are,  therefore,  in 
the  working  out  of  a  process  of  dosage 
measurement,  limited,  for  the  present,  to 
hypothesis.  As  an  illustration,  Glasser 
has  just  shown  that  the  hypothesis  may 
be  maintained  that  the  number  of  ions 
formed  in  the  biological  object  during 
radiation — in  other  words,  the  electrical 
effect — determines  the  biological  change. 
Under  this  hypothesis  it  is  first  necessary  to 
secure  a  measuring  substance  which  per- 
mits the  number  of  ions  formed  in  it  to  be 
measured.  It  must  furthermore  satisfy 
other  demands;  for  example,  the  conditions 
of  absorption  and  scattering  must  be  iden- 
tical or  directly  proportional  to  those  tak- 
ing place  in  the  living  object  tested.  Air 
is  such  a  test  body.  Providing  that  a 
definite  size  of  such  a  test  body  and  unilorm 
conditions  be  maintained  in  relation  to  the 
biological  object  to  be  measured,  it  is 
possible  to  establish  a  measure  of  dosage 
of  varying  wave-lengths,  and  to  formulate 
rules  which  permit  of  the  determination 
of  the  extent  of  the  biological  effect  from 
any  given  amount  of  any  wave-length. 
It  was  clear  from  Glasser's  paper  that 
where  this  hypothesis  is  employed,  hard 
rays  seem  to  ha\e  a  less  biological  effect 
than  soft  rays,  but  also  that  scattering  rays 
lead  to  deviations  from  the  rule. 

It  is  possible  to  work  with  another 
hypothesis  which  is  also  very  plausible, 
i.e.,  that  the  energy  of  the  secondary  beta 
rays  determines  the  biological  effect;  in  the 
paper  of  Glasser  it  has  been  shown  that 
the  energy  of  the  secondary  beta  rays 
and  the  number  of  ions  formed  by  radiation 
do  not  run  parallel  when  waves  of  different 
lengths  are  tested. 

It    is    e\ident    that    when    this    energy 


theory  is  employed,  a  method  must  be 
devised  that  permits  of  energy  measure- 
ments. You  have  seen  that  it  is  possible 
to  construct  a  measuring  apparatus  which 
meets  this  need,  provided  that  certain 
fixed  factors  are  recognized  and  corrected 
for.  The  rules  of  dosage  formed  by  this 
method  do  not  agree  with  those  deduced 
from  the  ion  theory  when  they  are  applied 
to  a  determination  of  the  amount  of 
biological  effect  with  rays  of  different 
wave-lengths. 

Furthermore,  still  other  hypotheses  are 
possible;  for  example,  it  may  be  assumed 
that  the  roentgen  rays  have  a  direct  biolog- 
ical effect  without  the  formation  of  elec- 
trons; this  is  supported  by  the  investiga- 
tions of  Lenard  and  Ramsauer,  which 
showed  that  photochemical  processes  take 
place  under  the  influence  of  light  without 
the  formation  of  ions. 

A  further  important  factor  is  the  size  of 
the  radiated  biological  object.  The  biolog- 
ical effect  in  a  small  object  where  a  defi- 
nite intensity  of  a  definite  wave-length  is 
used  is  quite  different  from  that  in  large 
objects  under  the  same  conditions.  Further 
investigations  which  will  show  the  influ- 
ence of  volume  upon  the  dose  are  greath' 
needed.  It  should  be  firmly  held  in  mind 
that  the  principles  of  dosage  measure- 
ments given  have  taken  into  account  only 
the  "density  of  the  dose." 

These  simple  examples  show  how  difii- 
cult  the  solution  of  the  absolute  dosage 
problem  is.  It  can  only  be  attained  by 
thorough  systematic  investigation,  in 
which  physicists,  chemists  and  biologists 
must  cooperate  in  creating  the  foundations. 
It  is  important  to  study  in  vitro  all  known 
processes  which  may  in  any  way  play  a  part 
in  the  biological  changes  induced  by  radia- 
tion. Phenomena  of  like  kind  must  be 
brought  together  under  definite  rules. 
When  these  processes  are  clearly  under- 
stood under  the  simpler  conditions,  then 
it  will  be  possible  to  apply  them  to  a  study 
in  the  living  organism.  It  is  quite  certain 
that  the  immediate  future  is  not  likely  to 
show  what  these  biological  effects  are. 
We  ha\  e  merely  to  think  of  the  multitude 
of  complex  catalytic  and  fermentative 
processes  which  take  place  in  the  living 
body,  to  realize  the  magnitude  of  the  task. 
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It  Is  an  incentive  to  systematic  and  thorough 
work  to  realize  that  these  problems  once 
solved  will  have  a  tremendous  influence  on 
the  practical  employment  of  roentgen  rays 
as  a  therapeutic  agent. 

Practical  { relative)  Dosage.  It  is,  of  course, 
not  possible  to  defer  the  entire  practical 
application  of  roentgen-ray  therapy  until 
perfect  measuring  apparatus  is  developed. 
The  conditions  required  for  practical  dos- 
age are  entirely  different  from  those  above 
outlined.  Practical  medicine  seeks  to  put 
into  reproduceable  form  the  biological 
phenomena  established  by  experience. 
From  this  point  of  \iew,  much  less  severe 
demands  are  made  upon  a  measuring 
device.  There  are  two  main  requirements: 
(i)  The  instrument  must  be  sutficlently 
sensitive  to  record  small  difl^erences  in 
dosage  used  in  practice;  (2)  the  instrument 
must  be  reliable,  so  that  under  the  same 
conditions  of  radiation  it  will  always  record 
the  same  results.  These  processes  do  not 
measure  the  dosage  in  the  above-defined 
theoretical  sense.  For  the  sake  of  simplic- 
ity, however,  w^e  shall  designate  the  mag- 
nitude measured  as  dosage. 

Dosage-measuring  Apparatus.  The  proc- 
esses used  in  medicine  for  measuring 
dosage  meet  these  two  demands  in  a  greater 
or  lesser  degree.  One  may  divide  them 
into  two  groups: 

1.  Measuring  the  dosage  at  the  point 
where  the  eff^ect  is  desired. 

2.  Measuring  the  working  conditions, 
which  include  calibration  of  tubes  and 
apparatus. 

The  old  methods  of  dosage,  such  as  the 
Kienboeck  strip  and  the  Sabouraud-Noire 
tablets  are  today  considered  unreliable  on 
account  of  their  lack  of  sensitiveness. 

Modern  measuring  methods  are  based 
upon  measuring  the  change  in  resistance  of 
selenium  (Fuerstenau  intensimeter)  or  on 
measurement  of  ionization.  The  latter  proc- 
esses are  recognized  as  more  reliable.  The 
construction  of  the  ionization  apparatus  has 
reached  such  a  degree  of  simplicity  that 
it  'may  be  competenth'  used  by  those  who 
are  not  physicists. 

The  instruments  to  be  mentioned  here 
are  the  "iontoquantimeter"  with  the 
small  horn  ionization  chamber  pre\iously 
described,    the    aluminum    chamber    with 


gaKanometer  of  Duane,  the  "iontocjuanti- 
meter"  as  invented  by  Hammer,  the 
"iontoquantimeter"  of  the  Standard 
X-Ray  Co.,  the  "ionometer"  invented  by 
W'ulf,  the  "Siemens  Roentgen  dosimeter," 
the  "Veifa  Electroscope,"  the  "ionimeter," 
by  Martius,  the  .v-ray  measuring  apparatus 
of  Roy  Kegerreis,  and  others. 

The  first  method,  that  is,  measuring  the 
dose  at  the  point  where  the  effect  is  desired 
(direct  dosage)  is  carried  out  by  these 
instruments  partly  in  the  form  of  a  per- 
manent measurement.  For  example,  the 
iontoquantimeter  measures  the  dosage  for 
the  entire  duration  of  the  radiation,  and 
thus  takes  account  of  all  the  variations  in 
the  conditions  of  operation.  With  instru- 
ments of  the  Veifa  electroscope  type,  the 
measurements  must  be  made  before  or 
after  the  treatment;  and  with  tubes  of  the 
Coolidge  type,  the  results  are  dependable. 

In  the  second  method,  it  is  necessary  to 
determine  the  working  conditions  of  tube 
and  apparatus,  which  factors  are  necessarj' 
to  compute  the  dosage.  These  factors  must 
include  the  strength  of  current  and  the 
tension  or  hardness,  and  the  knowledge  of 
the  technique  of  radiation  and  filtration. 
The  second  method  also  includes  measure- 
ments, which,  with  the  aid  of  a  water 
phantom,  or  one  of  wax  or  wood,  furnish 
data  concerning  the  distribution  of  the 
intensity  or  of  the  dosage  at  the  surface  and 
In  the  interior  of  the  object  to  be  radiated. 
The  use  of  these  measurements  in  phan- 
toms demands  a  verification  of  the  con- 
stancy of  the  conditions  of  operation  when 
they  are  employed  for  the  biological 
object.  Since  the  technique  always  remains 
the  same  in  the  case  of  a  number  of 
objects  which  are  subjected  to  radiation, 
especially  in  gynecology,  the  results  once 
obtained  for  a  given  case  have  been 
tabulated  to  indicate  the  distribution 
of  intensity  (e.g.,  see  charts  of  Dessauer 
and  Vierheller  or  tables  of  Duane  or  others) 
so  as  to  avoid  constant  repetition  of  the 
same  measurements  with  phantoms.  Such 
tables  can  be  used  directly  for  radiation 
purposes,  since  the  conditions  of  measure- 
ments are  the  same. 

Finally,  a  combination  of  both  methods 
may  be  employed.  This  consists  in  the 
fact   that   the  first  method   measures  the 
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dosage  on  the  surface  of  the  object  to  be 
radiated,  and  the  second  method  gives 
the  data  concerning  the  rays  to  be 
employed  and  other  conditions  (size  of 
field,  focus  skin  distance,  etc.)  and  enables 
one  to  draw  conclusions  as  to  the  dis- 
tribution of  the  intensity  in  the  object 
radiated. 

In  conclusion,  let  us  point  out  once  more 
the  importance  of  an  e.\act  formulation  of 
the  problem  of  dosage.  In  the  above  pre- 
sentation we  intentionally  drew  a  sharp 
hne  of  demarcation  between  the  problems 
of  absolute  dosage  and  relative  dosage  of 
roentgen  rays.  All  the  investigations  con- 
cerning the  question  of  absolute  dosage  were 
undertaken  to  throw  light  upon  the  possi- 
bility of  the  establishment  of  an  absolutely 
exact  method  to  measure  the  dosage.  In 
order  to  attain  this,  a  knowledge  of  the 
nature  of  the  action  of  the  rays  is  absolutely 
essential.  Only  then  will  it  be  possible  to 
discover  further  laws  concerning  the  biolog- 
ical effect  of  rays  of  different  degrees  of 
hardness;  that  it  can  be  attained  only  by 
systematic  research  work  we  have  already 
demonstrated. 

The  relative  dosage  methods  of  medical 
practice  are  suitable  to  give  the  practitioner, 


the  clinical  expert,  and  the  radiotherapist 
the  possibility  of  attaining  reproducible 
physical  conditions  in  the  clinical  applica- 
tions of  the  rays.  Naturally,  various 
investigations  can  also  be  made  with  these 
measuring  processes,  and  various  biological 
problems  can  be  solved;  under  this  head 
may  be  grouped  all  those  questions  which 
concern  radiation  effects  of  a  given  degree 
of  hardness.  In  all  investigations  where  rays 
of  different  degrees  of  hardness  are  com- 
pared with  each  other  by  means  of  one 
of  these  dosage  processes,  be  it  by  the 
theory  of  energy,  the  ion  theory,  or  a 
chemical  theory,  no  absolute  laws  can  be 
posted  at  present,  especially  since  the 
biological  results  obtained  on  the  basis  of 
the  theory  may  yet  be  influenced  by 
technique.  At  present  we  cannot  give 
preference  to  one  or  another  theory. 

To  continue  investigation  of  absolute 
dosage  is  the  chief  task  of  the  physicist  in 
collaboration  with  the  biologist  and  the 
chemist;  independent  investigation  will 
hardly  lead  to  the  goal.  In  the  matter  of 
practical  dosage,  the  physicist  has  done  his 
part  for  the  time  being;  now  it  is  the  task 
of  the  clinical  investigator  to  continue  the 
work  along  these  lines. 
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1^0  the  student  it  must  be  evident  that 
the  recent  rapid  strides  of  roentgen- 
ray  therapy  have  unco\ered  many  long 
lanes  of  research  that  deserve  careful  and 
painstaking  investigation.  It  is  to  be 
regretted  that  the  field  of  biological 
research  is  not  advancing  as  rapidly  as 
that  of  electrophysics,  since  all  rational 
x-ray  therapy  must  be  based  on  our 
knowledge  of  biological  reactions  to 
radiation. 

At  the  present  writing,  it  seems  that  no 
one  portion  of  the  body  offers  more  of 
interest  from  the  x-ray  point  of  view  than 
the  gastrointestinal  tract.  There  can  be 
Httle  doubt  that  the  intestine  plays  a 
definite  role  in  at  least  one  form  of 
roentgen-ray  toxemia.  Denis,  Martin  and 
Aldrich^  described,  in  1920,  the  results 
obtained  following  the  regional  radiation  of 
animals-.  It  was  pointed  out  that  a  certain 
dose  of  x-rays  would  produce  the  death  of  a 
rabbit  only  when  delivered  over  some  por- 
tion of  the  intestinal  tract.  When  this  same 
dose  was  administered  to  the  chest  or  to 
the  hind  legs,  no  noticeable  reaction  was 
observed.  Warren  and  Whipple-  have 
repeated  these  experiments,  using  dogs 
instead  of  rabbits,  and  have  reported 
similar  results.  They  have  also  made  a 
careful  histological  study  of  the  intestine 
falling  within  the  region  of  exposure,  and 
report  that  many  areas  show  a  complete 
absence  of  epithelium.  These  workers 
state:  "The  epithelium  of  the  small 
intestine  from  the  pylorus  to  the  ileocecal 
valve  is  remarkably  sensitive  to  the 
roentgen  rays.  .  .  .  We  may  infer  that 
the  x-rays  may  produce  sublethal  injury 
to  this  intestinal  epithelium  which  may 
be  responsible  for  a  variety  of  disturbances 
associated  with  gastrointestinal  symp- 
toms." The  same  in\estigators  call  atten- 
tion to  the  similarity  of  the  symptoms  of 
roentgen-ray  toxemia  to  those  observed 
in   experimental   intestinal   obstruction. 


Dragstedt,  Moorhead  and  Burcky,'  after 
studying  the  rapid  death  of  dogs  with 
isolated  artificially  prepared  closed  intes- 
tinal loops,  make  the  following  statements: 
"Thus  it  is  probable  that  bacteria  alone, 
or  in  connection  with  the  contents  of  the 
lumen  of  the  intestine,  do  not  give  rise  to 
the  toxemia  of  obstruction  when  they  are 
separated  from  the  blood  by  the  cells  of 
the  intestinal  mucosa.  However,  a  combina- 
tion of  these  two  factors  (necrotic  tissue 
plus  putrefactive  intestinal  bacteria) 
rapidly  gives  rise  to  fatal  toxemia." 

The  practical  significance  of  intestinal 
reactions  was  rather  forcefully  brought  to 
our  attention  a  few  months  ago  when  one 
of  our  patients  developed  a  bloody  diar- 
rhea, following  the  application  of  a  heavy 
dose  of  rays  to  the  lower  abdomen.  A 
nodule  about  2  in.  in  diameter  had 
appeared  in  the  abdominal  wall  several 
months  after  a  hysterectomy  for  carcinoma 
of  the  fundus  of  the  uterus.  A  dose  of 
600  ma.  min.  at  a  target-skin  distance  of 
12  in.  was  delivered  to  an  area  of  skin  8 
in.  square,  with  a  sphere  gap  reading  of 
140  kv.  A  filter  consisting  of  yi  mm.  of 
copper  and  i  mm.  of  aluminum  was  used. 
The  skin  reaction  was  rather  severe,  and 
was  soon  followed  by  the  passage  of  blood 
per  rectum,  which  continued  for  several 
months.  The  patient  seems  to  have  suffered 
no  permanent  inconvenience  from  this 
occurrence. 

However,  more  serious  results  have  been 
reported  in  the  foreign  literature.  Beclere,'' 
in  discussing  the  treatment  of  a  case  of 
carcinoma  of  the  cervix,  states  that  a 
condition  like  dysentery  was  set  up  with 
bloody  stools,  colonic  perforation  and 
stenoses.  Fischer^  describes  3  cases  of  fatal 
necrosis  of  the  intestine  following  the  use 
of  deep  therapy  in  the  treatment  of 
abdominal  tumors.  He  emphasizes  the 
fact  that  the  intestine  is  easily  injured 
where  the  abdomen  is  exposed  to  crossfiring. 

•  Read  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Society.  Los  Angeles.  Cali{..;September  12-16, 1922. 
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The  above  observations  justify  a  careful 
study  of  the  sensitiveness  of  the  intestine 
to  radiation.  Diifcrent  authors  have  esti- 
mated the  carcinoma  dose  as  loo  to  140 
per  cent  of  the  erythema  dose.  Some  data 
should  be  obtained  relative  to  the  effect  of 
the  erythema  dose  and  various  fractions 
thereof  on  the  intestinal  tract,  before  an 
attempt  is  made  to  treat  tumors  situated 
in  the  abdominal  cavity  by  deep  radiation. 
It  is  true  that  many  writers  claim  that 
they  are  dcli\ering  as  high  as  no  per  cent 
of  the  erythema  dose  into  the  abdominal 
cavity   without    mishap,    but    it    must    be 


closed  up  and  allowed  to  recover  from  the 
operation.  Obviously,  it  was  quite  easy  to 
read  the  dose  of  rays  received  by  the  ex- 
posed intestinal  loop  in  terms  of  the  skin 
erythema  dose  at  the  end  of  ten  to  four- 
teen days. 

In  deciding  upon  a  technique  for  this 
work,  a  parallel  gap  of  5  in.  was  adopted, 
and  no  filters  were  used  except  a  thick 
piece  of  paper,  which  kept  the  heat  and 
light  from  the  target  from  striking  the 
exposed  viscera.  It  might  be  the  feeling  of 
some  that  only  short  wave-lengths  should 
be    used    in    dealing    with    deep    therapy 


Fig.  I.  Pathologic;!!  loops  of  intestine  found  in  animal  that  died  four  days  after  receiving  200  ma.  min.  over 

each  flank. 


remembered  that  this  measurement  is 
based  entirely  on  physical  instruments  and 
calculations,  and  not  on  the  actual  reaction 
of  the  living  cells  in  the  depths  of  the 
tissues. 

In  an  eilort  to  throw  some  light  on  this 
subject,  a  series  of  experiments  was 
mapped  out  in  which  no  physical  measur- 
ing de\  ices  were  necessary.  Animals  were 
operated  upon  under  ether  in  the  .v-ray 
laboratory,  and  loops  of  intestine  laid 
out  on  the  abdominal  wall,  so  that  the 
intestine  and  the  skin  rccei\ed  the  same 
cjuantity  of  .\-rays.  The  animals  were  then 


problems.  It  seems,  howe\  er,  that  the 
reaction  of  living  cells  is  dependent  only 
on  the  quantity  of  rays  absorbed,  regard- 
less of  the  wave-lengths.  Thus  Krocnig  and 
Friedrich''  state:  "Within  the  limits  of 
hardness  of  the  radiations  in\estigated, 
the  intensity  of  the  biologic  action  is 
independent  of  the  hardness  of  the  rays; 
the  intensity  of  the  biologic  action  is 
only  dependent  on  the  radiation  energy 
absorbed."  Hea\ily  filtered  doses  were 
impractical,  because  it  would  have  been 
diOieult  to  keep  animals  in  good  condition 
after   lea\ing  the  abdomen  open   for  two 
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or  three  hours,  and  a  skin  erythema 
could  hardly  have  been  obtained  from  a 
shorter  exposure. 

The  spark-gap  was  determined  by  a  point 
to  point  measurement  at  the  beginning  of 
the  investigation,  and  the  reading  of  the 
low  tension  \oltmeter  obserxed.  At  all 
subsequent  experiments,  the  machine  was 
set  to  give  the  same  voltmeter  reading, 
regardless  of  what  the  point  gap  might 
be.  This  gap  measurement  was  found  to 
vary  from  5  to  534  in.  on  different  days. 
A  sphere-gap  used  at  the  beginning  of  the 
work    showed    a    definite    sparking    o^'er 


or  9  in.  has  been  used.  In  order  to  compare 
the  effect  of  a  5  in.  back-up,  a  dog  of 
medium  size  was  given  a  dose  of  200  ma. 
min.  over  each  flank.  Areas  33^  in.  square 
were  used,  and  the  remainder  of  the  dog's 
body  was  shielded  with  lead  foil.  On  the 
third  day,  this  animal  refused  food  and 
developed  a  diarrhea.  On  the  morning  of 
the  fifth  day  it  was  found  dead  in  its  cage. 
Autopsy  revealed  the  condition  shown  m 
Figure  i.  Several  loops  of  small  bowel 
showed  dilatation  and  a  smoothing  out 
of  the  normal  convolutions.  There  was 
also  a  marked  hvperemia  made  out  in  the 


-'5  ami  50  ma.  min.  .^  ..--  ,5  ma.  mm, 

S5  ma.  min.  100  ma.  mm.  150  ma.  min. 

Fig.  2.  Photographs  of  the  skin  reactions  observed  following  the  administration  of  various  doses.     Where 
the  reactions  are  absent  or  faint,  the  exposed  square  is  outlined  with  a  skin  pencil. 


when  adiusted  to  a  reading  of  -^  peak  kv. 
with  the  machine  running  at  the  setting 
just  described. 

All  experiments  were  performed  with  a 
secondary  current  of  lo  ma.  read  on  3 
milliammeters  of  different  makes  connected 
in  series.  These  instruments  checked  each 
other  within  I4'  ma.  at  this  reading.  A 
target-skin  distance  of  10  in.  was  used 
throughout  the  in\-estigation. 

In  all  the  published  work  coming  to  our 
attention  in  which  fatal  doses  have  been 
delivered  to  animals,  a  parallel  gap  of  8 


affected  loops,  and,  in  places,  the  intestinal 
wall  showed  definite  thinning.  The  worst 
lesions  were  in  the  duodenum.  This  patho- 
logical picture  is  practically  the  same  as 
that  described  by  Warren  and  \\hipple 
in  experiments  in  which  the  higher  voltages 
were  used.  A  q  in.  gap  was  therefore 
adopted  as  suitable  for  the  work  in  hand. 
It  was,  of  course,  necessary  to  determine 
the  erythema  dose  as  accurately  as  possible 
before  beginning  the  operati\'e  work.  Un- 
fortunately, the  dog's  skin,  as  well  as  that 
of  all  other  experimental  animals,  is  very 
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resistant  to  radiation.  Areas  2]i  in.  square 
were  marked  ofl'  on  the  abdomens  of  three 
different  white  dogs,  and  doses  of  25,  50,  65, 
75,  85,  100  and  150  ma.  min.  administered. 
The  skin  of  the  exposed  area  was  shaved 
in  each  instance.  Figure  2  shows  the  reac- 
tions obtained. 

The  erythema,  where  it  appeared,  was 
always  visible  by  the  eleventh  day.  A 
very  slight  discoloration  was  observed 
over  the  area  receiving  65  ma.  min.,  but 
the  area  receiving  75  ma.  min.  was  the 
first  one  in  the  ascending  scale  to  show  an 
unmistakable  reaction.  Seventy-five  ma. 
min.  was  therefore  accepted  as  the  mini- 
mum erythema  dose  for  the  skin  of  a  dog 
under  the  conditions  stated  above.  This 
dose  is  more  than  three  times  the  "ery- 
thema dose"  for  the  human  skin.  One 
hundred  ma.  min.  gave  a  reaction  which 
approached  the  one  commonly  used  in 
therapeutic  work.  The  skin  turned  red  in 
eleven  days  and  then  slowly  became  brown. 
At  the  end  of  a  month,  desquamation  was 
in  progress.  There  was  no  vesiculation  or 
ulceration  at  any  time.  One  hundred  and 
fifty  ma.  min.,  which  may  be  considered  as 
double  the  minimum  erythema  dose,  slowly 
developed  a  shallow  ulceration,  which  was 
surrounded  by  a  broad  band  of  alopecia. 
At  the  end  of  six  weeks  the  ulcerated  area 
w'as  crusted  over  and  much  contracted,  and 
was  beginning  to  heal.  The  burn  produced 
by  this  dose  was  not  of  the  serious  "incur- 
able" type,  and  might  be  taken  to  represent 
the  "erythema  dose"  of  the  degree  des- 
cribed by  some  of  the  most  radical  workers. 
It  was  deemed  necessary  to  study  a  wide 
range  of  skin  reactions,  because  deep 
therapists  dilfcr  widely  in  their  conceptions 
of  the  "erythema  dose." 

Since  the  mucosa  has  been  shown  to  be 
the  most  sensitive  portion  of  the  intestinal 
tube,  the  question  of  the  filtering  effect 
of  the  muscular  layers  immediately  arose. 
In  other  words,  it  was  important  to  deter- 
mine whether  the  dose  delivered  to  the 
peritoneal  surface  of  the  intestine  differed 
materially  from  that  delivered  to  the 
mucosa.  In  studying  this  point,  two  squares 
measuring  3  in.  on  a  side  were  marked  off 
on  the  flank  of  a  large  brindle  dog,  and  at 
the  time  of  exposure  a  freshly-opened 
piece    of    small     intestine     from     another 


animal  was  laid  across  the  mid-portion 
of  each  area.  Doses  of  100  and  150  ma. 
min.  were  applied  to  the  two  areas.  At 
the  end  of  eleven  days,  there  was  a  definite 
reaction  over  each  square,  but  there  was 
no  detectible  difference  made  out  between 
the  erythema  of  the  skin  that  had  been 
covered  by  intestine,  and  that  which  had 
not  been  covered.  Figure  3  illustrates  the 
results  obtained. 

From  these  obser\'ations  it  seems  fair 
to  assume  that  the  filtering  effect  of  the 
intestinal  wall  is  too  small  to  be  taken 
into  account,  and  that  the  dose  delivered 
to  the  skin  in  the  following  experiments  is 
practically  the  same  as  that  deli\ered  to 
the  intestinal  mucosa. 

All  the  dogs  submitted  to  operation 
received  the  same  preparation.  The  skin 
of  the  operative  field  was  shaved  and 
cleansed  with  soap  and  water  and  J4 
gr.  of  morphia  and  ifoo  gr.  of  atropin 
sulphate  were  given  subcutaneously  about 
three  hours  before  beginning  the  procedure. 
The  medication  provoked  actne  emesis, 
defecation  and  urination,  and  was  of  great 
value  in  that  the  intestines  were  almost 
completely  emptied.  An  operating  table 
was  set  up  in  the  v-ray  laboratory,  so 
that  there  was  little  delav  in  carrying  out 
the  whole  procedure.  Ether  anesthesia 
was  used  for  each  experiment,  and  all 
precautions  were  taken  to  provide  the 
most  perfect  asepsis  possible.  No  iodine, 
bichloride  of  mercury  or  other  irritants 
were  used.  The  skin  was  sterilized  \\ith 
70  per  cent  alcohol.  This  eliminates  anv 
skin  sensitization. 

In  our  laboratory,  the  "erythema  dose" 
for  the  human  skin  as  used  in  the  treatment 
of  cutaneous  malignancy  is  taken  to  be 
25  ma.  min.  for  the  settings  adopted  for 
this  in\estigation.  It  was,  therefore, 
thought  advisable  to  study  first  the  eflect 
of  this  dose  on  the  dog's  intestine.  The 
abdomen  of  a  medium-sized  female  dog 
was  opened.  A  sterile  shield  of  lead  foil 
was  placed  t)\er  the  dog's  body,  so  that  a 
square  hole  measuring  2]i  in.  on  a  side 
lay  over  the  incision.  A  loop  of  ileum 
measuring  12^  in.  in  length  was  brought 
up  through  the  hole  in  the  shield  and  spread 
out  oxer  a  la\er  of  gauze  moistened  in 
warm  normal  salt  solution.  A  second  thin 
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layer  of  moist  gauze  was  placed  o\'er  the 
loop,  to  prevent  drying.  The  edges  ot  the 
wound  were  clipped  together  temporarily, 
so  that  there  was  a  small  area  of  skin 
directly  exposed  in  the  upper  half  of  the 
hole  in  the  shield.  The  appearance  of  the 
operative  field  is  shown  in  Figure  4.  The 
x-ray  tube  was  swung  o\'er  the  intestinal 
loop  and  a  dose  of  25  ma.  min.  administered. 
Following  this  procedure,   sutures   were 


surface  or  in  the  mucosa.  The  findings 
are  illustrated  in  Figure  5.  The  human 
"erythema  dose"  is  therefore  too  small  to 
be  of  value  in  these  experiments. 

Seventy-five  ma.  min.,  the  minimum 
erythema  dose,  was  selected  for  the  next 
experiment.     A     medium-sized     dog    was 


Fic.  3.  Areas  over  parts  of  which  strips  of  fresh  intestine 
were  placed  before  exposure.  Note  the  uniformity 
of  the  reaction. 


placed  in  the  mesentery  at  the  ends  of  the 
exposed  loop,  as  markers,  the  intestine 
was  dropped  back  into  the  abdominal 
cavity  and  the  incision  closed.  The  abdo- 
men  was   bandaged   and   the   animal  was 


Fig.  4.  The  operative  field  just  after  the  intestinal  loop 
was  drawn  through  the  lead  foil  shield.  A  thin  piece 
of  wet  gauze  was  placed  over  the  intestine  before 
radiation  was  begun. 

subjected  to  the  same  operative  pro- 
cedure as  that  described  above,  except  that 
the  loop  of  intestine  exposed  measured  i73>-2 
in.  in  length,  and  included  the  lower 
jejunum  and  upper  ileum.  The  dog  made 


Fig.  5.  Open  strip  of  intestine  and  area  of  skin  which 
received  25  ma.  min.  There  is  no  abnormality 
visible. 

placed  in  a  clean  cage.  After  two  days  the 
bandages  were  removed.  At  the  end  of  three 
weeks  the  skin  showed  no  evidence  of  a 
reaction  and  the  dog  appeared  to  be  in 
excellent  condition.  Autopsy  was  per- 
formed. The  exposed  loop  showed  no 
gross    abnormality,  either    on    the    serous 


Fig.  6.  Exposed  strip  of  small  intestine  and  skin  area 
which  received  75  ma.  min.,  the  minimum  erj'thema 
dose  for  a  dog. 

an  excellent  recovery.  A  slight  stitch 
infection  caused  the  skin  about  the  wound 
to  remain  moist  during  the  first  ten  days. 
A  faint  erythema  was  observed  on  the 
eighth  day  over  the  exposed  skin  area. 
On  the  twelfth  day,  this  region  showed  a 
deep  red  color.  On  the  seventeenth  day. 
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the  red  color  was  observed  to  be  fading, 
and  on  the  twentieth  day,  no  sign  of  the 
skin  reaction  could  be  made  out,  except 
an  alopecia  over  the  exposed  area.  At 
the  end  of  three  weeks  autopsy  was  per- 
formed. The  dog  was  very  active  and 
appeared  to  be  in  the  best  of  health  during 
the  time  of  observation.  No  vomiting  or 
diarrhea  had  been  observed. 

On  opening  the  abdomen,  the  exposed 
loop  could  be  identified  by  the  smoothing 
out  of  the  circular  convolutions  observed 
in  the  normal  intestine,  and  also  by  a 
hyperemia  due  to  the  injection  of  the 
subserous  Aessels.  However,  the  most 
striking  change  was  the  marked  shortening 
ot  the  loop.  The  distance  between  the 
markers  was  just  634  i"-.  whereas  at  the 
time  of  exposure,  this  distance  measured 


Fig.  7.  External  appearance  of  loop  of  intestine  receiv- 
ing 100  ma.  min.  tlircc  weeks  after  exposure. 

17^4  in.  The  contraction  of  the  skin  when 
subjected  to  an  erythema  dose  was  de- 
scribed by  one  of  us  in  a  previous  paper. ^ 
Contraction  appears  to  be  an  outstanding 
feature  of  roentgen-ray  reactions. 

When  the  loop  was  laid  open,  a  patho- 
logical picture  of  such  severity  was  re- 
\ealed  that  it  seemed  hard  to  believe  that 
this  animal  had  been  symptom-free.  With 
the  exception  of  an  elongated  patch  near 
the  mid-portion  of  the  exposed  region,  the 
vehety  appearance  produced  by  the  villi 
was  absent.  The  inner  surface  of  the  intes- 
tine was  smooth  and  dark  red  in  color. 
Most  of  the  epithelial  layer  had  dis- 
appeared in  the  discolored  areas.  The 
limits  ot  the  roentgen-ray  effect  were 
sharply  demarcated  at  the  ends  of  the 
loop.  There  w as  no  e\idence  of  hemorrhage 
into  the  hinu-n  nf  the  bowel,  which  showed 


normally  colored  contents.  The  diameter 
of  the  lumen  of  the  intestine  was 
diminished.  The  appearance  of  the  exposed 
bowel  and  the  excellent  condition  of  the 
skin  of  the  exposed  area  (marked  off  with 
a  skin  pencil)  are  shown  in  Figure  6. 
Obviously,  the  minimum  dose  producing 
erythema  of  the  dog  skin  produces  con- 
siderable damage  to  the  small  intestine 
of  the  animal. 

A  small  white  dog  was  next  subjected 
to  a  similar  procedure,  except  that  a  loop 
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Fig.  8.  Low-power  view  of  longitudinal  section  of 
intestinal  wall  from  exposed  loop  siiown  in  Figure  7. 
Note  the  complete  desquamation  of  epithelium 
over  the  involved  region. 


of  small  intestine  measuring  5  in.  in 
length  was  subjected  to  a  dose  of  100 
ma.  min.  The  animal  recovered  promptly, 
and  remained  in  perfect  condition  without 
showing  any  symptoms,  for  three  weeks. 
At  the  end  of  that  time  an  autopsy  was 
performed.  The  exposed  loop  could  be 
identified  because  of  its  contraction,  hyper- 
emia and  smooth  appearance.  It  measured 
just  2' 2  i'l-  in  length  and  showed  consider- 
able subserous  injection  of  blood-vessels. 
The  external  appearance  of  the  loop  is 
shown  in  Figure  7.  When  the  intestine 
was  opened,  the  greater  portion  of  the 
epithelium  in  the  exposed  area  was  found 
to  be  absent,  and  that  which  remained 
was  in  a  necrotic  condition.  The  denuded 
areas    were    quite    smooth,   and   dark  red 
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in  color.  The  margins  of  the  involved 
region  were  very  sharply  detmed. 

Figure  8  shows  a  very  low-power  view  of 
a  longitudinal  microscopic  section  extend- 
ing from  the  normal  into  the  abnormal 
intestine.  The  abruptness  with  which  the 
mucosa  stops  Is  strikingly  shown.  The 
submucosa  Is  considerably  thickened,  and 
shows  much  white-cell  Infiltration.  The 
muscle  bundles  in  the  wall  of  the  Intes- 
tine show  vacuolization,  and  are  therefore 
also  damaged  by  the  exposure.  There  are 
no  definite  changes  made  out  in  the  blood- 
vessels. 

A  large  pregnant  bulldog  was  selected 
for  the  application  of  the  dose  of  150  ma. 
min.  Ten  and  one-half  Inches  of  the  small 
Intestine  were  exposed.  The  upper  end  of 
the  uterus  lay  within  the  field  of  exposure. 
At  the  end  of  ten  days,  the  animal  appeared 


out.  There  was  no  tendency  toward 
abortion  during  the  two  weeks  of 
observation. 

The  most  puzzling  feature  of  all  these 
experiments  was  the  good  condition  of  the 
animals,  which  persisted  up  to  the  time 
of  autopsy.  The  work  of  Warren  and 
Whipple  had  led  us  to  believe  that  x-ray 
damage  to  the  intestinal  epithelium  would 
cause  death  within  four  days.  It  was 
thought  wise  to  repeat  the  above  experi- 
ment and  keep  the  animal  as  long  as 
possible,  in  order  to  study  the  end  results. 
A  medium-sized  black  dog  was  selected 
and  a  dose  of  150  ma.  min.  administered 
to  a  loop  of  small  Intestine  qJ^^  In.  long. 
There  were  no  symptoms  at  the  end  of 
two  weeks,  but  at  the  end  of  sixteen  days 
the  animal  refused  food  and  began  to 
lose  weight  and  to  go  down  hill  rapidly. 


Fig.  9.  External  appearance  of  intestinal  loop  two  weeks 
after  receiving  a  dose  of  150  ma.  min.  Note  the 
skin  control  just  below  the  incision.  The  smoothing 
out  of  the  involved  region  is  the  most  striking  change. 

to  be  in  excellent  condition,  and  there  was 
a  definite  erythema  over  the  small  portion 
of  skm  which  was  used  as  an  indicator.  At 
the  end  of  two  weeks,  the  animal  showed 
no  symptoms  vyhatsoever,  but  autopsy  was 
decided  upon. 

The  skin  area  showed  a  shallow  ulcera- 
tion at  that  time.  On  opening  the  abdomen, 
the  loop  could  be  identified  by  its  smooth 
appearance  and  by  the  blood-vessel  Injec- 
tion, as  In  the  previous  experiments.  It 
measured  5  In.  In  length.  On  opening  the 
intestinal  tube,  the  exposed  region  was 
found  to  possess  a  smooth  red  Inner 
surface,  over  which  there  was  no  trace  of 
an  epithelial  covering.  The  striking  appear- 
ance is  shown  In  Figure  10.  The  decreased 
diameter  of  the  lumen  can  be  easily  made 


Fig.  :o.  An  opened  portion  of  the  loop  shown  in  Figure 
9.  The  complete  loss  of  epithelium  and  the  contrac- 
tion of  the  invoKed  area  are  well  show n. 

At  the  end  of  nineteen  days,  the  dog's 
condition  was  so  bad  that  autopsy  was 
decided  upon.  The  findings  were  practically 
the  same  as  those  described  above,  for  a 
dose  of  150  ma.  min.  The  loop  measured 
4  in.  In  length  and  showed  complete 
desquamation  of  epithelium.  The  emaci- 
ated condition  of  the  animal  Is  shown  In 
Figure  11,  and  the  appearance  of  the 
intestinal  loop  In  Figure  12. 

These  findings  seem  to  Indicate  that 
double  the  minimum  erythema  dose  Is 
rapidly  fatal.  It  is  to  be  regretted  that 
lack  of  time  prevented  our  observing  the 
effects  of  the  smaller  doses  over  longer 
periods.  It  seems  fair  to  assume  that  the 
milder  reactions  would  finally  produce  a 
stenosis,  even  though  no  toxic  symptoms 
appeared. 


i8 


Intestinal  Reaction  to  Ervthema  Dose 


These  experiments  bring  out  certain 
points  of  interest.  For  instance,  it  seems 
evident  that  it  would  be  impossible  to 
deli\'er  a  minimum  erythema  dose  into  the 
abdomen  of  a  dog  without  injuring  the 
intestine.  Unfortunately,  the  experiments 
cannot  be  directly  applied  to  the  human 
body,  since  there  is  no  way  of  comparing 
the  sensitiveness  of  the  human  intestine 
with  that  of  the  dog.  If  all  the  portions  of 
the  dog's  body  possess  the  same  relative 
degree  of  sensitiveness  to  the  rays  that 
has  been  observed  in  the  human  body,  then 
these  animal  experiments  seem  to  prove 
that  no  erythema  dose  can  be  delivered 
into  the  abdomen  without  producing  intes- 
tinal damage.  They  also  suggest  that  a 
certain  degree  of  damage  to  the  small 
intestine  is  compatible  with  life.  E\"idenc 


led  to  coniecture  that  possibly  the  "roent- 
gen cachexia"  observed  in  human  beings 
may  have  a  similar  origin.  The  causes  of 
this  cachexia  are  uncertain.  Is  it  due  to  a 
toxemia,  to  diminished  food  intake,  or  to 
diminished  digesti\'e  power  secondary  to 
the  intestinal  lesions?  Perhaps  other  factors 
are  involved.  Further  analytical  work  is 
required  to  answer  these  questions. 

We  wish  to  acknowledge  the  valuable 
assistance  of  Dr.  B.  F.  Hambleton  in  the 
operative  work  and  of  Di .  G.  C.  Caldwell 
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Fig.  II.  Giv;it  cmaci.ition  of  animal  nineteen  days  after 
receiving  150  ma.  min.  over  a  single  loop  of  small 
intestine.  This  condition  resembles  the  roentgen 
cachexia  observed  clinically. 

oi  a  more  convincing  nature  can  be 
obtained  at  the  autopsy  table.  Let  us 
suggest  that  the  intestine  be  carefully 
examined,  where  cases  that  have  received 
ultra  deep  therapy  over  the  abdomen  come 
to  autopsy.  It  is  not  suilicient  to  stud\ 
the  serous  surfaces,  since  the  maximum 
damage  occurs  in  the  mucosa.  All  the 
loops  in  the  exposed  region  should  be 
opened. 

The  term  "roentgen  cachexia"  has 
been  appearing  in  the  foreign  literature 
for    some    time.     It    seems    that    certain 

Eatients  become  much  emaciated  after 
eing  subjected  to  heavy  doses  of  .v-rays 
as  administered  in  Europe.  After  studyino- 
the  emaciation  produced  in  guinea  pigs, 
rabbits  and  dogs  by  heavy  doses  of  rays 
delivered  over  the  abdomen,  we  have  been 


I  !'■■  1-^  <  )|)ened  section  of  expo-^eil  itxip  of  intestine 
Irom  tloji  shown  in  Figure  1 1.  The  control  skin  reac- 
tion is  seen  just  below  the  folded  towel.  The  des- 
quamation of  epithelium  over  tlic  involved  area  is 
complete. 


ill    the    post-mortem    studies 
the  preparation  of  this  paper. 
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The  Technique  of  Roentgenological 

2.  The  minimum  erythema  dose  for  the 
dog's  skin  when  applied  directly  to  the 
dog's  intestine  produces  hyperenria, 
marked  contraction  in  all  directions  and 
destruction  and  desquamation  of  the 
mucosa. 

3.  Bloody  diarrhea,  ulceration,  perfora- 
tion and  stenoses  occurring  in  patients 
subjected  to  ultra  deep  therapy  for  abdom- 
mal  tumors  may  be  due  to  direct 
intestinal  injury. 

4.  Roentgen  cachexia  is  possibly  due  to 
the  same  cause. 
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5.  Intestmal  damage  in  dogs,  resulting 
from  direct  radiation,  does  not  always 
produce  an  early  death. 
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IMPORTANT  POINTS  IN    THE   TECHNIQUE   OF   ROENT- 
GENOLOGICAL EXAMINATIONS  OF  THE 
URINARY  TRACT* 


BY   BERNARD   H.   NICHOLS,   M.D. 

Cleveland  Clinic 


CLEVELANT),    OHIO 


During  the  past  twenty  years,  the 
development  of  new  methods  and  instru- 
ments has  led  to  an  increasing  accuracy  in 
the  diagnosis  of  diseases  of  the  genito- 
urinary tract.  The  greatest  single  achieve- 
ment was  perhaps  the  invention  of  the 
cystoscope,  by  means  of  which  patholog- 
ical conditions  of  the  bladder  can  be 
visualized.  Catheterization  of  the  ureters 
followed  the  introduction  of  the  cystoscope, 
and  in  1906,  Volker  and  Von  Lichtenberg 
reported  the  first  successful  injection  of  an 
opaque  substance  into  the  ureter  and 
kidney  pelvis,  thus  making  possible  the 
development  of  one  of  the  most  valuable 
diagnostic  aids  in  identifying  pathological 
conditions  of  the  genitourinary  tract. 

The  next  great  advance  we  point  to 
with  pride  because  it  was  developed  by 
our  president.  In  1919,  Dr.  Stewart  and 
Dr.  Stein  perfected  the  technique  and 
introduced  pneumoperitoneal  examinations 
in  this  country.  This  was  an  important 
advance.  By  this  measure,  accurate  vis- 
ualization of  the  kidneys  may  usually 
be  made,  and  their  size,  shape  and  position 
determined.  It  is  also  of  the  utmost 
value  in  diagnosing  tumor  of  the  kidney, 
particularly  when  we  are  in  doubt  as  to 
the  origin  of  a  tumor  mass  in  the  region 
of  the  kidnev. 


Dr.  Carelli  of  Buenos  Aires  further 
developed  the  technique  of  gas  inflation, 
and  by  his  method  of  perirenal  injection 
the  kidney  rnay  be  well  visualized.  This 
is  of  particular  value  in  cases  in  which 
we  wish  to  show  the  upper  pole  of  the 
kidney  and  the  suprarenal  glands. 

When  a  case  is  referred  to  the  roent- 
genological laboratory  for  examination, 
diagnostic  plates  should  be  made  of  the 
entire  genitourinary  tract.  We  often  have 
patients  referred  to  us  for  confirmation  of 
a  pre\ious  diagnosis  of  calcuKis  in  one  or 
the  other  ureter.  Often  such  a  patient  has 
with  him  roentgenograms  showing  the 
suspected  shadow  in  the  ureteral  area. 
These  may  be  of  good  diagnostic  quality, 
and  we  may  make  another  of  this  same 
area  which  corresponds  to  those  brought 
by  the  patient  (Fig.  i).  Nevertheless, 
these  plates  do  not  give  sufficient  data  on 
which  to  base  a  diagnosis. 

A  complete  examination  of  the  entire 
genitourinary  tract  should  be  made  in 
every  case.  Often  another  calculus  may  be 
found  in  the  kidney  on  the  same  side  as 
the  ureteral  calculus  (Fig.  2,  a  and  b); 
or  one  may  be  present  on  the  opposite  side. 
Such  information  is  of  the  utmost  impor- 
tance to  the  surgeon  before  an  operative 
procedure    is    undertaken.    The    presence. 
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size  and  sliape  of  both  kic!ne\s  should  be 
determined  in  every  case  which  presents 
symptoms  indicating  a  possible  patholog- 
ical condition  in  the  genitourinary  tract. 
The  outhne  of  the  liver  should  be  definitely 
determined,  as  an  enlarged  liver  or  an 
elongation  of  a  single  lobe  may  easily 
be  mistaken  for  a  movable  kidney  (Fig.  3). 
A  careful  and  complete  clinical  history, 
with  a  microscopical  examination  of  the 
urine  should  be  made  in  every  case,  as  this 
will  often  guide  us  to  the  proper  technical 
procedure  whereby  we  may  reach  a  correct 
diagnosis.  In  the  absence  of  calculus, 
a  history  of  pain,  together  with  its  charac- 
ter and  duration,  mav  indicate  a  floating 


out  in  collaboration  with  a  competent 
urologist.  The  point  which  I  wish  to 
emphasize  is  the  importance  of  a  careful 
analysis  of  the  clinical  and  laboratorv 
findings  as  a  guide  to  our  technical  pro- 
cedure; a  report  of  negative  findings  from 
the  roentgenologist  often  gives  the  referring 
physician  or  surgeon  a  wrong  impression, 
with  the  result  that  he  may  make  no 
further  investigation  of  the  case.  It  is, 
therefore,  evident  that  the  roentgenologist 
should  eliminate  the  possibility  of  any 
pathological  condition  which  is  demon- 
strable by  a  roentgenological  examination, 
and  that,  in  each  case,  he  select  a  suitable 
technique  to  accomplish  this  purpose. 


Fic.  I.  Calculi  in  the  left  ureter 


kidney,  a  tumor,  or  an  intermittent 
hydronephrosis,  which  is  often  overlooked, 
and  the  patient  submitted  to  operation  for 
chronic  appendicitis  or  a  gall-bladder 
lesion,  without  resultant  relief.  Not  only 
can  hydronephrosis  be  definitely  diagnosed 
by  pyelography,  but  often  the  cause  also 
can  be  determined,  and  therefore  failure 
to  diagnose  or  eliminate  this  condition 
demonstrates  a  poor  technique  on  the  part 
of  the  roentgenologist. 

Bacilluria  and  the  type  of  bacteria 
present  in  the  urine,  or  hematuria,  or  a 
combination  of  these  clinical  findings  are 
often  the  factors  which  determine  what 
technique  should  be  followed  in  further 
efforts  to  determine  the  nature  of  the 
pathological  condition. 

All  these  examinations  of  the  kidney, 
the  ureter  and  the  bladder  arc  best  carried 


Fig.  20.  Calculi  in  the  ureter  and  in 
the  kidney  on  the  same  side. 

Our  present  technique  for  the  first 
examination  of  the  genitourinary  tract 
is  as  follows:  The  patient  is  examined 
without  any  previous  preparation.  If  a 
suspicious  shadow  is  found  at  this  first 
examination,  the  patient  is  given  a  thor- 
ough preparation  by  catharsis  followed  by 
an  enema,  and  the  second  examination  is 
made.  Castor  oil  is  not  used  as  a  cathartic, 
as  it  produces  considerable  gas  in  the 
intestines,  which  usually  interferes  with 
the  visualization  of  the  kidneys. 

If  no  shadow  is  found  in  the  second 
examination,  we  can  conclude  that  the 
one  seen  at  the  first  examination  was  an 
enterolith  or  some  opaque  substance  in  the 
intestinal  tract. 

All  kidney  examinations  are  made  on 
14  X  17  duplitized  films  with  double 
screens,    and    a    Potter-Bucky   diaphragm 
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jj  k\.  20  ma.  at  a  distance  ot  25  in., 
the  time  of  exposure  being  governed  by 
the  size  of  the  patient.  Deep  compression 
by  means  of  an  inflated  rubber  bag  is 
always  used,  and  the  tube  remains  over 
the  center  of  the  diaphragm  without 
tilting.  Two  tihiis  are  used;  on  one,  the 
crest  of  the  ihum  is  placed  i  in.  above 
the  center  of  the  fdm  (Fig.  4),  thus  giving 
a  complete  \iew  of  the  bladder  and  ureters; 
on  the  other,  the  crest  of  the  ilium  is  placed 
I  in.  below  the  center  of  the  film  thus 
showinsj,    both    kidnevs   and    both   ureters 


We  wish  here  to  express  our  appreciation 
of  Dr.  Potter's  perfection  of  the  Bucky 
diaphragm,  which  has  made  possible  the 
development  of  this  technique. 

If  a  shadow  is  seen  in  the  kidney  area, 
which  we  believe  to  be  a  calculus,  it 
should  be  determined  whether  it  lies  in  the 
kidney  pelvis  or  in  the  cortical  substance 
of  the  kidney.  This  may  necessitate  the 
making  of  a  pyelogram.  If  the  calculus  is 
outside  of  the  kidney  pelvis,  it  will  be 
easily  seen;  if  within  the  kidney  pelvis, 
it  will  probably  be  obscured  by  the  opaque 


Fig.  26.  Ca 


in  the  left  kidney  and  calciilu 
right  kidnev. 


(Fig.  5).  This  same  technique  is  used  in  all 
kidney  examinations. 

We  are  trying  a  curved  cassette  which 
brings  the  kidney  close  to  the  film,  and 
also  brings  the  portion  of  the  film  which  is 
under  the  kidney  closer  to  the  tube  than 
that  portion  which  is  under  the  spine, 
thus  giving  the  kidney  relatively  more 
exposure  than  the  spine.  We  are  experi- 
menting also  with  a  new  type  of  film  coat- 
ing which  approaches  a  portrait  emulsion 
and  gives  details  of  the  soft  shadows 
which  are  brought  out  still  more  by 
developing  the  films  in  solutions  which 
contain  a  relatively  small  proportion  of 
bromides. 


Fig.  3.  Elongated  liver  lobe  which,  on  palpation,  feels 
like  a  displaced  kidney. 

iniection.  This  information  is  important 
to  the  surgeon,  as  he  will  be  guided  in  his 
operative  procedure  by  approaching  the 
kidney  at  the  most  advantageous  point  for 
removal  of  the  calculus. 

A  suspicious  shadow  in  the  ureteral 
area  of  either  side  should  be  checked  by 
catheterization  of  the  ureters  with  an 
opaque  catheter,  and  films  made  at  two 
different  angles,  to  determine  the  prox- 
imity of  the  shadow  to  the  catheter  which 
represents  the  lumen  of  the  ureter. 

I  wish  to  emphasize  the  importance  of 
the  technique  in  this  particular  type  of 
case.  Usually,  if  the  shadow  is  found  to  be 
in   contact  with  the  catheter  in  each  of 
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Fig.  4.  Position  of  the  film  with  relation  to  the  crests 
of  the  ilia  for  examination  of  the  bladder  and  ureter. 


Fig.  5.  Position  of  the  tilm  with  relation  to  the  crests 
of  the  ilia  for  examination  of  both  kidneys  and  ureters 
— polycystic  kidneys. 


Fig.  6a.  Suspicious  shadow   in   the  lower  left  ureter.       Fig.    66.    Catheter    in    place   showing   the   suspicious 

shadow  apparently  outside  of  the  ureter.  Same  case 
as  shown  m  Fiijure  6(i. 
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two  positions,  we  feel  reasonably  sure 
that  the  presence  of  a  ureteral  stone  is 
indicated.  In  the  case  of  a  small  calcified 
gland  below  the  ureter,  one  anterior 
posterior  plate  of  the  catheterized  ureter 
may  show  a  shadow  directly  in  contact 
with  the  catheter.  Another  exposure 
giving  a  marked  oblique  or  lateral  view, 
however,  may  disclose  a  considerable  space 
intervening  between  the  shadow  and  the 


them  (Fig.  6,  a  and  h).  With  a  problem 
of  this  kind,  a  ureterogram  should  be 
made  which  will  give  the  exact  size  of  the 
lumen  of  the  ureter,  with  the  extent  of 
dilatation,  and  usually  the  point  of  con- 
striction (Fig.  7,  a  and  h).  This  method 
is  much  more  accurate  than  the  waxed- 
tip  catheter,  which  may  be  introduced 
into  the  dilated  ureter,  and  at  no  time 
come  into  contact  with  the  calculus. 


Fig.   ya.   Injected  ureter  showing  large  hydro-ureter.     Ureter  contains 
both  catheter  and  calculus.     Same  case  as  shown  in  Figure  6a.; 


Fig.  -jh.  Injected    ureter   and    kidney, 
shown  in  Figure  6a,  after  removal. 


catheter,  a  finding  which  will  usually  rule 
out  a  calculus.  But  even  a  second  plate  is 
not  sufficient  in  all  cases.  Frecjuently, 
particularly  in  the  case  of  a  large  calculus, 
the  ureter  becomes  dilated  from  over- 
distention  due  to  obstruction.  This  dis- 
tention may  be  enormous,  so  that  the 
ureter  may  measure  more  than  an  inch  in 
diameter.  With  this  type  of  case,  both  the 
catheter  and  calculus  may  be  in  the  ureter, 
with     a     considerable     distance     between 


When  examination  of  the  films  shows 
no  evidence  of  calculus,  we  should  report 
that  the  roentgenological  findings  are 
negative  to  calculus;  but  to  this  report  we 
should  add  the  statement  that  in  a  small 
per  cent  of  cases,  calculi  may  be  present 
in  the  ureter  or  kidney  which  will  not  be 
seen  on  the  roentgenograms.  We  believe 
that  in  some  cases,  this  lack  of  visibility 
is  due  to  the  small  size  of  the  calculus,  and 
in  other  instances,  to  their  chemical  com- 
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position.  A  review  of  a  recent  series  of  54 
cases  which  were  operated  upon  by  Dr. 
W.  E.  Lower  shows  that  in  one  case — or  1.8 


Fig.  8a.  Hydronephrosis  vviili  kinked  ureter. 

per  cent — the  calculus  did  not  show  on  the 
roentgenogram. 

The  visibility,  size,  shape  and  position 


of  the  kidneys  should  be  included  in  every 
report,  together  with  spinal  lesions  or  any 
other  pathological  condition  of  adjacent 
organs  which  may  in  any  way  account  for 
the  patient's  symptoms. 

If  all  the  findings  are  negative,  the 
clinical  symptoms  and  history  should  be 
carefully  analysed  in  consultation  with  the 
urologist,  and  a  further  study  of  the  case 
should  be  made. 

Catheterization  of  the  ureter  on  the  side 
on  which  the  patient  complains  of  pain, 
and  injection  of  the  kidney,  pelvis  and 
ureter  with  sodium  iodide  solution  to 
determine  the  possibility  of  hydronephrosis 
(Fig.  8,  a,  b  and  c),  hydro-ureter  (Fig.  9), 
deformed  kidney  pelvis  (Fig.  10,  a  and  b), 
obstruction  or  kinks  in  the  ureter  (Fig. 
II,  a  and  5),  should  be  done  in  cases  with 
suggestive  clinical  symptoms.  We  have 
found  a  20  per  cent  solution  of  sodium 
iodide  to  be  the  most  satisfactory  solution 
for  pyelography.  In  our  clinic,  all  this 
work  is  done  in  the  urological  section  under 
the  supervision  of  Dr.  W.  E.  Lower.  The 
injections  are  made  by  the  syringe  method, 
and  only  one  side  is  injected  at  a  single 
examination. 

Films  are  made  first  after  the  passage 
of  the  catheter;  then,  after  injection  of  the 
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kidney   pelvis   or    ureter,    another    fihn    is      iilm   is   made.   This   hist   position  gives   a 
made  with  the  catheter  still  in  place.  The     splendid  outline  of  the  kidney  pelvis  and 

ureter  and  allows  a  kinked  ureter  to  assume 
a  position  corresponding  to  that  which  is 
present  when  the  patient  has  an  attack. 
Many  cases,  however,  have  a  dilated 
ureter,  or  a  ureter  devoid  of  its  normal 
musculature;  and  when  the  patient  is 
placed  in  the  upright  position,  the  solution 
immediately  flows  into  the  bladder,  so 
that  the  film  will  give  us  no  information, 
but  rather  appears  normal.  In  such  a 
case,  the  film  with  the  catheter  in  place 
and  the  patient  in  the  horizontal  position 
will  be  the  one  that  will  be  of  diagnostic 
\  alue. 

We  found  that  it  was  necessary  to  have 
a  practical  table  on  which  to  carry  out  this 
technique  (Figs.  12  and  13).  We  used, 
as  a  nucleus,  a  Young  cystoscopic  table,  to 
which  a  tube  stand  was  attached.  The 
top  of  the  table  was  removed  and  a  Potter- 
Bucky  diaphragm  built  into  the  table,  the 
whole  being  covered  by  a  sheet  of  alumi- 
num. A  30  ma.  radiator  type  tube  is  used 
with  a  small  transformer  on  the  wall.  This 
will  deliver  a  5  in.  spark  gap  at  20  ma., 
which  is  ample  for  all  cases.  Deep  com- 
pression   IS    made    by    an    inflated    rubber 


ibstriiotion   in   uri'tcr 
brim. 
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catheter  is  then  removed  and  the  patient 
placed  ill  an  upright  position  and  a  third 


Fig.  io«.  Di'lorrncd  l<idnev  pelvis  in  a  case  of  tunior  (if     Fi<;.    lo^.   Deldrrmd  kidney  pelvis  in  a  ease  of  pyonc- 
tlie  kidney.  pliiosis. 


26        The  Technit|Lic  of  Roentgenological   Examinations  of  the  Urinary  Tract 


Fig.  iia.  Kinkud  ureter  with  obstruction  by  calculus 
at  the  lower  end.  The  film  was  made  with  the  patient 
in  the  upright  position. 


Fig.  iih.  Kinked  ureter 


I'IG.    12.  Cystoscopic  table  with  attaehe<i   tube  stan 
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bag  and  web  belt.  This  table  is  in  the 
urological  section,  and  is  used  daily  tor 
ordinary  cystoscopic  examinations. 

SUMMARY 

The  important  points  in  the  technique 
of  roentgenological  examinations  of  the 
urinary  tract  which  I  have  endeavored  to 
point  out  are  the  following: 

I.  That  the  entire  urinary  tract  should 
be  examined  in  all  cases. 


4.  That  a  con\enient  and  practical  table 
with  a  Potter-Bucky  diaphragm  is  essential. 

DISCUSSION 

Dr.  J.\ches.  I,  for  one,  am  very  much 
indebted  to  Dr.  Nichols  for  having  presented 
this  paper.  It  seems  that  discussions  on  deep 
therapy,  diagnoses  of  chest  conditions,  and 
possibly,  also,  diagnoses  of  gastrointestinal 
tract  conditions  ha^■c  occupied  us  so  much  that 
we  have  forgotten  tliat  there  is  a  genitourinary 


13.  Cystoscopic  tabic  showing 


2.  That  catheterization  of  the  ureters 
with  an  opaque  catheter  will  not  determine 
the  character  or  position  of  all  suspicious 
shadows  in  the  ureteral  area,  but  further 
study  should  be  made  by  means  of 
ureterograms. 

3.  That  in  pyelograms  made  in  the 
upright  position,  there  is  the  possibility 
that  the  solution  may  pass  quickly  through 
a  patulous  ureter  into  the  bladder;  hence, 
an  examination  should  be  made  in  the 
horizontal  position  also. 


tract.  I  have  seen  very  few  papers  presented  on 
the  subject  lately.  Dr.  Nichols'  paper  has 
covered  the  subject  so  fully  that  I  have  httle 
to  add,  and  will  limit  myself  to  asking 
questions. 

I  \\ant  to  say  that  a  point  well  taken  is  the 
statement  at  the  close  of  his  report  that 
the  roentgenological  examination  does  not 
present  evidence  of  calculus,  but  wliat  must  be 
borne  in  mind  is  that  a  small  percentage  of 
them  cannot  be  demonstrated  by  the  .v-ray. 

By  careful  urological  checkings  we  have  Seen 
able  to  demonstrate,  at  the  Mt.  Sinai  Hospital, 
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that  in  the  ureter  the  percentage  of  error  is 
sometliing  like  1 1  or  12.  The  Johns  Hopkins 
Hospital  percentage  has  once  been  reported 
as  liigh  as  25.  In  bladder  cases  the  percentage 
is  mucli  higher.  Fortunately,  in  bladder  cases, 
the  cystoscope  is  available  for  determining 
the  jiresencc  of  calculus. 

I  did  not  hear  Dr.  Nichols  speak  of  some  of 
the  sources  of  error.  Lately  there  have  come  to 
my  attention  two  cases.  In  one,  a  very  promi- 
nent roentgenologist  made  a  diagnosis  of  the 
presence  of  calculus  which  turned  out  to  be  a 
wart  on  the  back  of  the  patient.  Fortunately, 
this  was  checked  up  before  operation.  On  the 
other  hand,  it  sometimes  happens  that  the 
patient  has  a  wart  just  in  the  location  of 
the  calculus,  and  you  might  be  misled  into  the 
belief  that  the  shadow  which  was  present  was 
not  that  of  a  calculus,  but  due  to  that  particular 
wart. 

Some  years  ago,  a  patient  presented  himself 
to  me  who  had  a  scab  in  the  region  of  the 
kidney,  due  to  the  breaking  of  a  hot-water  bag. 
He  had  smeared  it  very  carefully  with  zinc 
oxide,  and  attempts  to  remove  it  led  to  much 
bleeding.  The  patient  was  submitted  to  the 
x-ray,  and  I  found  a  shadow  in  the  region  of 
the  right  kidney  pelvis,  corresponding  in  size 
and  shape  to  that  scab.  I  reported  that  a 
shadow  was  present,  but  in  view  of  the  scab 
on  the  back,  I  would  prefer  to  re-examine  the 
patient  after  it  had  come  off.  For  some  reason 
or  other,  the  patient  was  never  .\-rayed  again. 
Finally  the  surgeon  had  the  courage  to  operate, 
and  found  a  calculus  which  consisted  mainly  of 
uric  acid.  Now  I  am  not  so  certain  whether  it 
was  the  calculus  or  the  scab  which  was  shown 
on  the  roentgenogram. 

There  are  a  few  questions  I  would  like  to  ask. 
I  did  not  quite  hear  Dr.  Nicliols'  explanation 
for  making  his  first  examination  without 
preparation  of  the  patient.  I  lind  that  whenever 
the  patient  is  not  prepared,  the  whole  examina- 
tion is  futile — at  least  I  have  not  had  the 
courage  to  make  any  diagnosis  on  roentgeno- 
grams showing  intestinal  gas. 

Next  question:  How  much  does  he  gain  in 
taking  his  ureterograms  or  pyelograms  in  the 
upright  position,  considering  the  trouble  and 
inconvenience  to  the  patient?  In  the  several 
attempts  we  have  made,  we  might  have  been 
able  to  show  a  kink  a  little  more  distinctly, 
but,  nevertheless,  a  kink  in  the  ureter  shows  up 
in  the  horizontal  position. 

Dr.  Nichols  has  also  show  n  some  films  which 
were  taken  with  the  patient  in  the  jirone 
position.  This  is  a  very  good  point.  It  is  really 
necessary  to  make  roentgenograms  in  that 
particular  position  in  e\'ery  male  patient  over 


the  age  of  forty.  You  will  often  discover  a 
small  calculus  just  above  the  symphysis, 
particularly  if  you  incline  your  tube  so  as  to 
project  the  rays  upward  toward  the  umbilicus; 
in  many  cases  I  have  found  small  calculi  in  the 
prostate  which  were  hidden  by  the  symphysis 
in  the  other  view. 

Dr.  Edmonson.  I  think  it  is  quite  essential 
w  here  you  see  any  evidence  at  all  of  curvature 
in  the  ureter,  that  a  roentgenogram  be  taken 
in  the  erect  position.  I  have  had  a  number  of 
cases  of  curves,  especially  in  the  region  approxi- 
mating the  kidney,  where  the  erect  posture 
produced,  or  converted  them  into,  acute 
angulations. 

Dr.  Bowen.  Dr.  Nichols'  paper  is,  in  the 
first  place,  a  sort  of  monument  of  team  work. 
I  do  not  think  we  have  ever  seen  anj'  work  of 
this  quality  which  was  not  the  product  of  good 
team  work. 

The  use  of  this  type  table  has  interested  me 
considerably.  We  do  our  ureteral  work  in  the 
Pennsylvania  Hospital  by  having  the  patient 
catheterized  at  a  considerable  distance  from 
the  .v-ray  room  and  then  carted  down,  with 
more  or  less  unfortunate  results. 

I  was  particularly  interested  in  what  Dr. 
Nichols  said  about  reports.  I  think  we  ought  to 
stereotype  consistently  our  expressions,  espe- 
cially in  dealing  with  the  men  we  are  usually 
working  with.  Then  we  ought  not  to  forget, 
when  we  are  reporting  to  strangers,  to  be  sure 
we  are  talking  their  language.  \\  e  get  into  the 
habit  of  making  our  reports  brief  in  a  way  that 
our  own  groups  well  understand,  but  the  same 
words  may  be  misunderstood  by  a  stranger; 
especially  if  we  make  a  study  which  we  know 
is  incomplete,  we  must  not  fail  to  express  that 
fact  plainly  in  closing  the  report.  The  mere 
omission  of  a  few  words  may  make  the  report 
misunderstood. 

I  was  also  particularly  interested  in  the 
positions  Dr.  Nichols  uses.  We  use  stereoscopic 
plates  and  they  seem  to  answer  every  purpose. 
This  gives  two  positions,  but  they  are  more 
alike  than  his.  I  was  interested  to  see  the  uni- 
form posture  results  Dr.  Nichols  is  getting. 

One  question  I  would  like  to  ask  with  regard 
to  ureteral  cases  that  were  followed  by  the 
opaque  injection.  I  would  like  to  know  whether 
this  is  done  at  the  time  of  the  first  examination; 
whether  the  plate  is  developed  hurriedly  and 
the  examination  made  then,  or  at  a  second 
examination.  In  case  of  a  small  ureteral  stone 
I  lielieve  it  is,  possibly,  advisable  to  wait 
several  days,  because  very  frequently  these 
small  stones  do  pass  after  the  ureteral  catheter- 
ization, without  any  further  trouble  or 
manipulation. 
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Dr.  Imboden.  For  many  years  \vc  have  used 
the  stereoscopic  nietliod  in  examinations  of  tlie 
urinary  tract.  OccasionaUy  a  shadow  was  found 
in  the  kidney  region  which  was  difficult  to 
differentiate  from  bodies  other  than  those 
connected  with  the  urinary  tract.  We  have 
found  tliat  by  making  exposures  on  both 
inspiration  and  expiration  some  of  our  difli- 
culties  iiave  iseen  overcome.  For  instance,  if 
there  is  a  stone  in  tlie  kidney,  it  retains  its 
same  relative  position  to  the  kidney  on  fihiis 
that  are  made  on  full  expiration  and  inspira- 
tion, ijut  if  the  shadow  is  due  to  calcified 
gland  its  relationship  to  the  kidney  is  changed, 
but  not  that  to  the  spinal  column.  This  exami- 
nation does  not  pertain  to  the  ureters. 

Dr.  Stewart.  Would  Dr.  Nichols  give  us 
his  differential  points  on  the  diagnosis  of  cystic 
kidneys  by  means  of  the  pyelogram?  I  have 
always  hesitated  m  attempting  to  designate 
the  kind  of  pathology  present  from  the  roent- 
genographic  examination  alone.  There  are  some 
tuberculous  kidneys  with  a  great  deal  of 
deformity  and  contraction  and  the  presence  of 
abscess  cavities  which  can  be  recognized  by 
pyelography.  Cystic  kidneys,  however,  do  not 
give  any  characteristic  shadow;  consequently 
they  are  hard  to  recognize. 

A  number  of  years  ago  I  made  some  original 
investigations  and  found  that  there  was  a 
normal  excursion  to  the  kidney,  between  full 
expiration  and  inspiration,  of  about  2}^  to  2  in. 
and  that  one  could  easily  demonstrate  that  the 
kidney  descended  in  the  erect  position. 

My  experience  does  not  tally  with  that  of  Dr. 
Jaches.  In  a  number  of  cases  we  were  able  to 
demonstrate  a  kink  to  the  ureter  in  the  erect 
position,  which,  in  the  prone,  did  not  show 
nearly  as  well. 

Dr.  Hickey.  I  would  like  to  ask  Dr.  Nichols 
what  he  experienced  as  the  proper  method  of 
preparing.  I  understood  him  to  say  not  to  use 
castor-oil.  If  he  does  not  use  castor-oil,  what 
does  he  prefer? 

I  had  a  patient  who  had  a  large-sized  stone 
in  the  kidney.  I  picked  it  up  on  fluoroscopic 
examination  of  the  gastrointestinal  tract,  and 
I  thought  that  would  be  a  good  chance  to 
measure  the  excursion  of  the  kidney.  So  I  spent 
some  time  in  measuring  the  excursion,  and  I 
found  this  shadow  would  move  ]/'2  in.  during 
ordinary  respiration,  and  on  full  inspiration 
would  move  ij-'^  in.  This  was  quite  a  striking 
observation  to  me  at  the  time,  because  I  had 
not  thought  the  kidney  descended  so  far  with 
the  average  patient  in  the  course  of  respiration. 

Dr.  LeWald.  I  am  interested  in  Dr.  Nichols' 
table.  Recently  we  have  made  all  our  examina- 
tions of  the  urinary  tract  on  a  Potter-Bucky 


diaphragm  table.  In  order  to  give  a  tilt  to  the 
tai)le  we  have  added  an  elevating  mechanism 
which  I  will  illustrate. 

I  regard  tilting  of  the  patient  as  important 
in  making  pyelograms,  since  in  some  cases  of 
partial  double  ureters  we  may  in  this  way  cause 


Potter-Bucky  diaphragm  table  with  iKx.iliii.;  '.itiacli- 
nient    for    cystoscopic    use.    Also    can    be     used    for 
mastoid  and  sinus  work.  (A)  Holder  for  knee  sup- 
port; (B)  elevating  wheel. 

the  opaque  solution  to  run  into  the  bifid 
ureter,  if  the  patient  is  in  a  slightly  inverted 
position  with  the  head  lowered.  Of  course,  the 
reclining  or  vertical  position  is  equally 
important. 

Dr.  Childs.  In  reference  to  this  point  that 
Dr.  Flickej'  mentions  about  the  change  of 
position  of  the  kidney  in  respiration,  I  will 
state  that  in  conjunction  with  Dr.  Spitzer  of 
Denver,  a  series  of  cases  were  examined  to 
ascertain  the  normal  shape  of  the  pelvis  and 
calices  of  the  kidney,  and  in  these  observations 
plates  were  made  in  the  prone  and  erect  pos- 
ture, both  on  inspiration  and  expiration.  We 
examined  29  cases — cases  that  by  clinical 
evidence  as  well  as  by  the  radiological  findings 
appeared  normal.  We  found  in  these  that  the 
difference  in  excursion  from  full  expiration  to 
full  inspiration  varied  from  ^  to  I J '2  in. 

There  is  one  point  I  desire  to  mention  in  the 
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discussion  of  Dr.  Nichols'  paper,  \\  hich  paper  I 
consider  one  of  the  best  I  have  heard  on  this 
subject:  that  is,  if  an  operation  on  a  kidney  in 
which  a  calculus  has  been  definitely  located,  is 
to  be  postponed  for  two  or  three  days,  a  subse- 
quent examination,  just  prior  to  the  operation, 
should  be  made.  I  recall  one  case  in  which  two 
stones  were  demonstrated  in  the  right  kidnej', 
both  in  the  upper  calices.  A  few  days  later, 
these  stones  were  demonstrated  in  the  pelvis; 
still  a  few  days  later,  and  just  prior  to  the 
operation,  one  was  demonstrated  in  the  pelvis 
and  one  in  the  lower  calix,  and  in  the  latter 
locations  they  were  readily  found  by  the 
surgeon. 

Dr.  Nichols  (closing  discussion).  I  am  very 
grateful  for  this  general  discussion.  I  tried  to 
bring  these  points  out,  but  it  is  difficult  to  cover 
a  large  field  without  omitting  some  things  of 
importance. 

I  was  very  glad  to  hear  Dr.  Jaches  mention 
the  point  in  reference  to  warts  and  foreign 
bodies  on  the  surface  which  may  give  shadows 
simulating  stones  in  the  ureter  or  kidneys. 

In  regard  to  the  question  of  examination 
without  preparation:  I  would  not  say  that  is 
the  best  method  to  use,  but  that  is  the  method 
we  use  from  pure  necessity.  Most  of  our 
patients  present  themselves  from  quite  some 
distance,  and  are  perhaps  examined  that  day 
and  go  right  home.  For  this  reason,  we  com- 
menced It  as  a  routine.  It  is  best  to  prepare  the 
patient  beforehand,  if  you  can,  but  we  cannot 
do  that.  If  we  find  a  suspicious  shadow,  we 
have  the  patient  return. 

In  regard  to  the  use  of  castor-oil:  It  has  been 
my  experience  that  castor-oil  produces  an 
enormous  amount  of  gas  in  the  gastrointestinal 
tract.  We  prefer  saline  cathartic. 

The  question  of  upright  position  for  making 
pyelograms  has  been  fairly  well  answered.  The 
consensus  of  opinion  is  that  with  this  method, 
one  can  bring  out  kinked  ureters  that  cannot 
be  found  with  the  catheter  in  position. 

In  regard  to  Dr.  Bowen's  question  as  to 
injection:  We  usually  do  this  at  the  same  time 
that  we  do  the  examination,  without  develop- 


ing the  plate.  If  there  are  clinical  symptoms,  we 
simply  do  the  injection  at  the  same  time  while 
the  patient  is  on  the  table.  It  takes  only  a  few 
minutes. 

In  regard  to  the  point  about  Trendelenburg's 
position:  We  think  that  with  the  method  we 
use  of  injecting  the  kidney  and  ureter,  it  is  not 
necessary  to  put  the  patient  in  this  position. 
We  use  the  syringe  method  and  inject  until  the 
patient  feels  a  distinct  pain  inside.  I  think, 
if  one  IS  using  a  lesser  amount  of  solution,  one 
can,  by  the  gravity  method,  bring  out  points 
in  the  pelvis  and  ureter  that  one  cannot  get 
by  taking  the  picture  in  the  horizontal  position. 

With  reference  to  Dr.  Stewart's  comment  on 
the  polj'cystic  kidney:  As  I  stated,  that  case 
has  not  been  operated  upon,  and  I  may  be 
wrong.  The  patient  is  a  man,  perfectly  well, 
weighing  nearly  300  lbs.  He  complained  of 
some  disturbance  in  the  back.  Urine  showed 
nothing.  We  could  see,  well  outlined,  cystic 
areas  all  over  these  kidneys — upper  pole  and 
lower  on  both  sides.  We  concluded  by  the 
process  of  elimination,  that  it  was  a  polycystic 
kidney.  However,  we  may  be  in  error. 

Dr.  Childs'  point  in  regard  to  re-examining 
cases  when  operation  is  deferred,  is  well  taken. 
It  has  been  brought  home  to  all  of  us  that 
these  stones  have  a  peculiarity  of  changing 
position,  particularly  where  there  has  been 
dilatation  of  the  ureter  and  pelvis.  If  the 
patient  is  not  operated  upon  on  the  day  of 
examination,  he  should  be  examined  at  least 
very  shortly  before  operative  procedure  is 
undertaken. 

Dr.  Bowen  (after  Dr.  Nichols'  closing). 
I  want  to  say  a  word  with  regard  to  prepara- 
tion. I  have  a  very  definite  opinion  that  a 
properly  given  enema  is  the  proper  preparation. 
I  want  to  agree  with  Dr.  Nichols  and  go  a  little 
further  by  saying  that  I  would  rather  not  have 
the  patient  prepared  at  all  than  to  have  him 
prepared  with  castor-oil.  Fasting  and  repeated 
enemas  should  be  given  until  one  is  positive 
that  the  entire  colon  has  been  flushed.  We 
then  shall  not  have  gas  bubbles,  and  will  have 
the  patient  properly  prepared. 
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ANY  roentgenologist  who  has  not  degen- 
erated into  a  mere  technician — a 
skilful  hunter  after  fiUing  defects — must 
often  wish  he  could  interpret  more  clearly 
the  various  forms  of  gastric  peristalsis 
which  he  sees  on  the  screen.  He  knows  that 
they  are  atypical  and  perhaps  abnormal, 
but  the  waves  pass  so  rapidly,  and  so 
many  things  happen  in  different  places 
at  one  time,  that  he  cannot  be  sure  of  what 
he  has  seen.  Even  if  he  could  be  sure,  he 
would  not  be  able  to  tell  the  attending 
physician  what  it  was  ail  about,  and  where 
to  look  for  the  primary  cause  of  the  dis- 
turbance. Similarly,  years  ago,  when  I  was 
a  student  in  college,  a  heart,  no  matter 
how  badly  it  was  diseased,  was  uninterest- 
ing unless  a  big  murmur  could  be  made  out. 
Today  we  are  far  more  interested  in 
defects  of  impulse  origination  and  conduc- 
tion than  we  are  in  murmurs.  Volumes 
have  been  written  on  peculiarities  of  the 
cardiac  impulse  which  were  unheard  of 
twenty  years  ago. 

Now  why  has  there  been  such  a  tremen- 
dous advance  in  our  knowledge  of  the 
movements  of  the  heart,  and  so  little  in 
our  knowledge  of  the  movements  of  the 
stomach?  The  answer  is  that  the  technique 
for  studying  the  gastric  movements  is  much 
the  same  today  as  it  was  fifty  years  ago, 
when  the  new  methods  of  studying  the 
heart  began  to  appear.  About  1870,  men 
stopped  looking  at  the  heart,  and  began  to 
record  simultaneously  the  movements  of 
auricles  and  ventricles  on  the  same  smoked 
drum.  Later,  they  recorded  the  electrograms 
from  two  parts  of  the  heart  at  the  same 
time.  The  gastroenterologists  have  gone  on 
simply  looking  at  the  stomach.  To  be 
sure,  valuable  work  has  been  done  with 
serial  roentgenography,  but  the  technique 
has  been  difficult  and  expensi\e;  and,  so  far 
as  I  know,  no  professional  physiologist 
has  used  it. 

One   of  the   principal    reasons    for   this 


neglect  of  gastric  physiology  is  that 
special  types  of  apparatus  have  had  to  be 
designed  to  help  in  overcoming  the  techni- 
cal difFiculties  which  stand  in  the  way. 
Imagine  attempting  to  record  the  delicate 
mo^"ements  of  the  cardiac  end  of  an  animal's 
stomach,  situated  as  it  is  high  up  under  a 
diaphragm  which  never  ceases  in  its 
upward  and  downward  excursions.  That 
is  bad  enough,  but  just  as  an  experiment  is 
going  well,  along  comes,  perhaps,  a  deep 
sigh  which  tears  off  and  disarranges  the 
apparatus.  It  is  not  work  for  any  one 
inclined  to  impatience  or  indulgence  in 
profanity.  Some  may  ask:  Why  not  use 
balloons?  The  answer  is  that  they  slip 
about,  and  it  is  too  difficult  to  say  what 
they  are  recording. 

DEVELOPMENT    OF    APPAR.\TUS 

In  19 14,  I  devised  a  simple  little  entero- 
graph,  with  which  I  was  able  to  get  records 
from  two  or  three  parts  of  the  stomach 
and  six  or  seven  parts  of  the  bowel  at  one 
time.'  The  animals  were  anesthetized  and 
their  abdomens  opened  in  a  tank  of 
warm  Locke's  solution.  During  the  last  two 
years  I  have  been  developing  apparatus 
which  enables  me  to  get  electrogastro- 
grams  from  six  parts  of  the  stomach  and 
intestine  at  one  time.  I  am  also  getting 
simultaneous  electrograms  and  mechano- 
grams  from  two  segments  of  the  stomach  or 
bowel.  Human  electrogastrograms  have 
been  obtained  with  electrodes  applied  to 
the  abdominal  wall,  and  also  with  elec- 
trodes passed  into  the  stomach.-  I  will 
not  go  into  the  question  of  technique  at 
this  time,  partly  because  some  of  it  has 
been  published  elsewhere,'  but  mainly 
because  the  apparatus  is  daily  being  chang- 
ed and  improved  upon.  Naturally,  in  the 
early  stages  of  such  a  study,  the  interpre- 
tation of  the  records  is  difficult,  and  more 
new  puzzles  are  found  than  answers  to  the 
original  ones. 
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WHAT    HAVE    WE    LEARNED    WITH    THE    NEW 
TECHNIQUE? 

In  the  first  place,  it  is  clear  that  when 
the  galvanometer  is  so  arranged  that  an 
upward  swing  on  the  record  indicates  a 
negativity  of  the  orad  electrode,  the  elec- 
trical records  look  very  much  hke  the 
mechanical  ones  obtained  by  fastening  a 
heart  lever  to  the  segment  of  stomach  or 
bowel  between  the  two  electrodes.  The 
gradient  of  rhythmicity  from  duodenum 
to    colon''    is    again    shown    very    cleaily. 

THE    GASTRIC    PACEMAKER 

Both  the  electrical  and  the  mechanical 
records  show  that  many  of  the  waves  which 
seem  to  begin  in  the  lower  third  of  the 
stomach  have  really  come  as  shallow  ripples 
from  the  region  of  the  cardia.  There  is  an 
area  on  the  lesser  cur\ature  next  to  the 
esophagus  which  appears  to  be  the  usual 
pacemaker,  but  it  has  not  yet  been  local- 
ized with  accuracy.  It  is  clear  from  some 
of  the  records  that  the  pacemaker  can  shift 


junction  between  the  body  of  the  stomach 
and  the  pyloric  antrum,  but  they  can 
occur  elsewhere,  as  at  the  cardia.  Many  of 
the  records  show  also  a  phenomenon  fre- 
quently observed  on  the  screen,  that  is, 
the  appearance  of  contractions  which  do 
not  spread  over  the  stomach,  but  spring 
up  and  die  away  in  the  same  place. 

DISSOCIATION   BETWEEN    THE    FUNDUS   AND 
THE    PARS  PYLORICA 

I  have  long  looked  upon  the  stomach  as 
two  organs  thrown  into  one;  a  crop  and  a 
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Fig.  I  a.  Electrogastrograms  from  the  lesser  curvature 
near  the  cardia  and  the  pyloric  antrum  of  a  cat.  In 
all  these  records  ;in  upward  swing  denotes  negativity 
of  the  orad  electrode.  The  time  record  shows  ten- 
second  intervals.  This  record  shows  a  dissociation 
between  the  activities  of  the  fundus  and  the  antrum. 
Fig.  1 6.  Electrograms  from  the  cardiac  and  pyloric 
regions  of  a  cat,  showing  blockage  of  four  waves. 

about,  much  as  it  docs  in  the  heart,  and 
there  are  strong  indications  also  of  dissocia- 
tion between  the  activities  of  the  fundus 
and  the  pars  pylorica. 

STOMACH    BLOCK 

Just  as  in  the  heart,  so  in  the  stomach,  we 
find  blocks  of  short  or  long  duration.  We 
have  found   them   most  frecjucntly  at  the 
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Fig.  ic.  Simultaneous  mechanograms  and  electrograms 
from  two  parts  of  the  stomach  of  a  rabbit. 

gizzard;  a  hopper  and  a  mill;  an  acid 
producer  and  a  mixing  chamber;  but  I  was 
not  prepared  to  find  so  much  dissociation 
of  rhythmicity  as  appears  on  some  of  the 
records.  In  some  cases,  the  cardiac  region 
seems  to  contract  three  or  four  times  to 
the  antrum's  once;  but  there  is  seldom,  if 
ever,  any  constant  relation  between  the 
two  rhythms;  that  is,  one  minute  the  ratio 
may  be  8.5  to  3.4,  and  a  little  later  it  will 
be  9.3  to  2.6. 

GASTRIC    SYSTOLE 

\'ears   ago.   Cole   noticed   on   his  serial 
plates   contractions   of  the   stomach   as  a 
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whole,  which  he  called  systoles.  His  fellow 
roentgenologists  and  the  physiologists 
never  seemed  to  take  much  stock  in  this 
observation,  because  they  apparently  could 
not  repeat  it  for  themselves;  but  I  fmd  a 
systolic  type  of  contraction  so  frequently 
in  my  records,  that  I  believe  Cole  was 
right.  This  brings  out  a  point  which  I  wish 
to  make,  namely,  that  we  can  easily  miss 
things  on  the  fluorescent  screen,  even  when 
our  attention  has  been  called  to  them.  How 
much  more  easily  can  we  miss  them  if  our 
attention  has  never  been  called  to  them. 
These  systoles  may  have  a  considerable 
importance    in    gastroenterology,    because 
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antrum.  Sometimes  it  seems  as  if  the 
antral  contraction  were  in  turn  the  origin 
of  contractions  in  the  middle  of  the 
stomach.  For  this  reason,  my  assistant 
and  I  have  come  to  speak  of  these  easily 
recognized  series  of  coupled  contractions 
as  "shuttle  rhythm." 

AUTOMATICITY     OF     THE     PYLORIC    ANTRUM 

There  are  many  signs  in  the  records  that 
the  muscle  in  the  pyloric  antrum  tends  to 
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Fig.  2.  iMechanical  records  from  the  lower  esophagus, 
the  cardia,  preantrum  and  antrum  of  the  excised 
stomach  of  a  cat.  It  shows  systoles  and  a  lack  of 
conduction  at  times  from  the  esophagus  to  the  cardia 
and  from  the  cardia  to  the  preantrum.  Tfie  time 
record  represents  five-second  intervals. 

the  records  suggest  that  they  can  have 
much  to  do  with  helping  or  hindering 
the  escape  of  food  from  the  stomach. 
Another  peculiar  feature  of  these  systoles 
is  that  they  seem  sometimes  to  be  asso- 
ciated with  peristaltic  waves;  that  is, 
while  a  wave  is  slowly  traveling  from  the 
cardia  to  the  pylorus,  another  contraction 
which  does  not  gWe  rise  to  any  peristaltic 
wave  appears  at  the  cardia,  and  is  followed 
almost  instantiv  bv  a  contraction  in  the 
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Fig.  3.  Mechanical  records  from  the  cardiac,  middle  and 
pyloric  regions  of  a  rabbit's  stomach.  Note  the  occa- 
sional large  contractions  of  the  pyloric  antrum. 

contract  at  its  own  rate,  which  is  about 
three  times  a  minute.^  Even  when  it  is 
dominated  by  rhythmic  stimuli  coming 
down  from  the  cardia,  it  will  contract 
powerfully  from  time  to  time  much  as  the 
ventricle  of  the  heart  does  when  it  gives 
rise  to  extra-systoles.  The  frequency  with 
which  these  large  waves  appear  may  have 
something  to  do  with  the  rate  of  gastric 
emptying,  and  they  may  also  produce  pain 
in  the  presence  of  ulceration.  Sometimes 
every  third  or  fourth  contraction  on  the 
record  is  twice  as  high  as  the  others;  and 
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rarely,  every  other  antral  wave  is  two  or 
three  times  as  large  as  its  fellows,  so  that 
the  record  makes  one  think  of  pulsus 
alternans. 

TWO   OK   THREE  TYPES   OF   CONTRACTION   AT 
ONE    TIME 

It  is  a  remarkable  fact  that  one  point  on 
the  gastric  wall  seems  to  be  able  to  respond 
to  several  rhythmic  influences  at  one  time. 
That  is,  the  muscle,  let  us  say,  in  the 
fundus,  will  contract  at  its  own  inherent 
rate  of  tvveKe  times  a  minute.*  At  the  same 
time,  there  may  be  slow  tonus  waves  once 
every  one  or  two  minutes;  and  more  rapid 
peristaltic  waves  once  every  twenty  seconds. 
Conditions  seem  to  be  very  similar  to  those 
in  the  bowel  where  there  are  the  rapid  seg- 
menting movements,  the  occasional  peris- 
taltic rushes,  and  the  large  tonus  changes 
which  I  ha\'e  recently  demonstrated.  It  will 
interest  roentgenologists  to  know  that 
Palugyay,®  who  screened  the  stomachs  of 
several  men  and  women  while  they  were  in 
the  Trendelenburg  position,  observed  fre- 
quent small  wa\es  in  the  fundus:  waves 
different  from  those  in  the  antrum.  Forssell 
has  made  similar  observations. 


RELATION    BETWEEN    GASTRIC    AND    DUODE- 
NAL   PERISTALSIS 

Our  records  show  that  the  tonus  waves 
in  the  duodenum  can  be  captured  by  the 
gastric  rhythm  and  made  to  follow  it  for 
considerable  periods  of  time;  i.e.,  either 
simultaneously  with,  or  shortly  after,  the 
arrival  of  a  gastric  wave  at  the  pyloric 
line,  there  is  a  strong  tonus  contraction 
in  the  duodenum.  This  observation  may 
throw  some  light  on  the  mode  of  develop- 
ment of  the  pain  in  duodenal  ulcer,  because 
we  now  have  every  reason  to  believe  that 
hunger  contractions  in  the  stomach  will 
produce  similar  contractions  in  the  duode- 
num. Wheelon  and  Thomas'  ha\e  demon- 
strated this  mechanism  with  the  help  of  a 
very  ingenious  device. 

It  is  interesting  also  to  note  that  the 
(leristaltic  rushes  which  carry  the  food 
down  the  bowel  almost  always  have  their 
origin  in  one  of  these  tone  changes  in  the 
duodenal  cap. 


CONCLUSIONS 

It  seems  clear,  then,  that  the  new  methods 
have  promise,  and  that  they  have  already 
shown  us  a  number  of  things  which  could 
not  be  detected  by  the  unaided  eye.  Natur- 
ally, a  beginning  has  barely  been  made; 
and  much  work  will  have  to  be  done  before 
we  know  just  what  relations  these  findings 
on  animals  have  to  the  physiology  and 
pathology  of  the  gastric  movements  in 
man.  The  fact,  however,  that  almost  every- 
thing which  has  been  discovered  about  the 
hearts  of  animals  has  had  an  important 
bearing  on  either  the  physiology  or  pathol- 
ogy of  the  heart  in  man,  makes  me  feel 
hopeful  for  the  future  of  this  work  on  the 
stomach  and  bowel.  I  am  not  so  sanguine 
about  the  future  of  practical  human  elec- 
trogastrography;  but  once  the  basic  prin- 
ciples have  been  worked  out,  there  is  no 
telling  what  may  be  done,  especially  with 
the  help  of  the  amplifying  electron  tube 
which  is  now  re\"olutionizing  wireless 
telegraphy. 

It  seems  to  me  that  the  main  hope  for  the 
new  methods  is  that  they  will  enable  us  to 
recognize  and  evaluate  symptom  complexes 
in  the  history  and  on  the  screen — com- 
plexes corresponding  to  those  which  are 
now  recognized  so  easily  by  the  heart 
specialist,  even  without  the  help  of  his 
polygraph  and  his  string  galvanometer. 
The  important  point  which  I  wish  to 
emphasize  is  that  he  could  not  be  making 
these  diagnoses  at  all  if  he  had  not  been 
working  for  years  with  his  instruments  of 
precision. 

SUMMARY 

Gastric  physiology  is  far  behind  cardiac 
physiology  today,  because  it  has  remained 
very  largely  in  the  crude  stage  of  depen- 
dence on  unaided  visual  observation. 

Methods  are  now  being  devised  for 
obtaining  multiple  and  simultaneous  me- 
chanical and  electrical  records  of  the 
activities  of  the  stomach  and  bowel. 

A  few  records  have  been  obtained  of  the 
human  electrogastrogram.  The  electro- 
grams from  the  digestive  tract  look  very 
much  like  the  corresponding  mechanogram. 

New  evidence  has  been  obtained  as  to 
the   location  and   behavior  of  the  gastric 
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pacemaker.  Stomach  blocks  and  dissocia- 
tions have  been  obscr\ed.  Cole's  discovery 
of  gastric  systoles  has  been  confirmed. 

Several  pecidiar  types  of  peristalsis  are 
described,  and  some  contractions  are  shown 
which  might  perhaps  be  called,  by  analogy, 
pyloric  extra-systoles. 

Two  or  three  different  types  of  contrac- 
tion can  take  place  simultaneously  in  one 
segment  of  the  stomach  much  as  they  do 
in  one  segment  of  bowel. 

There  is  a  close  relation  between  the 
activities  of  the  pyloric  end  of  the  stomach 
and  the  duodenum. 

It  is  hoped  that  the  new  studies  will 
eventually  help  the  physician  and  the 
roentgenologist  to  recognize  and  interpret 


symptom-complexes,  much  as  the  poly- 
graph and  the  string  galvanometer  have 
helped  the  heart  specialist  to  recognize 
auricular  fibrillation  or  heart  block  from 
the  history,  or  from  the  feel  of  the  pulse. 
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THE  BONE  LESIONS  OF  SMALLPOX  WLLH  REPORT 
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FRESNO,    CALIFORNIA 


BECAUSE  of  the  small  amount  of 
literature  on  the  subject,  and  the  lack 
of  anything  in  the  textbooks,  I  wish  to 
present  these  cases,  that  we  may  be  more 
on  the  lookout  for  the  conditions. 

In  regard  to  the  bone  lesions  of  smallpox, 
I  will  quote  Musgrave  and  Sison,'  who 
report  the  following  distribution  of  lesions: 
"Any  of  the  bones  and  joints  of  the  body 
may  be  aflected.  However,  the  long  bones 
and  their  articulations  are  more  frequently 
afTected  than  other  bones  and  joints.  In 
the  order  of  frequency  the  following  loca- 
tions of  the  lesions  may  be  noted: 

"i.  The  bones  and  joints  of  the  upper 
extremity. 

"2.  The  bones  and  joints  of  the  lower 
extremity. 

"3.  The  bones  and  joints  of  other  parts 
of  the  body. 

"The  bones  of  the  upper  extremit\'  ma\' 
be  involved  in  the  following  order  of 
frequency : 

"(a)   Forearm  (radius  and  ulna). 

"(6)  Arm  (humerus). 

"(c)  Hand  (carpal,  metacarpal  and  pha- 
langes— proximal  and  distal). 

*  Musgrave.    W.   E.  and   Sison.    A.   G.  The  bone  lesion  of 
smallpox.  Philippine  J.  Sc,  April,  1913. 
'.Read  at  the  Twenty-third  Annual  Meeting  of  The  .American  R 


"The  bones  of  the  lower  extremity  may 
be  also  involved  in  the  following  order: 

"(a)  Leg  (tibia  and  fibula). 

"(6)  Thigh  (femur). 

"  (c)  Foot  (tarsal,  metatarsal,  and  pha- 
langes— proximal  and  distal). 

"In  regard  to  age,  the  bone  lesions  are 
usually  observed  in  persons  with  a  history 
of  smallpox  during  early  childhood,  but  the 
deformity  may  follow  variola  contracted 
at  any  time  before  the  complete  ossifica- 
tion of  the  bones.  The  greatest  age  at 
which  such  a  complication  of  variola  has 
been  observed  was  fourteen  years,  in  a  boy. 

"The  fact  that  practically  no  mention  of 
bone-deforming  lesions  as  a  complication  of 
variola  is  found  in  current  literature  should 
make  one  \ery  cautious  not  to  interpret 
coincidence  as  cause  and  effect.  The  tact 
that  the  masses  of  the  Filipino  people  are 
undernourished  and  underdeveloped  as  a 
result  of  starvation  and  metabolism  incon- 
gruities adds  to  the  difilculty  of  definite 
conclusions  in  interpreting  the  etiology  of 
chronic  bone-deforming  lesions  contracted 
during  childhood. 

"Both  scurvy  and  rickets  are  much  less 
frequently    encountered    in    Manila    than 
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Fig.  I.  Lateral  view  of  both  ankles. 


Fig.  2.  Dcfoimitics  111  tlu'  ankles. 
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would  be  expected  from  the  habits  and 
faulty  feeding  customs  of  the  people,  and 
these  diseases  are  less  frequent  in  our 
large  clinics  than  is  reported  from  similar 
clinics  in  other  parts  of  the  world. 

"The  pathology  of  these  disturbances, 
their  mode  of  onset,  and  the  course  and 
results  are  now  pretty  well  known,  and  do 
not  correspond  to  the  conditions  found  in 
our  smallpox  cases  sufficiently  close  to 
make  the  danger  of  mistake  in  diagnosis 
a  serious  consideration. 


The  process  appears  to  be  due  to  destruc- 
tive lesions  in  the  epiphyses  of  the  bones. 
The  shafts  of  the  ulna  and  radius  seem 
to  be  normal,  except  in  length.  The  ends 
of  the  bones  are  enlarged  and  irregular  in 
shape,  and  similar  changes  may  be 
encountered  in  the  carpal,  metacarpal, 
and  phalangeal  bones. 

"The  circumferential  growth  of  these 
bones  is  not  disturbed  in  the  least.  There  is 
no  sign  of  underdevelopment  in  diameter, 
thus    proving    that    the    periosteum  upon 


1 


Fig.  3.  Bone  deformities  of  tlie  right  foot. 


"The  close  resemblance  in  the  character 
of  the  deformities,  their  constant  asso- 
ciation with  a  history  of  smallpox  during 
early  life,  and  the  absence  of  similar  lesions 
under  other  conditions  seem  to  warrant 
the  conclusion  that  the  deformities  are  a 
complication  of  variola. 

"The  morbid  anatomy  and  histology  of 
the  lesions  and  deformities  have  been 
studied  in  one  case  by  Crowell  (Case  III). 

"In  our  preliminary  report  we  stated: 


which  the  circumferential  growth  depends 
is  not  affected. 

"The  bones  are  markedly  shortened  and 
stunted  in  longitudinal  growth;  in  some 
cases  they  are  reduced  to  less  than  one- 
half  the  length  of  the  normal  bone.  The 
obvious  conclusion  from  this  fact  is  tha: 
the  seat  of  the  primary  lesion  is  in  that 
part  of  the  bone  between  the  epiphysis 
and  diaphysis  which  develops  actively 
ex  utero." 
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From  their  report  of  cases  the  followinp; 
are  taken: 

Case  I  (No.  6992,  191 2j.  Female,  Fili- 
pina,  twenty-seven  years  old,  seamstress, 
born  in  Malabon.  She  had  smallpox  during 
childhood, ;  and  as  a  complication  she 
developed  deformity  of  the  left  elbow- 
joint,  with  partial  ankylosis  and  shortening 
of  the  bones  of  the  left  arm  and  forearm. 


joints  and  some  shortening  of  the  bones  of 
both  legs. 

Case  III  (No.  2464,  1912).  Female, 
single,  washerwoman,  aged  thirty-two, 
born  in  Silang,  Cavite.  Had  smallpox 
when  a  little  girl,  with  subsequent  defor- 
mity of  the  elbow-joints  and  left  wrist,  with 
distinct  shortening  of  the  bones  of  the 
forearms  on  both  sides.  Deformity  of  both 


JK| 
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Fic.  4.  Bom-  deformities  of  llu-  left  foot. 


Case  II  (No.  5368,  1912).  Male,  Fili- 
pino, born  111  Mindoro.  Had  smallpox 
when  a  little  boy,  and  as  a  complication 
he  de\eloped  deformity  of  both  elbow- 
joints  with  marked  shortening  of  the  bones 
of  the  forearms  and  slightly  of  the  arms, 
with  partial  ankylosis  of  both  elbow  and 
wrist  joints.  Deformit\   also  of  both  knee- 


knee-joints  and  distinct  shortening  ot  the 
bones  of  both  legs  exist,  with  partial  anky- 
losis of  the  elbow-joints. 

This  patient  died  on  March  22,  1912, 
and  autopsy  was  performed  by  Dr.  B.  C. 
Crowell.  Musgrave  and  Sison,  in  summar- 
izing the  bone  conditions  found  by  Crowell, 
say:  "It   is   apparent   that   the  diaphyses 
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of  the  bones  are  shorter  than  normal,  and 
that  the  ends  of  the  bones,  representing 
the  original  epiphyses,  are  much  altered 
in  configuration.  In  the  shafts  of  the  bones 
which  were  removed  for  examination  there 
is  no  apparent  change  from  the  normal  in 
contour  or  diameter.  Mesial  longitudinal 
sections  through  the  ends  of  the  bones 
show  complete  ossification  of  the  epiphy- 
seal extremities,  and  no  indication  of  the 
line  of  junction  between  the  epiphyses 
and  diaphyses  is  present.  The  deformities 


decalcified  sections  of  the  bones  show  no 
alterations  from  the  normal  condition 
of  bone  growth  at  this  period  of  life.  The 
epiphyseal  line  of  growth  is  obliterated, 
and  the  compact  bone  and  marrow  bear 
normal  relations.  The  only  alteration  is 
in  the  size  and  conformation  of  the 
epiphyses." 

There  were  a  number  of  other  cases 
reported,  but  these  few  will  serve  to  show 
the  character  of  the  deformities  that  these 
men  ha\e  found. 


% 


Fig.  5.  Showing  the  continuous  medullary  canal  from  the  humerus  to  the  radius  and  ulna. 


of  the  epiphyses  must,  therefore,  have 
occurred  before  the  period  of  full  growth, 
and  the  interference  with  the  longitudinal 
growth  of  the  diaphyses  must  have  been 
due  to  some  disturbance  at  the  line  of 
junction  with  the  epiphyses. 

"As  is  to  be  expected  from  the  above 
description  of  the  condition  of  the  bones, 
examined  at  a  period  after  the  cession  of 
active  disease  and  after  healing  has  taken 
place,  the  microscopic  examination  of  the 
bones  shows  nothing  which  will  further 
elucidate  the  nature  of  the  active  process. 
Complete  ossification  has  taken  place,  and 


MY    OWN    CASES 

I  have  personally  seen  two  cases  that  I 
have  recognized. 

Case  I.  A  Chinese  woman  of  about 
twenty-se\'en  years,  who  gave  a  history, 
of  smallpox  when  three  or  four  years  of 
age.  At  the  time  seen  she  had  deformities 
of  both  wrists  and  shortening  of  the  right 
humerus  and  the  bones  of  the  right  fore- 
arm. By  measurement,  the  right  humerus 
was  I  in.  shorter  than  the  left,  and  the 
bones  of  the  right  forearm  were  i  in. 
shorter  than   those  of  the  left.  The  ulna 
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In  each  forearm  appeared  to  be  longer  than 
the  corresponding  radius,  causmg  deformi- 
ties of  the  wrists.  No  roentgenograms  of 
this  case  were  possible. 

Case  II.  A  Chinese,  male,  aged  sixty- 
seven.  Entered  the  hospital  for  pains  In 
the  feet.  He  was  sent  to  the  roentgen-ray 
department  for  roentgenograms  of  the 
feet  and  ankles.  The  films  showed  fusion 


absence  of  articulation,  and  complete  fusion 
of  all  bones.  So  complete  Is  this  fusion 
that  the  medullary  canal  of  the  humerus 
can  be  followed  directly  into  that  of  the 
radius  and  that  of  the  ulna.  (This  is  the 
real  three-In-one.) 

The  left  hand  shows  marked  shortening 
of  the  fifth  metacarpal,  and  also  a  smaller 
shaft  than  the  right  fifth  metacarpal. 


'iG.  6.  AU'tacarpal  changes  of  tlie  left  hand. 


of  the  distal  extremities  of  the  tibia  and 
fibula.  These  also  were  fused  with  the 
astragalus.  The  first  and  fifth  metatarsals 
of  both  feet  showed  shortening.  From  a 
diagnostic  standpoint,  the  shortening  of 
the  bones  and  the  deformities  of  both  feet 
were  probably  the  sequelae  of  smallpox. 
Under  the  iluoroscopc,  deformities  of  the 
hands  and  right  elbow  were  noted. 

Films  of  the  right  elbow  show  complete 


The  right  hand  shows  shortening  of  the 
first,  second,  and  fifth  metacarpals.  Of 
these  short  metacarpals,  there  is  but  one 
that  has  a  smaller  shaft  than  normal. 
This  is  an  exception  to  the  statement  of 
MusgraNC  and  Sison  quoted  abo\e,  for  they 
found  no  bones  of  lessened  circumference. 

The  history  of  this  man  showed  no  bone 
Injury,  no  e\idence  of  Inflammatory 
troubles,  and  no  pains  or  aches  until  within 
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the  last  six  months,  but  there  was  a  history 
of  smallpox  at  the  age  of  three  years. 

Physical  examination  shows  no  difference 

in  the  length  of  the  two  arms,  but  becauseof 
the  ankylosis  of  the  right  elbow,  the  circum- 


The  cases  so  far  reported  are  from  the 
Orient.  Therefore  I  raise  the  question: 
Is  the  particular  variola  of  the  Orient  difler- 
ent  from  that  of  the  Occident,  or  are  we 
simply  not  recognizmg  these  cases? 


Fig.  7.  Metacarpal  cluinges  of  the  right  hand. 


ference  of  the  right  arm  and  forearm  is  less 
than  that  of  the  left.  Examination  of  the 
mouth  revealed  a  very  marked  pyorrhea, 
which,  in  all  probability,  was  the  origin 
of  the  infection  causing  pain  in  the  feet. 


Since  reporting  the  above  cases,  one 
case  has  been  reported  by  Dr.  W.  L. 
Brown  of  El  Paso.  This  was  of  disease  con- 
tracted in  Mexico;  therefore,  it  is  not  an 
oriental  complication. 


THE  DIAGNOSIS  AND  TREATMENT  OF  BONE  LESIONS: 
A  BRIEF  SUMMARY  OF  THE  SALIENT  FEATURES* 


BY    JOSEPH    COLT    BLOODGOOD,    M.D. 


IW'ILL  attempt  to  give  you  briefly  tlie 
salient  facts  which  I  have  harvested 
from  more  than  i,ooo  records  of  bone 
lesions.  This  includes  only  those  cases  of 
tuberculous  and  pyogenic  osteomyehtis 
which  resemble  clinically  and  in  the  .v-ray 
a  possible  periostea!  or  central  malignant 
lesion. 

The  Routine  of  an  X-Ray  Examination 


BALTIMORE,    MARYLAND 

which  were  made  directly  after  the  injury, 
showing  a   normal   bone,   and   later  ones, 


clearly  demonstrating  the  de\elopment  ot 
sarcoma. 

In  the  past* two  years,  due  to  the  fact 
that  both  physicians  and  roentgenologists 
are  realizing  the  importance  of  this  routine 
examination,  I  have  accumulated  numer- 
ous   roentgenograms    made    immediatelv 


With  rare  exceptions  this  should  include  after  a  contusion  or  a  sprain  which  show  a 
the  corresponding  bone  as  well  as  the 
diseased  bone.  Especially  is  this  important 
when  the  lesion  is  of  slight  extent  and  its 
interpretation  obscure.  My  records  show- 
frequent  mistakes  due  to  this  neglect.  For 
example,  a  lateral  view  was  taken  ot  the 
tubercle  of  the  tibia,  because  the  child, 
aged  ten  years,  had  a  painful  swelling  in 
that  region,  following  a  trauma.  It  was 
interpreted  as  a  possible  sarcoma,  and 
exploration  advised.  When  the  roentgeno- 
gram was  made  of  a  similar  aspect  on  the 
opposite  side,  it  developed  that  the  beak- 
shaped  process  of  the  tibia  was  even  more 
suggestive  of  disease  than  on  the  evidently 
involved  side.  Nothing  was  clone,  and  the 
child  reco\ered  \\ith()ut  an  unnecessary 
operation. 

Roenliienoiirams  Immediately  after 
Trauma  to  Bones  and  Joints.  We  have 
educated  ourselves  and  the  public  to  the 
routine  x-ray  examination  in  cases  of 
evident  or  possible  fracture.  But  a  similar 
examination  is  not  being  made  as  a  routine 
procedure  after  a  contusion  of  bone  or 
sprain  of  a  joint.  This  examination  is 
essential  for  more  than  one  reason,  and 
perhaps  the  least  important  is  the  bringing 
to  view  an  incomplete  fracture.  Such  an 
examination  will  rc\cal  the  condition  of  a 
bone  or  bones  at  the  time  of  the  injury, 
and  may  reveal  a  preexisting  osseous  lesion, 
and — most  important  of  all — is  a  record 
for  conxparison  d"  the  trauma  excites  some 
benign  or  malignant  pathological  process. 

In  only  two  of  all  mv  cases  of  sarcoma 


definite  preexisting  bone  lesion.  In  the 
majority  of  cases,  the  lesion  has  been  a 
partially  or  completely  healed  bone  cyst; 
a  few  showed  healed  tuberculosis.  {Minn. 
Med.,  1922,  V,  604.)  This  examination, 
directly  after  an  injury,  is  of  additional 
importance  in  relation  to  the  workmen's 
compensation  laws  and  accident  insurance. 

X-Ray  Examinations  of  Multiple  Bone 
Lesions.  It  is  now  well  established  that 
the  skeleton  may  be  the  seat  of  multiple 
lesions,  and  yet  only  one  lesion  may 
attract  the  attention  of  the  host  by  pain  or 
swelling.  Therefore,  it  is  a  good  plan  to 
make  examinations  of  all  bones.  It  is  my 
opinion  that  this  should  be  done  in  almost 
every  case.  When  the  .v-rays  show  multiple, 
distinctly  central  lesions,  we  can  practi- 
cally exclude  primary  sarcoma,  and  the 
diagnosis  rests  between  metastatic  car- 
cinoma, multiple  myeloma,  multiple  bone 
cysts  and  chondroma.  When  a  distinct 
periosteal  multiple  lesion  is  found,  we  can 
exclude  malignancy — either  sarcoma  or 
metastatic  carcinoma.  There  may  be  a  few 
exceptions  to  this  rule.  For  example,  a 
patient  suffering  with  Paget's  disease  of  the 
skeleton,  which  is  a  multiple  periosteal 
lesion,  may  develop  a  periosteal  sarcoma  of 
one  bone.  I  think  I  ha\e  such  a  case  under 
obser\ation  now,  which  I  reported  in  the 
Journal  oj  Radiology  for  August,  1922,  as 
an  example  ot  multiple  infectious  ossifying 
periostitis. 

The  demonstration  of  multiple  exostoses 
excludes  malignancy.  It  is  a  congenital 
hereditary  disease  of  the  skeleton. 


after  trauma,  do  we  ha\e  roentgenograms 

•  Read  by  title  at  tht;  Twenty-third  Annual  Meeting  of  The  Amkrican  Roentgen  Ray  Society,  Los  Angeles.  Calif.,  September 
12-16,  1922. 
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X-Ray  Examinations  of  the  Skull. 
Recent  experience  has  taught  me  that 
it  is  difficult  to  distinguish  between  a 
primary  periosteal  lesion  of  the  skull  and  a 
central  lesion  which  has  perforated  and 
broken  through.  In  a  recent  clinic  in  Port- 
land, Oregon,  Dr.  Sommcrs  brought  in  a 
man  with  an  evident  periosteal  lesion  of  the 
shaft  of  the  femur  and  multiple  lesions  of 
the  skull.  I  interpreted  them  as  of  perios- 
teal origin,  and  naturally  concluded  that 
the  bone  lesion  was  inflammatory.  \  et,  a 
few  days  later,  when  Dr.  Sommers 
explored  the  femur,  he  found  sarcoma. 

The  interpretation  of  roentgenograms  of 
the  skull  in  relation  to  evident  foci  in  the 
long  bones  is  not  yet  firmly  established, 
and  needs  further  investigation. 

I,  therefore,  urge  that  before  making  a 
diagnosis  of  a  smgle  bone  lesion,  roentgeno- 
grams of  other  bones  be  made. 

Roentgenograms  oj  the  Chest.  This 
should  be  a  routine  examination.  In  a 
number  of  my  cases  of  periosteal  sarcoma, 
within  three  months  after  the  observation 
ot  the  first  symptom,  we  have  found  evi- 
dent metastasis  to  the  lungs  in  the  routine 
roentgenograms  before  the  patient 
exhibited  any  clinical  symptoms.  The 
demonstration  of  evident  tuberculosis  in 
the  chest  is  very  suggestive  that  the  bone 
lesion  is  also  tuberculous.  Up  to  the  present 
time,  I  have  not  found  tuberculosis  of 
the  lungs  in  cases  of  sarcoma  of  bone — 
of  this  1  am  positive.  Nor  do  I  remember 
it  being  associated  with  bone  cysts, 
giant-cell  tumors,  chondromas  or  myxo- 
mas. But  this  point  has  not  been  verified 
recentlv. 

Palpation.  I  urge  all  roentgenologists 
to  develop  their  sense  of  touch  for  diagnos- 
tic help  in  reading  the  films.  Again  and 
again  cases  have  come  under  my  observa- 
tion in  which  the  palpation  of  the  periosteal 
bone  lesion  excluded  the  sarcoma  which 
had  been  diagnosed  from  the  roentgeno- 
gram. When  the  palpation  of  the  periosteal 
bone  formation  shown  is  as  e\idently  bony 
as  the  feeling  of  your  own  shin  bone,  you 
can  be  quite  certain  that  it  is  not  malig- 
nant. At  the  present  moment,  I  do  not 
remember  having  received  a  single  report 
from  a  roentgenologist  in  which  there  is  a 
note  on  palpation. 


When  you  palpate  about  the  bone  a  soft- 
part  tumor,  and  the  .v-ray  film  shows  that 
this  tumor  is  composed  only  partly  of  new 
periosteal  bone,  then  you  have  definite 
evidence  that  the  lesion  is  periosteal  or  a 
soft-part  lesion  with  secondary  involve- 
ment of  bone.  But,  unfortunately  for  the 
simplicity  of  diagnosis,  and  fortunately 
for  the  patient,  this  by  no  means  indicates 
sarcoma. 

As  far  as  my  own  experience  goes,  I  am 
just  beginning  to  learn  the  value  of  the 
association  of  palpation  with  the  study  in 
the  roentgenogram  of  the  bone  changes 
and  the  soft-part  tumor,  and  I  record 
here  only  those  points  which,  I  feel,  are 
established. 

Spindle-shaped  Periosteal  Growth  Sur- 
rounding the  Bone.  In  the  older  textbooks 
and  the  literature  this  was  looked  upon  as 
pathognomonic  of  sarcoma.  My  experience 
teaches  the  contrary.  In  the  Journal  of 
Radiology  for  March,  1920,  I  have  illus- 
trations of  a  roentgenogram  (Figs.  81  and 
82)  of  a  femur  about  which,  on  palpa- 
tion, there  was  a  distinct  periosteal  and 
soft-part  growth  which  was  not  entirely 
composed  of  bone.  It  was  interpreted  as 
sarcoma;  the  advised  amputation  was 
refused,  and  the  patient  is  well  today, 
more  than  eight  years  since  the  first  obser- 
vation. I  have  again  reported  this  case  in 
the  Journal  oJ  Radiology  for  August,  1922, 
with  other  examples  of  "infectious  ossify- 
ing periostitis"  in  which  similar  spindle 
swellings  have  been  observed. 

X-Ray  Findings  in  the  Soft  Parts.  Not 
infrequently,  when  palpation  fails  to  reveal 
any  evident  tumor  outside  the  bone,  the 
roentgenogram  may  show  it.  This  is  a 
very  important  change  to  look  for,  because 
the  demonstration  of  soft-part  involve- 
ment by  palpation  or  in  the  .v-ray  film 
outside  the  cortical  layer  indicates  perios- 
teal involvement,  irrespective  of  whether 
the  appearance  of  the  bone  suggests  a 
central  lesion  or  not;  and  this  is  essential 
in  planning  the  mode  of  attack — a  point 
which  I  will  discuss  later  under  the  title 
Central  and  Periosteal  Bone  Lesions. 

Calcified  Areas  in  the  Soft  Parts  Outside 
the  Bone  Involved.  My  experience,  as  yet, 
is  too  limited  to  write  positively,  but, 
especially  when  the  bone  lesion  Is  near  a 
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joint,  the  evidenee  in  the  roentgenogram 
oF  darker  areas  suggesting  calcium  deposits 
with  a  definite  clear  area  between  them  and 
the  bone,  or  the  new  periosteal  bone  forma- 
tion, is  very  suggestive  of  tuberculosis, 
and  against  sarcoma. 

Other  Routine  Examinations.  My  rec- 
ords show  that  it  is  a  grave  mistake  for 
the  roentgenologist  to  attempt  to  make  a 
diagnosis  from  the  x-ray  plate  alone.  He 
can  describe  what  he  sees  in  detail  and 
give  his  interpretation,  but  this  interpreta- 
tion is  often  modified  by  other  laboratory 
findings  and  the  clinical  picture.  It  should 
be  the  duty  of  the  roentgenologist,  when  he 
is  asked  to  make  an  examination,  to  insist 
upon  a  complete  x-ray  examination  and 
urge,  before  his  final  opinion  is  given, 
that  he  know  the  clinical  history  and  the 
result  of  the  other  laboratory  investiga- 
tions. Unfortunately,  the  records  sent  to 
me  with  x-ray  films  or  plates,  are  usually 
incomplete  in  this  respect. 

In  every  patient  with  a  lesion  of  bone, 
there  should  be  a  Wassermann  test,  a 
complete  blood  examination,  an  examina- 
tion of  the  urine  for  Bence-Jones  bodies, 
and  a  search  for  foci  of  infection  in  the 
tonsils,  nasopharynx,  teeth  and  in  the 
genitourinary  tract.  The  urine  should  be 
repeatedly  examined  for  the  Bence-Jones 
bodies,  and  there  should  be  always  a 
differential  count  of  the  white  ceils  of  the 
blood. 

Diagnostic  Salvarsan.  When  the  roent- 
genogram shows  an  evident  periosteal 
lesion  and  the  Wassermann  is  negative, 
I  always  advise  at  least  one  dose  of  intra- 
\-enous  salvarsan.  It  is  true  that  in  the 
majority  of  cases  of  syphilitic  periostitis, 
the  Wassermann  has  been  plus.  But  when 
I  have  given  these  patients  salvarsan, 
the  evident  improvement  in  the  local 
condition  has  been  so  rapid  and  so  marked 
that  it  occurred  to  me  years  ago  to  use  it 
as  a  diagnostic  test.  I  now  have  four  cases 
in  which  the  Wassermann  report  was 
negative,  the  x-ray  plate  strongly  suggested 
sarcoma,  and  after  salvarsan  intra^•en- 
ously,  there  was  rapid  improvement  and  a 
permanent  cure. 

Incomplete  Examination.  Numerous 
records  ha\e  been  received  with  the 
diagnosis  of  periosteal  sarcoma,  requesting 


ad\"ice  as  to  whether  the  treatment  should 
be  amputation,  or  roentgen  or  radium 
therapy,  but  without  a  Wassermann  test. 
The  diagnosis  has  been  often  changed  and  a 
cure  immediately  established  by  making 
a  Wassermann  test. 

Only  in  recent  cases  have  the  records 
reported  an  examination  for  the  Bence- 
Jones  bodies.  In  my  experience  the  presence 
of  Bence-Jones  bodies  in  the  urine  estab- 
lishes the  diagnosis  of  an  incurable 
disease — either  multiple  myeloma,  or 
metastatic  carcinoma. 

Localization  of  Lesion.  In  a  recent 
complete  study  (about  to  be  published)  of 
all  the  central  and  periosteal  lesions  of  the 
phalanges,  we  found  a  single  example  of  a 
central  sarcoma  of  a  phalanx,  and  no  case 
of  perisoteal  sarcoma.  This  is  an  important 
point  to  remember.  The  diagnostic  value 
of  the  localization  in  other  bones,  up  to 
the  present  time,  gives  only  approximate 
diagnostic  help.  For  example,  in  the 
central  lesions  of  the  lower  end  of  the 
radius,  the  chances  are  90  per  cent  that  it 
is  the  giant-cell  tumor.  Periostea!  and 
central  lesions  of  the  metacarpal,  meta- 
tarsal and  tarsal  bones  are  very  rarely 
malignant;  up  to  the  present  time  I  have 
not  observed  any  lesion  of  a  carpal  bone, 
except  inflammatory,  usually  tuberculous. 

This  point  of  the  localization  of  the 
different  possible  bone  lesions  has  not 
yet  been  worked  out  up  to  date  for  all 
bones. 

Central  Bone  Lesio7is.  If  the  x-ray 
examination  shows  a  distinct  central  lesion 
with  defmite  bone  shell,  with  or  without 
fracture,  and  no  extra-osseous  soft-part 
lesion,  and  palpation  reveals  nothing,  and 
the  patient  is  under  fifteen  years  of  age, 
we  can  be  quite  certain  that  it  is  not 
sarcoma,  nor  any  other  malignant  tumor. 
The  probabilities  are  that  it  is  a  bone 
cyst.  The  next  possibility  is  the  giant-cell 
tumor,  rarely  a  chondroma,  and,  in  a  very 
few  instances,  tuberculosis.  In  my  experi- 
ence, operation  is  not  indicated  at  once. 
One  can  watch  the  case  under  control  of 
freciuent  x-ray  examinations.  This  is 
especially  true  when  there  is  a  pathological 
fracture.  This  fracture  cures  the  bone  cyst, 
with  rare  exceptions,  and  subsequent 
roentgenograms  will  rc\oal  the  raj^id  ossifi- 
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cation,  not  only  of  the  fracture,  but  of  the 
central  area  of  destruction.  When  rapid 
ossification  does  not  show,  operation  is 
indicated  at  once.  This  operation  will 
hasten  the  healing  of  the  bone  cyst,  and 
is  the  best  treatment  for  the  giant-cell 
tumor  or  chondroma. 

My  experience  teaches  me  that  when 
the  roentgenogram  shows  no  fracture,  an 
operation  promises  a  more  rapid  and 
permanent  ossification  if  the  lesion  proves 
to  be  a  bone  cyst,  and,  of  course,  as  said 
before,  this  is  the  best  treatment  for  the 
giant-cell  tumor  and  chondroma. 

If  the  patient  is  over  fifteen  years  of  age, 
and  the  roentgenogram  shows  a  central 
lesion  with  a  definite  bony  shell,  with  or 
without  fracture,  my  evidence  indicates 
that  nothing  is  to  be  gained  by  delay; 
sarcoma  cannot  be  excluded.  It  is  also 
very  important  to  remember  that  the 
single  central  lesion  may  be  the  onset  of  a 
multiple  myeloma  before  Bence-Jones 
bodies  appear  in  the  urine,  and  in  which 
the  other  foci  in  the  marrow  do  not  show 
in  the  film.  Also,  it  may  be  the  first  evi- 
dence of  metastasis  from  a  concealed 
primary  malignant  tumor,  especially  in 
the  kidney  and  prostate.  These  two  possi- 
bilities, however,  are  very  rare. 

The  order  of  frequency  of  central  bone 
lesions  after  the  age  of  fifteen  is  as  follows: 
Benign  giant-cell  tumor;  the  recent  and 
the  old  unhealed  bone  cyst;  the  sarcoma; 
the  chondroma;  the  myxoma. 

My  experience  up  to  date  seems  to 
show  that  .x-ray  and  radium  therapy 
cannot  be  expected  to  affect  the  patholog- 
ical process  through  a  bone  shell;  more- 
over, when  radiation  therapy  is  used,  it  is 
employed  largely  for  conditions  in  which 
it  is  neither  necessary  nor  valuable. 

The  Method  of  Attack  oj  Central  Bone 
Lesions.  When  the  roentgenogram  shows 
a  single  central  lesion,  with  or  without 
fracture,  in  a  patient  over  fifteen  years  of 
age,  operation  is  indicated.  The  object 
of  the  operation  should  be  to  remove  and 
destroy  the  pathological  tissue  within  the 
bone  shell,  with  a  technique  to  prevent, 
as  far  as  possible,  the  implantation  into 
the  soft  parts  of  tumor  tissue.  This  im- 
plantation is  most  dangerous  in  myxoma 
and  next  in  chondroma.   For  this  reason. 


under  an  Esmarch,  I  expose  the  bone  shell, 
open  it  whh  the  electric  cautery,  and  unless 
I  am  confident  that  it  is  a  benign  bone 
cyst,  I  remove  the  tissue  within  the  bone 
shell,  using  the  hot  iron  as  a  curette.  Then 
I  swab  the  cavity  with  pure  carbolic  and 
alcohol;  then  I  pack  it  with  gauze  satu- 
rated with  50  per  cent  zinc  chloride.  If 
the  evidence  is  in  favor  of  sarcoma,  I 
would  implant  the  cavity  with  radium 
and  follow  with  postoperative  radium  or 
.v-ray  treatment.  This  method  is  unneces- 
sary for  the  benign  bone  cyst,  but  it  does 
no  harm,  and  interferes  very  little  with 
healing.  It  is  essential  for  the  myxoma, 
chondroma  and  the  giant-cell  tumor,  except 
the  employment  of  radium  and  x-ray 
therapy,  which  need  only  be  used  if 
malignancy  is  questionable. 

The  wound  can  be  left  open  or  closed, 
according  to  its  size. 

My  personal  experience  with  immediate 
bone  transplantation  into  large  cavities 
has  been  unfavorable,  except  in  the  bone 
cyst,  in  which,  however,  it  is  not  necessary. 
The  Cure  of  Central  Sarcoma.  In  the 
Journal  of  Radiology  for  March,  1920,  I 
recorded  four  cases  diagnosed  central 
sarcoma  in  which  the  patients  are  living 
five  years  after  operation.  I  now  retract 
two.  Pathol.  No.  201 15  (Fig.  12)  is  diag- 
nosed on  restudy  by  a  number  of  con- 
sultant pathologists- as  a  giant-cell  tumor. 
Pathol.  No.  191 79  (Fig.  23)  has  now  been 
placed  by  consultant  pathologists  as  an 
example  of  an  unhealed  benign  bone  cyst. 
Pathol.  No.  10602  (Fig.  26)  has  died  of 
metastasis.  This  leaves  but  one  undis- 
puted example  of  a  central  sarcoma 
cured  by  amputation  (Pathol.  No.  14229, 
Fig.  29). 

The  probability  of  a  cure  of  a  central 
sarcoma  after  amputation  is  less  than  10 
per  cent. 

Among  the  recent  cases,  there  is  one  in 
the  upper  end  of  the  humerus,  operated 
on  by  Dr.  Bunts  of  Cleveland,  that  we 
feel  is  sarcoma.  The  patient  is  now  well, 
almost  two  years  after  operation.  The 
method  of  attack  was  somewhat  on  the 
lines  indicated  here.  Then  there  is  another 
case  from  the  Mayo  Clinic,  which  recurred 
after  curetting,  but  not  with  thermal  or 
chemical  cauterization.  This  patient  has 
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also  remained  well  now,  more  than  five 
years  since  amputation. 

In  view  of  the  fact  that  amputation  has 
rarely  cured  the  central  sarcoma  because 
of  metastasis  to  the  lungs,  and  because  it 
is  the  rare  central  lesion  and  often  difficult 
to  differentiate  from  some  variant  of  the 
bone  cyst  and  the  giant-cell  tumor.  It 
seems  to  me  we  are  justified,  when  we  have 
a  central  tumor  of  bone,  with  an  intact 
bone  shell,  in  using  this  method  of  treat- 
ment, even  when  the  gross  appearance  at 
operation  and  the  microscopic  picture 
strongly  suggest  sarcoma. 

I  have  previously  reported  this  method 
of  attack  in  central  sarcoma  In  Minnesota 
Medicine  (not  yet  published),  and  now 
have  in  preparation  a  more  detailed 
contribution. 

Perjoration  and  Destruction  of  the  Bone 
Shell.  This  Is  not  diagnostic  of  malig- 
nancy. Perforation  of  the  shell  has  been 
observed  in  chondroma  and  the  bone 
cyst,  and  partial  and  complete  destruction 
of  the  bone  shell  has  been  observed  in  the 
giant-cell  tumor.  This  point  has  been 
fully  described  by  me  in  Anna/5  0/  Surgery 
(April,  19 19). 

Since  the  publication  of  this  paper,  two 
years  ago,  I  have  received  the  records  and 
roentgenograms  of  a  giant-cell  tumor  of  the 
lower  end  of  the  radius.  In  which  there 
was  complete  destruction  of  the  bone 
shell  with  infiltration  of  the  soft  parts. 
\'et  the  surgeon  had  the  courage  to  curette, 
and  to  transplant  bone  into  the  defect, 
and  was  rewarded  by  a  permanent  cure 
with  very  good  function. 

My  records  show  numerous  amputations 
for  benign  central  giant-cell  tumors, 
because  diagnoses  were  made  of  sarcon^a 
on  account  of  the  perforation  and  partial 
or  complete  destruction  of  the  bone  shell. 

Periosteal  Bone  Lesions.  The  problem 
of  diagnosis  and  the  plan  of  attack  are 
essentially  different  from  those  advocated 
for  central  bone  lesions.  Age  Is  of  no  help 
in  diagnosis.  It  is  very  difficult  in  many 
Instances  to  distinguish  the  periosteal 
sarcoma  with  and  without  bone  formation, 
froni  the  benign  periosteal  lesions  with 
and  without  bone  formation.  I  have  des- 
cribed these  in  the  Journal  o/Kac/to/o!,'y  for 
March,  1920,  and  again  In  August,  1922. 


Up  to  the  present  time,  I  have  but  two 
permanent  cures  after  amputation  for 
periosteal  sarcoma — less  than  4  per  cent, 
and  recently  two  cases  which  reacted 
favorably  to  radium.  In  one,  it  is  perma- 
nent now  two  years;  in  the  other,  there  has 
been  a  recurrence  after  eighteen  months, 
but  improvement  is  showing  again  after 
radium  treatment. 

The  Method  of  Attack  of  Periosteal 
Lesions.  At  the  present  time,  even  with 
a  very  large  experience,  I  am  somewhat  in 
doubt.  I  feel  positive  that  each  case  should 
first  receive  salvarsan,  and  then  .v-ray  and 
radium  treatment.  If  there  is  no  evident 
improvement,  I  am  of  the  opinion  that 
amputation  should  not  be  done  without  a 
microscopic  diagnosis,  except  in  those 
cases  of  periosteal  sarcoma  in  which  the 
diagnosis  can  be  made  positively  with  the 
roentgenogram. 

In  some  surgical  clinics,  where  the  sur- 
geon, or  his  surgical  pathologist,  is  capable 
of  making  a  correct  diagnosis  with  a  small 
element  of  error,  the  decision  as  to  amputa- 
tion can  and  should  be  reached  at  the 
exploration.  In  other  clinics,  where  as  yet 
the  surgeon  and  his  pathologist  have  had 
less  experience,  the  element  of  error  thus 
being  larger,  a  piece  should  be  excised 
with  the  cautery  and  sent  to  a  number  of 
pathologists  for  diagnosis. 

Recent  experience  has  demonstrated 
that  the  number  of  benign  periosteal 
lesions  of  single  bones  resembling  in  the 
.v-ray  films  and  clinically  periosteal  sar- 
coma, Is  Increasing.  These  patients  got 
well  spontaneously,  before  the  days  when 
patients  came  early  for  diagnosis  and 
treatment.  These  benign  periosteal  lesions 
are:  Ossifying  periostitis,  traumatic,  infec- 
tious, syphilitic,  tuberculous;  exostoses, 
and  some  rare  examples  of  osteomyelitis. 
Therefore,  In  view  of  the  fact  that  the  cure 
of  a  periosteal  sarcoma  Is  so  Infrequent 
even  after  amputation,  and  the  possibility 
of  error  Is  yet  so  large,  amputation  should 
be  considered  only  when  otner  means  have 
failed.  It  is  important  to  remember  that 
when  the  lesion  Is  syphilitic,  the  fa\orable 
reaction  to  salvarsan  will  be  rapid.  If 
we  are  to  see  the  good  effects  of  radium 
or  the  -v-rays,  it  should  be  at  once,  within 
two  weeks.  My  experience  Is  chiotl\   with 
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radium;    with    ordinary    .v-ray    therapy    I 
have  observed  no  results. 

Unfortunately,  in  the  traumatic  and 
infectious  ossifying  periostitis,  which,  when 
it  involves  one  bone,  is  characterized  by 
great  difiiculty  in  the  differentiation  from 
sarcoma,  but  the  lesion  reco^■ers  very 
slowly,  there  is  no  reaction  to  salvarsan, 
and  in  my  experience  little  benefit  accrues 
from  .\-rays  or  radium  therapy.  For  this 
reason,  although  the  periosteal  lesion 
shows  no  improvement  after  salvarsan  or 
radium  therapy,  we  must  still  consider  the 
possibility  of  spontaneous  recovery  in 
the  case  of  traumatic  and  infectious  ossify- 
ing periostitis. 

Of  this  latter  group  I  have  made  a  full 
report  on  my  experience  up  to  date  in  the 
Journal  of  Radiology  for  August,  1922. 
This  lesion,  which  I  take  the  liberty  of 
naming  infectious  ossifying  periostitis, 
because  it  resembles  infectious  arthritis, 
has  been  described  in  the  older  literature 
by  Garre  as  non-suppurating  osteomyelitis. 

Conclusions.  This  summary  demon- 
strates how  much  we  still  have  to  learn  in 
the  diagnosis  and  treatment  of  bone  lesions. 

I  venture  to  suggest  that  further  great 
advance  must  rest  upon  the  accumulation 
of  complete  records  with  the  follow-up 
system  which  can  be  restudied  from  time 
to  time.  All  have  a  large  opportunity  to 
join  and  be  helpful  in  this  investigation. 
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DURING  the  last  few  years  ionization 
measurements  ha\e  assumed  con- 
siderable importance  in  radiation  therapy. 
It  may  be  well,  therefore,  to  summarize 
briefly  the  essential  facts  of  such  measure- 
ments, in  order  that  this  information  may 
be  easily  available  to  the  radiologist. 

Ionization.  The  atomic  structure  of 
electricity,  as  well  as  the  atomic  and 
molecular  structure  of  matter,  is  now 
firmly  established.  Electricity  is  made  up  of 
minute  but  discrete  negative  "particles" 
called  electrons,  and  positive  particles 
which,  so  far,  have  been  found  to  be  always 
associated  with  matter.  We  can  say  also 
that  matter  is  entirely  of  electrical  nature 
and  is  made  up  of  groups  of  positive  and 
negative  particles  variously  arranged. 
Atoms  and  molecules  are  normally  neutral, 
that  is,  the  positive  electricity  is  completely 
balanced  by  an  equal  amount  of  negative 
electricity.  But  under  certain  conditions 
a  temporary  unbalance  may  be  brought 
about. 

It  is  well  known  that  some  chemical 
substances,  when  dissolved  in  water,  break 
up  to  a  certain  extent  into  positively  and 
negatively  charged  parts.  These  were 
named  ions  (that  is,  wanderers).  In  recent 
years  the  term  has  been  extended  to 
include  any  atom  or  molecule  or  group 
thereof  in  any  medium  carrying  a  charge 
of  electricity.  The  process  of  producing 
ions  is  called  ionization. 

The  radiations  of  radium  and  .v-rays 
have  the  property  of  ionizing  substances 
in  the  extended  sense.  That  is,  they  are 
capable  of  producing  positively  and  nega- 
tively charged  particles  in  a  substance, 
through  the  liberation  of  electrons  from 
the  atoms.  It  is  important  to  distinguish 
between  this  type  of  ionization  and  electro- 
lytic dissociation.  In  the  latter  case  the 
ions  are  produced  when  the  substance  is 
dissolved  in  water,  and  no  other  agency  is 
necessary.  A  number  of  molecules  break 
up  in  a  certain  dclinite  way,  forming  the 
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required  number  of  ions  to  establish 
equilibrium.  The  ions  then  persist  as  long 
as  the  substance  remains  in  solution.  On 
the  contrary,  the  other  type  of  ionization 
is  dependent  on  an  external  agency  such 
as  radium,  and  gradually  disappears  if  the 
agent  ceases  to  act.  The  extent  to  which 
the  substance  is  ionized  depends  on  the 
ionizing  agent.  But  in  any  case,  a  very 
small  fraction  of  the  total  number  of 
molecules  are  in  the  ionized  state  at  any 
one  time. 

Electric  Current.  Knowing  that  water 
is  made  up  of  molecules,  we  can  think  of  a 
current  of  water  as  the  migration  of  these 
molecules  from  one  point  to  another.  In 
an  analogous  way  an  electric  current  is 
nothing  but  a  number  of  electric  charges 
in  motion.  The  carriers  may  be  electrons 
or  ions,  or  even  dust  particles.  The  essential 
thing  is  that  electric  charges  be  in  motion. 
Just  as  a  force  must  be  applied  to  set 
water  in  motion  (usually  the  force  of 
gravitation)  a  force  must  be  applied  to  the 
electric  charges  to  produce  the  current. 
Such  a  "force"  is  called  an  electromotive 
force  (e.m.f.)  and  is  ordinarily  expressed 
in  volts.  The  terms  "potential"  and 
"voltage"  are  also  used  to  express  the 
same  thing. 

To  form  a  mental  picture  of  the  flow  of 
electricity,  let  us  examine  the  circuit  of 
Figure  i.  G  is  an  electric  generator,  A 
and  B  its  terminals.  The  function  of  the 
generator  (whatever  its  construction)  is 
to  pump  electrons  from  A  to  B  so  that  in 
consequence  A  becomes  positively  and  B 
negatively  charged.  The  more  electrons 
the  generator  tends  to  crowd  into  the 
terminal  B,  the  higher  will  be  the  "pres- 
sure" or  voltage  of  the  machine.  Metals 
possess  the  property  of  ha\ing  free  elec- 
trons, that  is,  electrons  which  are  capable 
of  moving  between  the  molecules.  If  we 
connect  A  and  B  by  means  of  a  wire,  the 
electrons  in  the  metal  will  be  attracted 
by  A  and  repelled  by  B  and,  therefore,  will 
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travel  from  B  to  A  along  the  wire.  This 
would  soon  neutraHze  the  positive  charge 
at  A,  were  it  not  for  the  fact  that  the 
generator  pumps  the  same  number  of 
electrons  away  from  A  and  back  to  B.  A 
fresh  supply  of  electrons  can  then  pass 
through  the  wire  which  closes  the  circuit. 
Since,  however,  the  molecules  of  the  metal 
offer  a  certain  resistance  to  the  passage  of 
the  electrons,  a  condition  is  soon  reached  in 
which  the  opposing  force  is  equal  to  the 
actuating  force.  At  this  point  there  is  a 
continuous  current  passing  through  the 
whole  circuit  depending  in  value  on  the 
e.m.f.  of  the  generator  and  the  resistance  of 


+ 


A 
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Fig.  I. 

the  circuit.!  In  this  example  the  energy 
supplied  by  the  generator  is  all  used  up  in 
overcoming  the  frictional  forces  encount- 
ered by  the  electrons  in  passing  through  the 
molecules.  It  appears  as  heat  in  the  wiring 
of  the  whole  circuit. 

Ionization  Current.  If  to  the  terminals 
A  and  B  we  connect  two  parallel  metal 
plates  insulated  from  each  other  by  an 
air  space,  no  appreciable  current  flows  in 
the  circuit,  even  though  the  e.m.f.  be 
quite  high.  The  reason  is  that  ordinary 
air  contains  no  free  electrons  and  only  a 
very  few  Ions.  Allowing  a  beam  of  x-rays 
to  pass  through  the  air  results  in  the  forma- 
tion of  ions,  and  a  current  is  established. 
The  negative  ions  travel  toward  the  posi- 
tive plate  and  the  positive  ions  toward  the 
negative    plate.    The    magnitude^    of   the 
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current   depends   on   the   number   of  ions 
reaching  the  plates  per  second. 

In  speaking  of  ionization  it  was  men- 
tioned that  the  ions  soon  disappeared  after 
removal  of  the  source  of  ionization.  The 
reason  for  this  is  that  the  Ions  of  opposite 
sign  sooner  or  later  come  in  contact  and 
neutralize  their  charges.  Evidently  the 
same  process  takes  place  while  the  radia- 
tion traverses  the  gas,  and  the  number 
present  at  any  time  is  the  difference 
between  those  which  have  been  formed  and 
those  which  have  recomblned.  Accordingly 
the  number  of  ions  which  reaches  the 
charged  plates  per  second  is  not  necessarily 
the  same  as  the  number  produced  by  the 
radiation,  for  some  may  naxe  recomblned 
en  route.  Obviously,  the  shorter  the  time 
interval  between  the  instant  they  are 
produced  and  the  Instant  they  touch  the 
plates,  the  less  chance  they  have  for 
recombination.  The  speed  of  the  ions, 
other  conditions  remaining  the  same, 
depends  on  the  voltage  between  the 
plates — the  higher  the  voltage  the  faster 
the  speed.  So  that,  evidently.  If  the  voltage 
is  high  enough,  all  the  ions  may  reach  the 
plates  before  any  recombination  has  oc- 
curred. When  this  condition  Is  realized,  we 
obtain  the  maximum  current  which  the 
degree  of  Ionization  of  the  air  permits. 
This  Is  called  the  saturation  current, 
and  can  be  taken  as  a  measure  of  the 
number  of  ions  produced  per  second  In 
the  air  between  the  charged  plates  by  the 
radiation.  It  Is,  perhaps,  hardly  necessary 
to  mention  that  the  farther  apart  the 
plates  are,  the  higher  the  voltage  must  be 
to  obtain  the  saturation  current.  Also 
the  more  intense  the  ionization  is,  the 
higher  the  voltage  must  be,  since  recom- 
bination can  take  place  more  easily. 

From  the  preceding  discussion  it  is 
apparent  that  to  establish  an  ionization 
current.  In  addition  to  the  presence  of  Ions, 
It  Is  necessary  that  they  travel  to  the 
charged  plates.  Furthermore,  to  obtain 
saturation  current  It  Is  necessary  that  they 
reach  the  plates  before  they  have  had  an 
opportunity  to  recomblne.  The  mobility 
of  the  ions  Is,  therefore,  an  Important  factor 
In  this  connection.  In  gases  tney  can  move 
freely.  But  remembering  that  Ions  are 
always  of  molecular  dimensions,  we  can 
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readily  see  that  their  motion  must  be  con- 
siderably impeded  in  solids  and  liquids. 
Therefore,  in  spite  of  the  much  more 
intense  ionization  on  account  of  the  closer 
packing  of  the  molecules,  ionization  cur- 
rents- in  solids  and  liquids  are,  in  general, 
much  smaller  than  in  gases.  In  addition, 
it  is  very  difficult  to  obtain  saturation 
current.  In  practice,  air  or  some  other 
gas  is  ordinarily  used  as  the  ionizable 
medium. 

Measurir^g  Instruments.  We  have  seen 
how  saturation  current  is  obtained  when 
the  ions  are  carried  to  the  charged  plates 
before  they  have  had  a  chance  to  recom- 
bine.  Under  these  conditions  the  resultant 
electric  current  is  a  measure  of  the  number 
of  ions  produced  per  second  in  the  air 
between  the  plates  by  the  ionizing  agent. 
Therefore,  if  we  determine  the  value  of  the 
saturation  current  we  know  the  degree  of 
ionization  in  the  air,  and,  if  we  wish,  the 
number  of  ions  produced  per  second. 
Ionization  currents  of  this  type  are  ex- 
tremel\  small  in  comparison  to  ordinary 
electric  currents.  For  their  measurement, 
therefore,  very  sensitive  electrical  instru- 
ments must  be  employed. 

All  instruments  for  ionization  measure- 
ments consist  of  three  essential  parts: 
(i)  The  ionization  chamber  m  which  the 
ions  are  produced;  (2)  the  electrical  instru- 
ment which  is  to  measure  the  ionization 
current;  (3)  a  suitable  connection  between 
the  two.  A  source  of  potential  is  also 
necessary. 

The  ionization  chamber  can  be  of  any 
desired  shape  or  size.  In  its  rudimentary 
form  it  consists  of  two  electrically  con- 
ducting surfaces  properly  insulated  from 
each  other  and  with  an  air  space  between 
them.  The  whole  should  be  enclosed  in  a 
metal  case  or  other  conducting  envelope 
and  grounded,  to  avoid  electrical  distur- 
bances and  air  currents.  The  voltage  to  be 
applied  to  the  insulated  surfaces  to  obtain 
saturation  current  depends  on  the  distance 
between  them  and  the  intensity  of  the 
radiation  to  be  measured.  The  pressure 
of  the  air  or  gas  in  the  chamber  has  an 
influence  on  the  minimum  voltage  to  be 
used.  In  general,  air  at  atmospheric  pres- 


sure is  made  use  of  and  the  voltage 
applied  is  higher  than  is  actually  needed. 

The  electrical  instrument  used  must  be 
capable  of  measuring  a  very  small  electric 
current.  Ordinary  ammeters  or  milliam- 
meters  or  even  microammeters  are  not 
sensitive  enough  for  the  usual  ionization 
measurements.  The  most  sensitive  galvano- 
meters made  can  be  used,  provided  the 
ionization  current  is  sufficiently  large. 
The  operation  ot  a  gaKanometer  is  based 
on  the  fact  that  a  coil  of  wire  through  which 
a  current  flows  becomes  magnetized,  and 
that  the  degree  of  magnetization  depends 
on  the  strength  of  the  current.  In  agah'ano- 
meter  the  electromagnet  thus  formed  is 
made  to  interact  with  a  permanent  magnet, 
and  motion  of  either  one  of  them  results.  In 
the  D'Arsonval  galvanometer  the  coil  is 
suspended  between  the  poles  of  a  perma- 
nent magnet  by  means  of  a  \ery  tme  siKer 
strip.  To  the  coil  is  attached  a  small  mirror, 
and  the  two  turn  through  an  angle  when  a 
current  passes  through  the  coil.  By  pro- 
jecting a  beam  of  light  on  the  mirror,  the 
reflected  beam  can  be  made  to  mo\e  over  a 
scale  and  the  motion  of  the  coil  be  thus 
observed.  The  light  beam  serves  as  a 
weightless  pointer  of  any  desired  length, 
and  increases  the  apparent  sensitivity  of 
the  instrument.  This  is  the  most  practical 
type  of  galvanometer.  The  other  type 
(Thompson  galvanometer)  in  which  the 
permanent  magnet  forms  the  moving  ele- 
ment, while  it  can  be  made  more  sensitive, 
is  more  easily  influenced  by  external  mag- 
netic fields  and  is  not  so  reliable.  With  the 
D'Arsonval  galvanometer  of  the  highest 
sensitivity  made  by  the  Leeds  and  North- 
rup  Company,  currents  as  small  as  10-^" 
ampere^  can  be  measured. 

A  great  many  ionization  measurements 
are  made  in  which  the  current  is  much 
smaller  than  that  which  a  galvanometer 
can  measure.  In  such  cases  no  electro- 
dynamic  instrument  can  be  used,  and  we 
have  to  adapt  electrostatic  instruments 
for  current  measurements.  The  simplest 
of  these  devices  is  the  gold  leaf  electro- 
scope. The  essential  parts  are  shown  in 
Figure  2.  A  strip  of  gold  leaf  G,  about 
2  mm.  wide  and  25  mm.  long,  is  attached 
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at  one  end  to  a  flat  brass  post  P  which  is 
supported  on  a  good  insulator  /.  The  metal 
case  C,  which  houses  the  leaf,  may  be  of 
any    desired    size    and    thickness.    If   the 
electroscope  is  to  be  used  with  an  ioniza- 
tion chamber,  a  wire,  W,  which  is  carefully 
insulated   from  the  case,   is  connected  to 
the  leaf  post.  The  leaf  system,  including 
the  wire  which  is  connected  to  one   elec- 
trode of  the  ionization  chamber,  is  charged 
to  a  voltage  of  about  300  \olts  by  making 
contact  with  a  suitable  source  of  potential 
through    the    rod    jR.    This    means    that 
electricity    is    "pumped"    into    the    leaf 
system  at  a  certain  "pressure"  or  voltage. 
On    account    of    the    force    of    repulsion 
between  the  electricity 
in   the    gold    leaf    and 
that    in   the   post,  the 
leaf  assumes  a  position 
such     as     at     a.     The 
higher     the     charging 
potential,   the    farther 
will  the  leaf  stand  out 
from    the    post.    Each 
position     then    corres- 
ponds    to    a     definite 
voltage.    If  the  rod  R 
is    withdra\\n,    a   defi- 
nite amount  of  electric- 
ity   is    left    in    the   leaf   system,  and  the 
leaf  remains    away  from   the  post.  When 
the     ionization    chamber    is    exposed    to 
radiation,    the    ions    which    are     formed 
carry   away  the   electricity  from  the  leaf 
system    more    or    less    rapidly,    depend- 
ing   on    the    intensity    of   the    ionization. 
As  a  result,  the  leaf  gradually  falls  back 
to   its   vertical   position.   The   rapidity  of 
motion   is  proportional  to   the   ionization 
current.  In  practice  a  stop-watch  is  used 
to  determine  the  time  it  takes  the  leaf  to 
travel,  let  us  say,  from  position  a  to  posi- 
tion b.  This  time  is  inversely  proportional 
to   the   value   of   the   ionization   current. 
The  motion  of  the  leaf  is  usually  observed 
by  means  of  a  microscope. 

A  mechanical  analogy  will  make  the 
operation  of  an  electroscope  clearer.  The 
charging  of  the  instrument  is  analogous 
to  the  inflating  of  a  tire,  the  gold  leaf  cor- 
responding to  the  pointer  of  a  pressure 
gauge  attached  to  the  tire.  If  the  air  com- 
pressor  is   disconnected    and    there   is    no 


leak,  the  pointer  of  the  gauge  remains 
stationary.  We  then  allow  the  air  to 
escape  slowly  through  the  valve.  The  faster 
the  air  leaks  out,  the  more  rapidly  will  the 
pomter  move  toward  the  zero  of  the  gauge. 
If  we  measure  the  time  it  takes  the  pointer 
to  move  from  the  60  to  the  50  pound  mark 
on  the  dial,  for  dift'erent  openings  of  the 
valve  we  can  determine  the  relative 
amounts  of  air  flowing  per  second  for 
\'arious  valve  settings.  It  will  be  noted 
that  this  does  not  tell  us  how  many  cubic 
inches  of  air  are  flowing  out  per  second 
for  any  one  setting;  but  simply  that  for 
one  setting,  say  twice  as  much  air  escapes 
per  second   as  compared  to  the   flow   for 
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another  setting.  To  determine  the  actual 
flow  of  air  a  special  calibration  is  neces- 
sary. Similarly,  in  the  case  of  the  electro- 
scope the  readings  which  we  obtain  are 
relative.  The  analogy  can  be  carried 
further.  The  time  required  by  the  gauge 
pointer  to  travel  from  the  60  to  the  50 
pound  mark  depends  also  on  the  capacity 
of  the  tire.  The  larger  the  tire  the  more 
air  must  flow  out  for  this  reduction  in 
pressure.  In  the  case  of  the  electroscope, 
the  larger  the  electrical  capacity  of  the 
leaf  system,  the  longer  it  will  take  the 
leaf  to  move  between  any  two  given  points. 
Therefore,  to  make  this  time  short  and 
thus  increase  the  sensitivity  of  the  electro- 
scope, we  should  make  the  electrical 
capacity  of  the  instrument  small. 

An  electroscope  can  be  used  without 
an  additional  ionization  chamber,  for  in 
itself  it  is  one.  The  leaf  is  at  a  high  potential 
while  the  case  is  at  ground  potential,  and 
therefore  if  the  air  is  ionized  a  current  can 
flow    between   the   two.   This   is   the   way 
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an  electroscope  is  used  ordinarily.  It  has 
then  a  small  capacity  and  is  very  sensitive. 
When  used  in  conjunction  with  an  ioniza- 
tion chamber,  special  precautions  must  be 
taken  to  make  sure  that  the  current  we 
measure  is  produced  in  the  chamber  and 
not  in  the  electroscope  proper.  This  means 
that  the  latter  should  be  as  small  as  pos- 
sible, and  made  of  thick  lead  to  exclude  the 
radiation  which  is  to  affect  only  the  air  in 
the  ionization  chamber. 

We  may  now  contrast  the  operation  of 
the  galvanometer  and  the  electroscope. 
The  former  is  an  electrodynamic  instru- 
ment, that  is,  it  measures  electricity  in 
motion.  Corresponding  to  a  given  electric 
current  flowing  through  it  there  is  a  definite 
position  at  which  the  coil,  and  hence  the 
beam  of  light,  comes  to  rest.  It  will  remain 
stationary  as  long  as  the  same  current 
flows  through.  The  electroscope  is  an 
electrostatic  instrument,  that  is,  it  mea- 
sures electricity  at  rest.  Corresponding  to 
the  amount  of  electricity  which  the  leaf 
system  contains  (or  what  amounts  to  the 
same  thing,  to  the  voltage  of  the  system) 
there  is  a  definite  position  which  the  leaf 
will  assume.  It  will  remain  stationary  as 
long  as  the  same  amount  of  electricity 
remains  in  the  leaf  system.  If  the  electro- 
scope is  to  be  used  for  current  measure- 
ments, an  additional  instrument,  that  is, 
a  stop-watch,  is  needed.  In  this  respect 
it  is  not  so  convenient  as  a  galvanometer, 
but  since  it  is  more  sensitive  it  is  more 
suitable  for  ionization  measurements.  It 
is  also  simpler,  more  rugged,  and  requires 
less  attention  than  a  galvanometer. 

The  third  important  part  of  an  ioniza- 
tion meter  is  the  electrical  connection 
between  the  chamber  and  the  measuring 
instrument  proper.  This  usually  consists 
of  a  wire  with  proper  insulation.  In  the 
case  of  electrostatic  instruments  it  is 
important  that  the  wire  be  as  small  as 
possible,  to  make  the  electrical  capacity 
of  the  system  small  if  a  high  sensitivity  is 
desired.  The  wire  must  also  be  shielded 
from  electrical  disturbances.  This  is  accom- 
plished by  enclosing  it  in  a  metal  tube, 
which  is  then  connected  to  earth.  This 
tube  should  be  fairly  large  if  a  low  capacity 
is  recjuircd.  When  penetrating  radiation  is 
to  be  measured  b\  the  ionization  chamber 


it  is  important  that  the  current  result  only 
from  the  ionization  in  the  chamber.  For 
this  reason  the  metal  shield  for  the  wire 
should  be  filled  with  a  solid  insulating 
substance  in  which  no  appreciable  ioniza- 
tion current  is  produced  by  the  radiation. 
In  some  cases  it  is  better  to  make  the  walls 
of  the  tube  of  sufiicient  thickness  to  shut 
off  the  radiation  from  the  air  in  the  tube. 
This  precaution  must  be  taken  for  the 
electrostatic  instrument  itself. 

The  question  of  the  proper  substances 
to  use  to  secure  good  electrical  insulation 
is  of  great  importance.  There  are  no  perfect 
insulators,  but  some  are  better  than  others. 
Amber  is  the  best,  and  sulphur,  hard 
rubber,  pure  gum  rubber,  and  paratlm  are 
good.  Aside  from  the  fact  that  they  are 
conductors  to  a  slight  extent,  they  exhibit 
a  peculiar  property  of  "absorbing"  electric- 
ity when  in  contact  with  a  charged  body. 
This  electricity  is  then  given  up  slowly 
when  the  body  is  discharged.  In  practical 
measurements  this  "soaking  action"  has 
the  effect  of  increasing  or  decreasing  the 
current  measured  by  the  instrument, 
according  to  the  way  it  is  used.  Smce  the 
degree  of  soaking  depends  on  the  time  the 
insulator  is  in  contact  with  a  charged  body 
and  the  inter\'al  between  successive  dis- 
charges, the  error  introduced  is  \ariable. 
This  is  the  most  insidious  source  of  error 
in  ordinary  ionization  measurements  with 
electrostatic  instruments.  Special  precau- 
tions must  be  taken  to  insure  uniformity 
of  results. 

The  leakage  of  electricity  through  the 
insulator,  which  takes  place  principally 
by  surface  conduction,  can  be  taken  care 
of  by  applying  a  correction  to  the  measure- 
ments. At  the  same  time,  correction  is  also 
made  for  ionization  currents  which  may 
be  set  up  in  parts  of  the  apparatus  other 
than  the  ionization  chamber  proper,  and 
for  the  current  which  may  exist  even 
though  the  source  of  radiation  may  not  be 
acting  on  the  apparatus.  The  correction 
is  made  as  follows:  The  current  measured 
by  the  instrument  when  the  ionization 
chamber  is  exposed  to  radiation  is  made  up 
of  two  parts:  (i)  that  due  to  the  ioniza- 
tion in  the  chamber  produced  by  the  radia- 
tion, and  (2)  that  due  to  any  other  cause 
— conduction    bv    the    insulators,    natural 
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ionization  of  tlie  air,  stray  radiation,  etc. 
If  we  protect  the  ionization  chamber  from 
the  source  of  radiation,  then  the  only  cur- 
rent measured  by  the  instrument  is  part 
2.  By  subtraction  we  obtain  part  i, 
which  is  the  current  we  are  interested  in. 
For  accurate  measurements  the  "lealcage" 
current  (part  2)  should  be  small  in  com- 
parison to  the  current  we  wish  to  measure. 
When  a  galvanometer  is  used  in  connec- 
tion with  an  ionization  chamber,  the 
question  of  insulation,  soaking,  etc.,  is  of 
relatively  little  importance. 

All  instruments  used  for  ionization 
measurements  give  only  relative  values. 
A  calibration  of  each  instrument  is  there- 
fore necessary.  The  unit  adopted  depends 
on  the  use  to  which  the  instrument  is  put. 
Thus  for  radium  measurements  the  unit 
is  the  milligram  of  radium  element;  for 
radiotherapy  it  may  be  the  skin  erythema 
dose  or  any  other  unit.  Whatever  unit  we 
select,  the  instrument,  for  accurate  work., 
must  be  calibrated  every  time  it  is  used, 
because  variations  occur  over  which  we 
have  no  control.  The  best  way  to  calibrate 
or  standardize  an  instrument  is  by  means 
of  a  radium  tube  placed  in  the  neighbor- 
hood of  the  ionization  chamber,  always 
under  identical  conditions. 

Radiation  Measurements.  Ordinarily  in 
makmg  ionization  measurements  we  are 
not  interested  in  the  ionization  per  se,  but 
rather  in  the  radiation  which  produces  it. 
The  intensity  of  radiation  at  any  gi\'en 
point  is  defined  as  the  amount  of  radiant 
energy  passing  per  second  through  an 
area  of  i  sq.  cm.  placed  at  right  angles  to 
the  line  of  propagation  at  the  point  in 
question.  It  varies  inversely  as  the  square 
of  the  distance  from  a  point  source.  To 
determine  it  experimentally  it  is  necessary 
to  measure  the  amount  of  energy  in  the 
form  of  radiation  which  falls  on  a  surface 
of  known  area  during  a  certain  time.  In 
the  case  of  heat  or  light  this  is  a  relatively 
simple  procedure.  But  in  the  case  of  very 
penetrating  .v-rays  or  gamma  rays  it  is 
extremely  difficult.  There  is  no  instrument 
which  measures  radiation  as  such.  Before 
a  measurement  can  be  made,  the  radiant 
energy  must  be  transformed  into  some 
other  form  which  can  be  measured.  This 
means  that  the  beam  of  radiation  whose 


intensity  we  wish  to  determine  must  be 
absorbed  completely.  On  account  of  the 
great  penetrating  power  of  x-rays  and 
gamma  rays,  a  large  mass  of  matter  (such 
as  lead)  is  necessary  for  complete  absorp- 
tion. As  a  result,  the  energy  is  distributed 
through  a  large  volume  and  is  too  small  to 
be  measured  as  heat,  for  instance. 

When  radiation  ionizes  a  gas,  it  loses 
some  of  its  energy,  for  w'ork  must  be  done 
to  separate  positive  and  negative  electric- 
ity on  account  of  the  force  of  attraction 
between  the  two.  If  all  the  radiant  energy 
were  used  up  in  producing  ions  in  the  gas, 
and  we  measured  the  resultant  ionization, 
we  could  determine  the  intensity  of  the 
radiation.  This,  however,  is  not  practical, 
for  the  ionization  chamber  would  have  to 
be  extremely  long.''  Ordinary  ionization 
measurements  are  made  with  relatiN'ely 
small  chambers,  and  so  only  a  small  part 
of  the  radiation  is  used  up  in  producing 
ions  within  it.  This  would  be  no  objection, 
were  it  not  for  the  fact  that  the  fraction 
of  the  radiation  thus  absorbed  is  different 
for  different  qualities  of  radiation.  Thus  a 
beam  of  soft  .v-rays  may  produce  an  intense 
ionization,  whereas  a  beam  of  gamma  rays 
will  ionize  the  gas  only  slightly,  although 
the  total  energy  in  the  two  beams  may  be 
the  same.  We  may  conclude,  therefore,  that 
ionization  measurements  of  radiations  of 
different  quality  made  with  the  same 
instrument  do  not  represent  the  lelative 
intensities  of  the  radiation.  If,  however, 
we  measure  two  beams  of  radiation  of 
identical  quality  with  the  same  instru- 
ment, the  results  give  us  a  measure  of  the 
relatne  intensities.  These  two  facts  must 
always  be  borne  in  mind  in  interpreting 
ionization  measurements  of  radiation. 

Aside  from  the  fact  that  radiation  of 
different  quality  is  absorbed  to  a  different 
extent  by  the  air  (or  other  gas)  of  an 
ionization  chamber,  there  are  other  factors 
which  must  be  considered.  The  electrical 
instrument,  by  proper  precaution,  mea- 
sures the  ionization  of  the  air.  This, 
howe\er,  is  not  produced  solely  by  the 
primary  beam  which  traverses  the  cham- 
ber. The  radiation  which  impinges  on 
its  walls  is  partly  scattered  in  all  directions, 

*  To  absorb  09  per  cent  of  the  gamma  radiation  a  column  of  air 
nearly  one-half  a  mile  long  would  be  necessary. 
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and  this  scattered  radiation  will  contribute 
to  the  ionization.  The  latter  is  also 
increased  by  the  action  of  the  secondary 
and  the  characteristic  radiations.  The 
relative  importance  of  the  different  fac- 
tors which  produce  the  total  ionization 
measured  by  the  electrical  instrument 
depends  on  the  quality  of  the  radiation 
and  the  material  of  which  the  chamber  is 
made. 

Relation  between  Ionization  Measure- 
ments o/  Radiation  and  Biological  Effects. 
It  is  very  likely  that  the  biological  effects 
of  radiation  are  closely  related  to  the 
ionization  produced  in  the  tissues  irradi- 
ated. It  would  be  desirable,  therefore, 
to  measure  such  ionization.  However,  the 
normal  electrical  conductivity  of  tissues 
is  relatively  large,  so  that  the  increase  in 
the  current  which  can  be  passed  through 
them,  due  to  the  ionizing  action  of  radia- 
tion, is  completely  masked.  On  this  account, 
what  is  ordinarily  done  is  to  attempt  to 
correlate  biological  effects  and  ionization 
in  the  air  of  an  ionization  chamber. 
We  shall  examine  this  problem  to  deter- 
mine, if  possible,  under  what  conditions 
we  may  expect  a  parallelism  between  the 
two — biological  effects  and  ionization 
measurements.  To  simplify  our  inquiry  we 
shall  assume  that,  other  conditions  being 
the  same,  the  biological  effect  is  propor- 
tional to  the  ionization  produced  in  the 
tissues  by  the  radiation.  Our  problem, 
therefore,  is  reduced  to  the  comparison  of 
tissue  and  air  ionization  under  different 
conditions.  If  we  can  establish  a  parallel- 
ism between  these  two,  then  ^\e  may 
expect  a  parallelism  between  biological 
effects  and  air  ionization.  On  the  other 
hand,  if  there  is  no  parallelism  between 
tissue  and  air  ionization,  we  cannot  reason- 
ably expect  a  parallelism  between  biologi- 
cal effects  and  air  ionization. 

It  has  been  stated  previously  that  the 
ionization  in  the  air  of  an  ionization 
chamber  depends  not  only  on  the  energy 
which  is  absorbed  by  the  air  from  the 
primary  beam,  but  also  on  the  energy 
which  is  absorbed  by  it  from  the  scattered, 
secondary,  and  characteristic  radiations 
set  up  in  the  materials  of  which  the  chamber 
is  made.  We  may  conclude  at  the  outset, 
thcrc'foic,    that    the    construction    of    the 


ionization  chamber  must  be  taken  into 
account.  Scattered,  secondary,  and  charac- 
teristic radiations  are  also  invoked  in 
tissue  ionization.  The  relative  importance 
of  each  depends  on  the  quality  of  the 
radiation  which  gives  rise  to  them,  and  on 
the  material  in  which  they  are  set  up. 
It  follows,  therefore,  that  if  we  desire  a 
close  relation  between  tissue  and  air  ioniza- 
tion for  different  qualities  of  radiation,  we 
must  make  our  ionization  chamber  of 
some  material  which  has  nearly  the  same 
chemical  composition  as  tissue.  Friedrich,^ 
after  a  careful  experimental  investigation, 
concluded  that  for  therapeutic  x-rays  a 
small  ionization  chamber  made  of  horn  and 
graphite  is  satisfactory. 

Let  us  consider  now  some  of  the  measure- 
ments which  we  may  wish  to  make  in 
practice.  All  ionization  measurements  in 
which  the  quality  of  radiation  remains  the 
same  are  comparable  to  tissue  ionization. 
For  instance,  suppose  we  give  an  x-ray 
treatment  with  a  definite  set  up  and  we 
find  that  an  erythema  dose  is  obtained  in 
60  min.  when  a  current  of  3  ma.  flows 
through  the  Coolidge  tube.  We  then  wish 
to  use  6  ma.  of  current  with  the  same  set 
up,  but  we  are  not  sure  that  the  milliam- 
meter  is  calibrated  correctly.  If  the  voltage 
on  the  tube  and  the  filter  are  the  same  in 
the  two  cases,  the  quality  of  the  radiation 
is  substantially  the  same.*  Ionization 
measurements  can  then  be  relied  upon  to 
give  the  correct  dose  for  the  6  ma.  setting, 
even  though  the  milliammeter  may  not 
read  correctly.  In  this  case  the  construction 
of^  the  ionization  chamber  is  of  little 
importance.  It  may  be  made  of  a  metal  or 
any  suitable  material.  Since  the  quality 
of  the  radiation  is  the  same  in  the  two 
measurements,  the  ionization  produced  in 
the  chamber  bears  a  constant  relation  to 
the  tissue  ionization,  irrespective  of  the 
intensity  of  the  radiation."  That  is,  let  us 
suppose  that  the  ionization  in  the  chamber 
is  I  and  that  in  the  same  volume  of  tissue 
is  1,000  when  the  3  ma.  treatment  is 
given.  Then  for  6  ma.,  the  two  will  be  2 
and    2,000    respectively,    if    the    meter  is 

>  Kroenig.  B.  and  Friedrich,  W.  Physikalische  und  Biolog- 
ische  Grundlagen  dcr  Strahlentherapie.  English  translation  by 
Dr.  Henry  Schmitz. 

'  A  slight  difference  may  exist  on  account  of  the  rectifier  in 
the  circuit. 

'  It  i.s.  of  course,  assumed  that  the  necessary  precautions  as  to 
saturation  current,  insulation,  etc..  are  taken. 
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correct.  In  any  case,  as  long  as  the  same 
ionization  chamber  and  the  same  quality 
of  radiation  are  used,  the  tissue  ionization 
will  be,  say  i,ooo  times  larger  than  the  air 
ionization.  Dosage  based  on  ionization 
measurements  under  these  conditions, 
therefore,  will  be  quite  accurate  (provided 
extreme  variations  in  the  time  of  treatment 
are  avoided).  If  a  different  ionization 
chamber  is  used,  the  relation  between 
tissue  and  air  ionization  may  be  500  or  any 
other  figure,  but  it  will  remain  constant  as 
long  as  the  same  chamber  and  the  same 
quality  of  radiation  are  employed. 

This  fact  is  made  use  of  in  the  measure- 
ment of  radium.  Here  the  air  ionization 
bears  a  constant  relation  to  the  amount  of 
radium  placed  in  a  definite  position. 
Double  the  ionization  means  double  the 
amount  of  radium,  and  so  on.  The  radium 
content  of  an  unknown  tube  is  then  deter- 
mined by  comparing  the  ionization 
produced  in  the  instrument  with  the  ioniza- 
tion produced  by  a  known  amount  of 
radium.  Whether  a  good  instrument  is 
made  of  brass,  lead,  or  gold  has  no  influ- 
ence on  the  result. 

The  construction  of  the  ionization  cham- 
ber is  also  of  little  importance  (provided 
it  is  not  too  large)  when  dosage  measure- 
ments are  made  for  different  target- 
skin  distances.  Here  again  the  voltage 
and  filtration  must  remain  the  same  in 
order  that  the  quality  of  the  radiation 
shall  be  the  same.  Both  the  milliamperes 
and  the  target-skin  distance  can  be  varied 
simultaneously,  and  by  ionization  measure- 
ments, without  special  precautions,  we  can 
obtain  the  proper  dosage. 

Before  taking  up  the  problem  of  ioniza- 
tion measurements  of  radiation  of  differ- 
ent quality,  there  is  another  point  which 
deserves  mention.  Supposing  we  have  a 
tube  of  radium  screened  by  2  mm.  of 
brass  and  a  few  mm.  of  rubber  so  that  we 
get  only  gamma  radiation.  From  clinical 
experience  we  may  know  that  if  the  tube 
is  placed  at  a  distance  of  4  cm.  from  the  skin 
of  the  patient,  a  treatment  of  2,600  mgm. 
hrs.  will,  in  general,  produce  a  definite 
erythema.  We  should  like  to  know  what 
milligram-hour  dose  to  use  to  produce  the 
same  effect  when  the  same  tube  is  placed 
directly  on  the  skin.  Since  the  quality  of 


the  radiation  is  identical  In  the  two  cases, 
from  what  has  been  said  so  far  we  might 
conclude  that  the  proper  dose  can  be 
obtained  by  measurements  with  any  avail- 
able ionization  chamber.  This,  of  course, 
is  not  the  case,  because  the  distribution  of 
the  radiation  within  the  ionization  chamber 
must  be  considered.  In  the  above  example, 
if  a  small  chamber  is  used,  the  rays  travers- 
ing it  are  nearly  parallel  when  the  tube  is 
placed  at  a  distance  of  4  cm.,  but  they 
diverge  rapidly  when  the  tube  is  placed 
directly  on  the  chamber.  The  ionization 
in  the  first  case  is  fairly  uniform  through- 
out the  air  of  the  chamber,  but  very  far 
from  uniform  in  the  second  case.  While 
this  is  also  true  of  the  tissue  ionization  in 
the  two  cases,  the  relative  distribution  for 
air  and  tissue  is  quite  different  on  account 
of  the  much  greater  absorption  of  radia- 
tion by  tissue.  Under  these  conditions  we 
cannot  expect  a  parallelism  between  air 
ionization  measurements  and  biological 
effects. 

The  question  of  the  relative  distribution 
of  ionization  within  the  chamber  and  in 
tissue  is  of  still  greater  importance  when 
radiation  of  different  quality  is  employed. 
In  such  cases  a  relative  variation  in  the 
distribution  of  ionization  in  air  and  tissue 
may  take  place  in  spite  of  the  equality  of 
distance.  In  addition,  the  relative  absorp- 
tion of  the  primary,  scattered,  secondary, 
and  characteristic  radiations  may  be  quite 
different,  depending  on  the  difference  in 
the  quality  of  the  primary  radiation.  On 
this  account  the  ratio  between  tissue  and 
air  ionization  does  not  remain  the  same, 
and  we  cannot  expect  ionization  measure- 
ments to  check  biological  efi'ects.*  When, 
however,  radiations  of  the  same  type  and 
slightly  different  quality  are  compared, 
the  discrepancy  is  slight.  If,  in  addition, 
the  ionization  chamber  is  made  of  organic 
materials,  the  quality  of  the  radiation  may 
vary  considerably  without  introducing  too 
large  an  error  for  practical  purposes.  It 
should  be  mentioned  in  this  connection 
that  a  discrepancy  of  even  10  per  cent  is 
hard  to  detect  in  clinical  work. 

8  This  -is  clearly  brought  out  by  experiments  reported  in  a 
previous  paper  (Some  problems  in  radiation  therapy,  by  G. 
Failla.  E.  E..  Edith  H.  Quimby.  M.  A.,  and  Archie  Dean,  M.D. 
Am.  J.  Roentgenol..  1922,  ix.  479)  where  beta  and  gamma  ray 
doses,  empirically  determined,  were  compared  with  ionization 
measurements. 


56 


Comparative  Measurements  between  Radium  and  X-Rays 


In  conclusion,  we  may  say  that  ioniza- 
tion measurements  of  radiation  for 
therapeutic  purposes  are  rehabie,  provided 
the  quality  of  the  radiation  and  the  dis- 
tribution of  the  ionization  in  the  chamber 
are  not  very  different  for  the  different 
measurements.  The  instrument  should  be 


properly  designed  and  constructed  as 
regards  the  type  of  ionization  chamber, 
insulation,  electrical  shielding,  screening 
from  extraneous  radiation,  and  saturation. 
It  should  be  calibrated  every  day,  or 
oftener  if  a  change  is  suspected,  by  means 
of  a  radium  standard. 


COMPARATIVE    MEASUREMENTS    BETWEEN    RADIUM 
AND  X-RAYS  CONCERNING  ENERGY  ABSORBED 

AT  DEPTH* 

BY    HARVEY    R.    GAYLORD,    M.D.,    AND    K.    WILHELM    STENSTROEM,    PH.D. 

State  Institute  for  the  Study  of  Malignant  Disease 
BUFFALO,    NEW    YORK 


THE  improvement  of  the  .v-ray  tube  has 
made  it  possible  to  raise  the  voltage  of 
x-ray  apparatus  to  200  kv.  or  better,  and 
the  question  has  arisen  as  to  whether  high 
voltage  x-rays  can  compete  with  radium 
in  large  amounts  for  external  radiation. 

The  advantage  of  radium  has  been  that 
it  gives  off  rays  of  much  shorter  wave- 
length than  have  yet  been  obtained  by 
any  form  of  x-ray  apparatus.  Our  mterest 
in  high  voltage  x-rays  was  strengthened 
by  the  clinical  results  obtainable  with  large 
amounts  of  radium,  and  led  us  to  believe 
that  it  would  be  possible  with  improved 
output  in  the  matter  of  short  wave-lengths 
from  the  x-ray  tube,  to  obtain  better 
clinical  results  than  had  previously  been 
the  case. 

Having  at  our  disposal  both  an  adequate 
amount  of  radium,  and  x-ray  apparatus 
capable  of  continuous  operation  at  200,000 
volts,  we  have  attempted  to  determine 
the  relative  penetrating  quality  of  these 
two  agencies  by  measurements  at  similar 
distances  and  similar  distribution. 

The  effect  of  radium  and  x-rays  upon 
tissue  seems  to  be  proportional  to  the 
amount  of  energy  absorbed,  whether  the 
rays  are  hard  or  soft,  x-rays  or  gamma  rays. 
To  measure  the  effective  intensity  of  such 
rays  at  a  gi\en  point,  an  instrument  must 
be  used  which  absorbs  these  rays  in  the 
same  proportion  as  does  the  tissue. 

Friedrich  has  perfected  a  special  kind  of 
ionization    chamber    which    accomplishes 


this  result.  Following  the  description  given 
by  Friedrich,  we  have  built  ionization 
chambers  of  this  kind,  and  have  used  them 
in  the  measurements  about  to  be  described. 
To  determine  how  closely  measurements 
obtained  with  these  instruments  approxi- 
mate the  biological  reaction  of  the  tissues 
to  radiation,  we  carried  out  the  following 
experiments: 

1 .  We  wished  to  determine  the  erythema 
dose  for  a  new  x-ray  system  where  this 
was  not  known.  With  one  of  the  chambers, 
we  measured  the  intensity  at  6  cm.  distance 
from  a  radium  pack,  and  then  the  intensity 
at  30  cm.  distance  from  the  target  of  the 
x-ray  tube  actuated  by  a  current  of  200 
kv.  Knowing  the  erythema  dose  of  the 
radium  pack,  we  were  able  to  compute  the 
skin  dose  for  the  .\-ray  system.  In  actual 
practice,  the  computed  dose  was  exactly 
right.  A  few  months  later,  when  a  second 
machine  was  installed,  we  were  able  to 
repeat  this  procedure  with  the  same  results. 
The  construction  of  the  two  x-ray  machines 
was  based  upon  different  principles  of 
rectification. 

2.  The  intensity  of  x-rays  was  measured 
after  passing  through  a  paraffin  block  4 
cm.  in  thickness.  Adjacent  parts  of  skin 
were  now  selected.  A  computed  erythema 
dose  for  the  skin  was  given  upon  the  bare 
skin.  The  paraffm  block  was  placed  upon 
adjacent  skin,  and  a  computed  erythema 
dose  for  the  skin  beneath  the  block  was 

block.  The  two  areas 


given  through  the 


•  Road  at  the  Seventh  Annual   Meeting  of  The  American  Radum  Society,  St.  Louis,  Mo..  May  33-33.  1933. 
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of  erythema  which  developed  were  practi- 
cally identical,  although  the  time  of 
exposure  through  the  block  was  twice  that 
of  the  direct  skin  exposure. 

It  is  well  known  that  the  absorption 
coefTicients  of  the  human  body,  water,  and 
certain  organic  substances  such  as  parafTm 
and  beeswax,  are  approximatelj'  the  same, 
and  that  these  substances  may  be  used  in 
experiments  to  determine  the  absorption 
and  scattering  of  radiation  projected  into 
human  tissues. 

These  measurements  were  made  with  a 
trough  containing  water,  surface  measure- 
ments upon  the  surface  of  a  trough,  and 
depth  measurements  through  the  trough, 
with  a  second  trough  behind  the  ioniza- 
tion chamber  to  represent  tissues  of 
greater  depth,  the  ionization  chamber 
being  always  placed  in  the  center  of  the 
field. 

In  the  experiments  made  to  determine 
the  erythema  dose  for  the  unmeasured 
^■-ray  machines,  the  wall  of  the  ionization 
chamber  was  made  of  celluloid  and 
graphite,  and  contained  a  volume  of  about 
1.5  c.c.  The  chamber  and  the  electroscope 
were  connected  by  an  insulated  wire  passing 
through  a  brass  tube  which  extends  through 
a  lead  wall  between  the  operating  room 
and  the  radiation  room,  the  distance  being 
8  ft.  The  measurements  were  made  by 
taking  the  time  required  for  the  gold-leaf 
to  pass  over  the  same  portion  of  the  scale, 
with  corrections  made  for  leakage.  In 
practice,  it  was  proved  that  the  lead  wall 
and  distance  were  not  sufficient  protection 
for  radium  measurements,  and  for  this 
purpose,  a  special  apparatus  had  to  be 
constructed.  The  pack  at  present  used 
in  the  State  Institute  has  a  radiating 
surface  of  6.5  X  7  cm.  At  a  distance  of 
6  cm.  from  the  skin  and  with  approximately 
1.5  curies  of  emanation,  it  gives  the 
standard  erythema  dose  at  6,000  mc. 
hours. 

From  the  measurements  obtained,  the 
standard  erythema  dose  was  determined 
for  the  .y-ray  machine  at  2.3  ma.  hours 
when  operated  under  the  following  condi- 
tions: 198  kv.  (measured  with  ball  sphere 
gap  of  12.5  cm.  diameter);  3  ma.;  .5  mm. 
copper  filter;  30  cm.  focus  skin  distance; 
10  X  15  cm.  field. 


The  radium  pack,  under  these  conditions, 
gives  17  per  cent  of  the  skin  dose  at  10 
cm.  depth,  while  the  x-ray  machine  gives 
29  per  cent  of  the  skin  dose  at  10  cm. 
depth;  with  2.55  gr.  of  radium,  the 
erythema  could  be  produced  in  the  same 
time  as  with  the  .v-ray  machine. 

The  percentage  depth  dose  obtained 
from  the  radium  pack  at  so  short  a  distance 
shows  an  apparent  advantage  over  the 
x-ray,  and  is  dependent  upon  three  main 
factors : 

(a)  The  hardness  of  the  rays. 

(6)  The  large  radiating  surface. 

(c)  The  wide  angle  of  the  ray  cone. 

In  order  to  compare  radium  and  .y-rays 
under  similar  conditions,  these  factors  must 
be  made  comparable. 

1.  The  raduim  must  be  so  disposed  that 
an  area,  comparable  to  the  radiating  sur- 
face on  an  x-ray  target,  is  obtained. 

2.  The  distance  must  be  the  same  or 
approximately  the  same. 

3.  The  angle  of  the  cones  must  approxi- 
mate. 

The  shortest  distance  in  which  we  could 
measure  the  intensity  of  the  x-rays  was 
20  cm.  from  the  target,  and  it  was,  there- 
fore, necessary  to  measure  the  radium 
at  the  same  distance.  At  this  distance,  the 
small  ionization  chamber  attached  to  the 
gold-leaf  electroscope  was  not  sufficiently 
sensitive  for  the  raxllum  measurements. 
Furthermore,  as  before  referred  to,  the 
distance  and  protection  were  not  adequate. 
It  was,  therefore,  necessary  to  build  a 
special  measuring  apparatus  for  this  pur- 
pose. It  differs  from  the  first  apparatus 
only  in  details.  The  capacity  of  the  ioniza- 
tion chamber  was  increased  to  10  c.c. 
The  insulated  wire  was  14  ft.,  and  the 
measuring  apparatus  was  a  quadrant 
electrometer  protected  by  a  heavy  lead 
block,  8  cm.  in  thickness.  The  results  of 
the  comparative  measurements  are  shown 
in  the  table. 

In  order  to  determine  whether  the 
difference  in  size  of  the  ionization  chambers 
would  affect  the  values  of  the  percentage 
depth  doses  obtained,  x-ray  measurements 
were  made  with  this  chamber  at  50  cm. 
distance  (the  device  was  too  sensitive  for 
x-ray  measurements  at  20  cm.).  Measured 
at  50  cm.,  the  value  with  the  large  chamber 
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was  33.5  per  cent,  and  with  the  small 
chamber,  34  per  cent,  showing  a  close 
agreement  of  the  values  obtained  with  the 
two  chambers. 

From  the  table,  it  can  be  seen  that  at 
20  cm.,  x-rays  at  200  kv.  with  a  circular 
field  of  13.5  cm.  diameter,  taking  the  focal 
spot  of  the  target  as  .2  cm.^  filtered  through 
.5  mm.  of  copper  plus  2  mm.  paper,  gives 
24  per  cent  of  the  surface  dose  at  10  cm.  of 
depth,  and  that  radium  at  a  distance  of  20 
cm.,  with  a  field  not  larger  than  25  X  25 
cm.,  with  a  surface  of  o.i  cm.^  filtered 
through  2  mm.  of  brass  plus  2  mm.  of 
rubber,  gives  26  per  cent  of  the  surface  dose 
at  10  cm.  of  depth. 


attributed  to  the  shorter  wave-lengths  of 
the  gamma  rays  of  radium,  and  we  may 
now  ask  ourselves  whether  there  will  be 
great  advantage  in  increasing  the  kilo- 
voltage  of  the  -v-ray  system,  for  the 
Eurpose  of  obtaining  harder  rays,  much 
eyond  the  200  kv.  now  a\ailable.  It  has 
been  claimed  that  the  greater  portion  of 
the  improvement  to  be  obtained  by  raising 
the  voltage  is  accomplished  at  approxi- 
mately 250  kv.,  and  from  a  consideration 
of  these  figures  it  would  seem  as  though 
that  was  a  reasonable  conclusion.  Certainly, 
if  the  minimum  figures  shown  by  these 
measurements  are  correct,  it  seems  prob- 
able  that   we   should   be  contented  with 


DEPTH 

DOSE, 

10    CM.    DEEP   AT    20    CM.    DISTANCE,    RADIATING   SURFACE 

OF    SKIN 

Calculated  maxi- 
mum dose  44 
per  cent 

X-rays-200  kv.                                      Radium 

Field 

Circ.  13.5  cm.  d.                                25  X  25  cm. 

3  ma.                                 Equivalent  to  64  gr. 

Radiating  surface 

Target  0.2  cm.-         1    o.i  cm.^ 

3  X  4  cm. 

6.5  X  7  cm. 

Filter 

.5  mm.  Cu+2  mm.  paper         2  ram.  brass  +  2  mm.  rubber 

Depth  dose 

24  per  cent               26  per  cent 

30  per  cent 

34  per  cent 

'  In  comparing  these  figures,  it  may  be 
noted  that  the  surface  of  the  radium  is 
less  than  the  target  surface  taken,  but 
that  the  circular  field,  13.5,  which  was  the 
largest  obtainable  with  the  x-ray  tube  at 
20  cm.,  is  less  than  the  25  X  25  cm.  field  for 
the  radium. 

With  regard  to  the  surface  distribution 
■of  the  two  sources  of  radiation  at  a  distance 
of  20  cm.,  the  advantage  in  surface  of  the 
x-ray  is  not  important.  The  difference  in 
size  of  field  whicn  is  in  favor  of  the  radium 
is  also  not  of  great  importance;  therefore, 
we  may  assume  that  the  conditions  are, 
for  practical  purposes,  comparable.  The 
factor  of  error  in  the  results  obtained  may 
be  as  much  as  one  or  two  units,  but  it  is 
assumed  that  the  difference  between  the 
two  percentages  obtained  is  at  least  one 
unit,  which  is,  in  reality,  not  less  than  4 
per  cent  in  favor  of  the  radium,  and 
probably  10  per  cent. 

Let  us  assume  that  the  extreme  possi- 
bility is  15  per  cent.  Under  the  conditions 
stated,  the  advantages  in  favor  of  radium 
over  the  x-ray  at  200,000  volts  must  be 


.v-rays  of  the  wave-length  producible  at 
approximately  250,000  volts.  This  con- 
clusion is  entirely  beside  the  question  of 
whether  voltage  should  be  raised  for  the 
purpose  of  developing  more  energy  from 
the  x-ray  tube.  By  noting  on  the  table 
that  when  the  radium  surface  is  increased 
to  3  X  4  cm.,  the  depth  dose  at  10  cm.  is 
30  per  cent  that  of  the  skin  surface,  and 
that  when  it  is  increased  to  6.5  X  7  cm., 
the  percentage  depth  dose  is  34  per  cent, 
it  becomes  clear  that  the  greater  part  of  the 
performance  of  the  radium  pack  is  due  to 
the  large  radiating  surface. 

As  at  present  constructed,  the  large 
surface  of  distribution  in  the  present  form 
of  radium  pack  involves  the  disadvantage 
of  a  wide  angle  cone,  which  means  that  a 
very  considerable  volume  of  tissue  is 
necessarily  radiated  even  when  the  lesion 
to  be  treated  is  small,  and  that  the  rapid 
spreading  of  the  rays  materially  reduces  the 
percentage  depth  dose.  In  this  particular, 
the  greater  distances  available  in  x-ray 
technique  are  a  marked  advantage  in 
favor  of  the  .v-ray,  the  rays  coming  from 
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the  target  approximating  more  and  more 
to  parallel  as  the  distance  increases. 

Prehminary  studies  indicate  that  a 
better  depth  dose  may  be  obtained  with  a 
better  distribution  of  the  energy  by  con- 
struction of  a  special  device.  The  mechan- 
ical details  of  this  arrangement  are  not 
definitely  determined,  but  it  may  be  stated 
that  by  taking  advantage  of  the  principle 
of  crossfire  and  proper  lead  screening,  an 
arrangement  can  be  made  by  which, 
instead  of  projecting  a  cone  into  the 
tissue,  a  cyhnder  with  practically  parallel 
sides  may  be  achieved.  Furthermore,  by 
this  arrangement  a  concentration  in  the 
center  may  be  obtained.  Even  distribution 
is  achieved  by  rotation. 

By  means  of  the  arrangement  which  we 
are  now  studying,  automatic  crossfire  is 
achieved.  A  somewhat  larger  area  of  skin 
is  utihzed  than  in  the  form  of  pack  com- 
monly used,  and  an  actual  concentration 
in  the  center  of  radiation  is  accompHshed 
by  crossfire.  The  work  is  still  in  progress, 
but  sufficiently  far  advanced  to  show  that 
an  improved  arrangement  is  possible  both 
in  distribution  and  percentage  depth  dose. 

Photographic  films  show  that  whereas, 
with  a  pack  of  present  construction,  at  a 
depth  of  5  cm.,  30  per  cent  of  the  surface 
dose  was  measured,  with  the  new  con- 
struction, 60  per  cent  is  attained.  Thus  for 
a  given  area,  at  a  given  depth,  an  improve- 
ment may  be  obtained  which  would  render 
the  efficiency  of  radium  twice  that  of  the 
old  arrangement. 

In  considering  the  relative  advantages  of 
radium  and  the  x-ray  for  external  radia- 
tion, it  must  be  remembered  that  to 
compete  quantitatively  with  present  -v-ray 
equipment,  huge  amounts  of  radium  would 
be  required,  the  cost  of  which  would  be 
prohibitive.  The  difficulty  of  obtaining 
adequate  protection  from  such  large 
amounts,  even  if  available,  would  con- 
stitute an  insurmountable  obstacle. 

Moderate  amounts  of  radium  in  prop- 
erly arranged  packs  will,  in  some  instances, 
be  found  to  meet  special  conditions  better 
than  .x-rays,  but  these  occasions  are  few. 
With  the  improvements  which  may  be 
expected  in  the  near  future,  the  field  of 
usefulness  for  the  moderate-sized  radium 
pack  will  be  increased.  The  advantages  of 


.\-rays  apply  only  to  external  radiation. 
In  those  cases  where  the  growth  can  be 
reached,  and  radium  or  emanation  of 
radium  can  be  planted  into  the  substance 
of  the  tumor,  x-rays  cannot  displace 
radium.  They  can,  however,  be  usefully 
combined  with  implantation,  and  the 
problems  presented  by  certain  lesions  may 
be  best  met  in  this  manner. 


Dr.  Viol.  I  wish  to  express  my  gratifica- 
tion after  hearing  the  splendid  paper  of  Dr. 
Gaylord,  and  the  beautiful  demonstration  which 
Mr.  Failla  has  given.  The  physicist  stands  in 
somewhat  the  position  of  a  law  interpreter, 
and  perhaps,  in  some  respects,  the  position  of 
the  minister,  and  I  sometimes  feel  that  radiolo- 
gists make  use  of  his  services  as  some  people  do 
their  religion;  they  are  very  attentive  to  the 
sermon  on  Sundaj%  but  the  application  of  the 
Sunday  truths  is  often  difficult  on  week  days. 
So  the  radiologist,  while  appreciating  the  physi- 
cist's advice,  finds  it  hard  to  make  practical 
application. 

The  most  important  fact  brought  out  by 
these  papers  is  the  confirmation  which  they 
bring  of  that  statement  by  Kroenig  and  Fried- 
rich,  to  the  effect  that  the  absorption  in  the 
tissue  of  the  same  quantity  of  radiant  energy, 
whether  .v-ray  or  gamma  ray,  produces  the 
same  physiological  reaction.  This  principle  is 
one  which  the  physicists  have  believed  in  for 
many  j'ears,  but  which  the  clinicians  have  not 
confirmed  because  of  the  lack  of  adequate 
measuring  devices,  and  because  of  the  inher- 
ently different  modes  of  application  of  the 
.\-rays  and  the  radium  raj's.  As  Mr.  Failla  has 
pointed  out,  it  is  not  possible  to  compare  the 
effects  of  unscreened  radium  with  those  of 
x-rays  and  screened  radium,  since  the  beta  rays, 
which  come  into  play  from  the  unscreened 
radium,  produce  such  intense  but  superficial 
reactions. 

Drs.  Gaylord  and  Stenstroem,  through 
their  results,  show  what  can  be  done  by  the 
proper  use  of  good  equipment,  and  Mr.  Failla, 
by  his  detailed  description,  has  brought  out  very 
clearly  the  difficult  points  which  confront  us  in 
the  apparatus  used  in  the  measurement  of 
quantities  of  gamma  and  .v-rays.  There  is  no 
question  that  the  measurement  of  the  ioniza- 
tion produced  by  these  different  forms  of 
radiant  energy  gives  us  the  best  means  of 
measuring   quantities    of  .x-rays   and   gamma 

'  This  discussion  has  reference  to  the  preceding'paper  by  Mr. 
Failla.  as  well  as  to  the  above. 
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rays;  and  in  the  future  tiiis  method  promises 
much  in  the  control  of  dosage. 

The  physicist  is  an  interpreter  rather  than  a 
law-giver,  and  cannot,  therefore,  be  held  at 
fault  if,  through  the  desire  for  simplicity, 
wrong  principles  have  been  set  up.  To  cite  a 
case  where  the  principle  is  biological,  rather 
than  physical,  we  may  take  the  conclusion  of 
Seitz  and  Wintz,  who  have  stated  that  the  varia- 
tion in  the  resistance  of  carcinoma  cells  to  the 
influence  of  .vrays  varies  so  little  that  they  have 
established  as  a  lethal  dose  for  carcinoma  a  dose 
representing  appro.ximately  lOO  to  no  per  cent 
of  the  skin  erythema  dose  for  hard  x-rays. 
This  is  admirable  in  its  simplicity,  but,  unfor- 
tunately-, the  clinicians  do  not  find  that  the 
application  of  such  a  dose  of  x-rays  uniformly 
causes  the  regression  of  the  malignant  growth. 
Similarly,  from  the  physical  standpoint,  you 
will  recall  the  diagram  shown  on  the  screen  by 
Dr.  Schmitz  yesterday.  You  will  recall  the 
beam  of  x-rays  passed  through  the  pelvic  area 
from  the  front,  and  another  from  the  back, 
together  with  the  figures  at  the  side  indicating 
the  fraction  of  an  er\i;hema  dose  produced  at 
different  points  throughout  the  body.  These 
figures,  it  must  be  remembered,  actually  repre- 
sent the  intensity  of  radiation  down  the  central 
axis  of  the  beam,  and  consequently,  apply 
really  only  to  a  line  drawn  through  the  body, 
since  the  intensity  in  the  lieam  falls  off  in  an 
appreciable  degree  as  one  passes  away  from  the 
central  axis  of  the  beam.  Hence,  while  data  of 
this  sort  might  seem  to  indicate  that  the  entire 
pelvic  cavity  was  everywhere  receiving  a  full 
erythema  dose,  the  fact  is,  that  away  from  the 
axis  of  the  crossing  beams,  the  intensity  is 
somewhat  reduced.  Points  such  as  this  must  be 
understood  by  the  clinician;  otherwise,  he  may 
wrongly  interpret  physical  findings. 

The  matter  of  dosage,  of  course,  is  a  point  of 
greatest  moment  to  the  radiologist,  who  in  this 
matter  is  continually  between  Scylla  and 
Charybdis.  Not  enough  radiation,  and  a  cura- 
tive result  cannot  be  expected.  Over-radiation, 
and  a  bad  result  also  is  likely.  Perthes,  in  a 
paper  recently  published  in  the  French  Journal 
de  Radiologic,  particularly  calls  attention  to  the 
danger  of  over-dosage;  and  I  was  glad  to  hear 
Dr.  Lee  call  attention  to  the  danger  of  over- 
dosage in  his  paper.  Perthes  tried  to  take  into 
account  the  various  factors  coming  into  play 
when  radiation  is  used  to  influence  a  growth, 
and  considers  three  points  particularly:  First, 
the  resistance  of  the  tumor;  second,  the  resis- 
tance of  immediately  adjacent  normal  tissues; 
third,  the  general  bodily  resistance  of  the  individ- 
ual. In  the  treatment  of  such  a  condition  by 
radiation,  Perthes  believes  that  such  a  dose  of 


rays  must  be  used  as  will  cause  the  retrogression 
of  the  tumor  without  devitalizing  the  adjacent 
normal  tissues.  If  the  patient's  general  condition 
will  tolerate  this  amount  of  radiation,  and  the 
tumor  can  be  caused  to  retrogress  under  such 
conditions,  the  progress  should  be  favorable. 
If,  however,  the  destruction  of  the  tumor 
involves  the  devitalization  of  adjacent  normal 
tissues,  or  there  is  too  great  a  systemic  reaction, 
then  the  outlook  is  unfavorable,  since  in  the  first 
instance  it  is  unlikely  that  the  local  growth  will 
be  destroyed.  More  probably  it  will  grow  rapidly, 
and  if  the  patient's  general  condition  is  poor, 
the  end  is  soon. 

The  physical  measurement  of  dosage  by  the 
methods  which  have  been  described  in  the 
papers  of  Drs.  Gaylord  and  Stenstroem  and  Mr. 
Failla,  are  of  the  utmost  importance  in  this 
important  matter  of  dosage.  This  is  particularly 
true  for  the  v-ray,  since  different  installations 
will  have  their  own  output  which  cannot  be 
gauged  except  by  measurement,  while  radium 
always  gives  off  a  definite  kind  of  radiation 
whose  quantity  is  proportional  to  the  amount 
of  radium. 

In  closing,  I  would  heartily  urge  the  members 
of  this  society  to  study  carefully  these  physical 
papers  when  they  are  published,  because  I  feel 
that  they  are  of  first  importance,  and  probably 
are  too  technical  for  the  radiologist  to  grasp 
completely,  as  they  have  been  presented  on  the 
platform  today. 

Dr.  Sch.mitz.  I  have  been  very  much 
interested  in  the  presentation  of  these  papers 
and  in  their  discussion  by  Dr.  Viol.  It  has 
seemed  to  me  that,  in  reading  clinical  observa- 
tions, it  makes  quite  a  difl'erence  of  what  wave- 
length the  radiation  is.  We  have  been  very 
fortunate,  in  Chicago,  in  knowing  the  intensitj' 
we  can  obtain  with  the  .v-rays  and  gamma  rays. 
We  have  worked  with  200  kv.  and  with  the 
gamma  rays  and  if  we  compare  the  result 
obtained  with  the  200  kv.  with  radium,  we  make 
the  following  observation:  With  100  kv.  rays 
and  radium  it  usually  took  the  patient  six  weeks 
to  get  over  the  systemic  reaction,  and  also 
from  six  to  eight  weeks,  before  any  local  reac- 
tion occurred,  so  that  we  could  call  the  patient 
negati\-c.  \\  ith  the  200  kv.  the  patient  is 
negative  in  three  weeks,  and  the  systemic  reac- 
tion is  very  much  less  than  with  the  100  kv. 
It  seems  to  me  that  witii  the  shorter  wave- 
length, the  effect  is  better  on  the  tissues,  and 
that  the  ideal  would  be,  if  we  could,  to  produce 
with  the  v-ray  the  effect  of  the  gamma  ray  of 
radium.  It  has  taken  us  two  years  to  estimate 
the  exact  dose  for  the  skin.  I  am  not  saying  that 
the  erythema  dose  for  ciiflerent  types  of  skin 
may     produei'     entii-el\-     different     reactions. 
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Therefore,  we  thought  it  would  ije  iaetter  if  we 
had  some  biologic  reaction  which  would 
be  the  same  as  for  the  skin  dose,  and  for  that 
purpose  we  chose  a  loss  of  hair  following  radium 
application — the  pubic  hair.  Therefore,  we  feel 
that  we  have  a  skin  dose  that  requires  onlj'  one 
interpretation,  and  not  the  interpretations 
that  various  people  may  give  to  the  skin  dose. 
With  the  established  factors,  we  know  just 
when  they  get  this  epilating  dose.  With  a  .5 
mm.  filter,  a  field  20  cm.  square  and  5  ma.  to 
the  tube,  we  gave  this  treatment.  \\'hen  the  new 
machine  arrived,  we  had  two  electroscopes, 
and  also  an  electroscope  which  I  had  con- 
structed attheUniversityofChicago,  very  much 
like  that  of  Dr.  Gaylord  at  Buffalo.  With  these 
three  instruments  we  constantly  have  an  epilat- 
ing skin  dose,  so  that  when  two  instruments  get 
out  of  order,  there  is  still  one  left.  We  then 
began  to  work  with  the  200  kv.  .\'-rays,  and  it 
was  an  easy  thing  to  determine  with  the  higher 
voltage  what  we  should  use  to  obtain  the  skin 
dose.  Dr.  Bachem  thought  forty  min.  would 
do,  but  I  insisted  upon  seventy  min.  He 
wanted  to  know  why  I  insisted  on  seventy 
min.,  and  I  told  him  if  he  would  take  my 
electroscope  he  would  see  that  the  time  dura- 
tion in  minutes  would  be  seventy.  He  doubted 
this,  and  then  we  found  that  his  electroscope 
in  transit  had  become  very  imperfect.  We  had 
it  standardized  again,  and  then  it  bore  this  out. 
In  the  table  presented  yesterday  where  the 
curves  were  given,  I  did  not  say  this  would  give 
the  intensity  curve  at  all.  I  spoke  of  the  intensi- 
ties which  were  obtained  in  the  .v-ray  beam. 
With  the  large  beams  which  we  use,  from  20  to 
25  cm.  square,  the  difference  is  5  per  cent; 
hence,  in  the  actual  interpretation  of  these 
A'-ray  intensities,  we  are  absolutely  safe  in  using 
these  intensities,  and  stating  that  the  intensity 
is  almost  homogeneous  with  the  tissue  in  which 
the  cancer  element,  sensitive  to  radiation,  is 
contained.  That  is  why  I  do  not  go  to  the  labori- 
ous work  of  determining  for  each  and  every 
centimeter  of  tissue.  Of  course  we  know  that 
exists. 

Dr.  Stenstroem.  First,  I  wish  to  point 
out,  in  order  to  avoid  misunderstanding,  that 
Mr.  Failla's  measurements  ought  not  to  be 
confused  with  our  measurements.  Mr.  Failla 
compared  the  intensitj'  from  .v-rays  and  from 
beta  rays  while  we  compared  the  intensity  from 
-v-rays  and? from  gamma  rays.  When  we  are 
using  the  radium  externally  we  are  not  using 
the  beta  rays  at  all.  They  are  completely 
absorbed  by  the  fdter.  It  is  not  surprising  that 
Mr.  Failla  did  not  get  the  same  results  with 
.v-rays  as  with  beta  rays.  One  could  not  expect 
that.  There  are  great  difficulties  in  measuring 


beta  rays  with  an  ionization  chamber,  because 
the  chamber  cannot  be  made  smaller  than  i  c.c. 
capacity.  If  we  are  using  a  tube  about  i  cm. 
long,  and  intend  to  measure  the  distribution  of 
beta  rays  around  it,  the  intensity  will  be  so 
different  in  different  parts  of  the  chamber,  that 
the  measurements  will  not  give  us  the  true 
distribution. 

As  to  Dr.  Schmitz's  remarks:  I  am  surprised 
to  hear  about  Dr.  Schmitz's  experience  con- 
cerning the  different  reactions  of  patients 
toward  different  kinds  of  .\-rays  and  gamma 
rays.  At  the  State  Institute  in  Buffalo  our 
experience  has  been  quite  different.  The  reaction 
has  been  about  the  same  for  radium  and  A-rays 
at  200  and  at  140  kv.  When  such  comparisons 
are  made,  the  amount  of  radiation  must  be 
measured  with  the  right  kind  of  an  ionization 
chamber  (built  from  organic  substances  and 
graphite).  Correction  for  leakage  must  always 
be  made  when  an  ionization  chamber  is  used  for 
such  measurements,  and  one  must  be  quite 
familiar  with  these  methods  in  order  to  get 
correct  results. 

We  physicists  are  not  trying  to  give  you  any 
more  physical  foundation  than  is  absolutely- 
necessary  for  correct  treatment.  As  Dr.  Viol 
pointed  out,  you  can  easily  burn  a  patient 
inside  the  body  without  damaging  the  skin, 
if  you  are  using  "crossfire."  If  you  are  using 
the  same  voltage,  milliamperage,  focus-skin 
distance,  filter,  and  size  of  field,  for  the  treat- 
ment with  your  machine,  as  another  doctor 
with  another  machine,  you  may  burn  your 
patient,  or  give  him  too  small  a  dose,  though  the 
other  doctor  gave  just- the  right  dose.  If  you, 
however,  give  your  patient  the  same  amount 
of  radiation  on  the  skin  and  inside  the  body, 
measured  in  an  accurate  way  by  the  ionization 
method  as  the  other  doctor,  you,  too,  will 
give  the  right  dose,  and  can  be  sure  of  not 
burning  your  patient,  regardless  of  what  kind 
of  a  machine  you  are  using. 

Dr.  Gaylord  (closing  discussion).  I  had 
hoped  that  the  simple  facts  brought  out  by  our 
paper  would  not  be  obscured  by  our  discussion. 
I  desire  to  emphasize  that  our  practical  use  of 
ionization  methods  has  enabled  us  to  determine 
the  erythema  dose  by  measurement  of  an 
unknown  system  for  the  production  of  A-rays. 

At  Atlantic  City,  I  reported  our  first  success 
in  the  use  of  this  method.  Dr.  F.  C.  Wood 
remarked  in  his  discussion  of  my  talk,  that  he 
thought  Dr.  Gaylord  and  his  associates  had 
been  very  courageous,    and  extremely  lucky. 

In  our  paper,  I  pointed  out  that  we  have 
again  done  this  with  another  unknown  system 
and  have  determined  with  accuracy  the  ery- 
thema dose  by  comparing  the  energy  from  the 
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tube  with  the  radium  pack  by  means  of 
measurements  witli  the  ionization  chamber. 

We  are  about  to  install  another  new  machine 
in  Buffalo,  and  we  shall  again  rely  upon  this 
method.  In  both  these  instances  we  began  the 
treatment  of  patients  and  had  treated  a  number 
before  we  saw  the  erythema. 

The  improvements  in  x-ray  equipment  are, 
of  course,  important;  but  to  the  radiologist,  they 
are  not  nearly  so  important  as  a  physical  basis 
of  measurement.  If  in  Buflalo,  we  were  asked 
which  we  would  most  willingly  give  up,  I  would 
say  that  we  should  forego  the  improved  appara- 
tus and  retain  the  methods  of  measurement. 
These  methods  of  measurement  have  been  used 
in  the  United  States  with  radium  for  some  time 
past.  An  accurate  physical  basis  of  measure- 
ment which  will  enable  us  to  repeat  with 
accuracy  both  the  amount  and  distribution  ot 
radiation  at  depth  is  essential  before  we  can  even 


discuss  biological  effects.  In  the  past,  we  never 
quite  knew  what  we  were  doing,  and  hence  a 
great  deal  of  loose  speculation  has  resulted  as  to 
the    effects    of    radiation    upon    the    tissues. 

The  purpose  of  our  paper  was  to  emphasize 
not  alone  the  accuracy  of  these  methods,  but 
to  show  that  by  them  we  can  compare  radium 
and  .v-rays,  and  should  be  able  withm  the  limita- 
tion of  each  to  use  them  interchangeably,  or  to 
select  those  fields  for  which  each  is  especially 
suited. 

Mr.  F.\illa  (closing  discussion).  I  am  afraid 
Dr.  Stenstroem  misunderstood  my  remarks 
concerning  the  reliability  of  ionization  measure- 
ments. In  my  paper  I  discussed  ionization 
measurements  in  general,  and  therefore  my 
remarks  did  not  necessarily  apply  to  Dr.  Sten- 
stroem's  work.  I  have  compared  .v-ray  and 
gamma  ray  doses  myself  and  have  found  them 
in  close  agreement. 
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As  a  part  of  the  organized  effort  at  the 
Memorial  Hospital,  which  has  been 
carried  on  for  several  years,  to  study  and 
treat  malignant  disease  in  its  many  varied 
phases,  a  breast  service  was  organized  in 

1919,  to  concentrate  under  a  single  head 
the  worli  in  this  field.  It  has  been  my 
privilege  to  be  responsible  for  this  service, 
and  the  present  paper  presents  a  brief 
summary  of  the  technique  employed  and 
the  results  accomplished  up  to  the  present 
time. 

The  cases  under  report  were  admitted  to 
the  hospital  in  the  years  191 8,   19 19  and 

1920,  and  none  of  our  cases  of  the  last 
year  and  a  half  have  been  included.  We 
believe  that  too  often  radiation  is  thrown 
into  disrepute  as  a  therapeutic  agent  by 
over-enthusiastic  reports  of  brilliant  recent 
results.  Certainly,  any  form  of  treatment 
applied  to  cancerous  disease  must  stand 
the  test  of  considerable  time  to  determine 
its  real  value,  and  radiation  is  no  exception 
to  this  rule.  Further,  a  record  of  the  exact 
status  of  the  case  at  the  time  of  admission. 


with  continuous  notes  of  observation  and 
treatment,  are  useful,  if  one  is  to  estimate 
what  really  has  been  accomplished. 

TECHNIQUE 

X-Ray  Treatment.  There  has  been  an 
evolution  in  the  .x-ray  treatment  of  breast 
cases  during  the  past  few  years  at  the 
Memorial  Hospital.  Recently,  and  up  to 
the  present  time,  all  treatments  have  been 
given  by  the  ordinary  type  of  .v-ray 
machine,  delivering  a  peak  voltage  of 
approximately  90,000.  Some  years  ago,  the 
exposures  were  three  to  four  minutes  each, 
with  a  spark  gap  of  8  in.,  and  a  focal 
distance  of  8  or  9  in.,  using  4  ma.  cur- 
rent and  4  mm.  of  aluminum  filtration. 
These  exposures  were  given  at  varying 
intervals,  usually  four  or  five  weeks  apart. 
Eventually,  definite  telangiectases  appeared 
in  the  radiated  skin,  and,  in  one  or  two 
instances,  definite  epitheliomata  developed 
in  the  site  of  the  overradiated  area. 

Three  or  four  years  ago,  the  time  period 
was   lengthened  to  six  or  se^•en   minutes 
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with  a  spark  gap  of  10  in.  and  a  lo-in. 
focal  distance,  with  intervals  between  the 
treatments  of  about  five  or  six  weeks, 
the  number  of  treatments  given  over  any 
one  area  usually  not  being  more  than  three 
or  four.  This  type  of  radiation  has  un- 
doubtedly a  more  penetrating  effect  and 
the  skin  becomes  definitely  pigmented, 
but  up  to  the  present  time  only  a  few  cases 
have  shown  marked  telangiectasis. 

Within  the  last  year,  stimulated 
probably  by  the  recent  work  with  the  high- 
voltage  machines,  the  time  period  has  been 
increased  from  fifteen  to  eighteen  minutes 
and  longer,  with  a  lo-in.  spark  gap  and  a 
12-  to  15-in.  focus  skin  distance,  using  4 
ma.  of  current  and  4  or  5  mm.  of  aluminum 
filtration.  This  technique  has  been  used 
where  the  tumor  of  the  breast  was  of 
considerable  thickness  and  a  definite  radi- 
ation of  the  deeper  tissues  was  desired. 
Where  superficial,  subcutaneous  nodules 
were  being  cared  for,  the  older  type  of 
radiation  with  five-  or  seven-minute  ex- 
posures   has    been    the    usual    procedure. 

We  have  used  the  x-ray  routinely  for 
pre-operative  treatment  before  a  radical 
operation,  giving  one  complete  cycle  of 
about  four  treatments  over  the  whole 
breast  and  axillary  and  supraclavicular 
regions.  Following  operation,  after  the 
wound  has  completely  healed,  usually  in 
two  or  three  weeks,  it  has  been  our  practice 
to  give  two  complete  x-ray  cycles  covering 
the  whole  breast  and  lymphatic  drainage 
areas.  We  feel  certain  that  unless  a  very 
definite  and  pronounced  erythema  of  the 
skin  is  produced  following  x-radiation,  a 
tumor  lying  in  the  deeper  portion  of  the 
breast  has  not  been  sufficiently  radiated. 

Treatment  by  Radium.  Treatment  of 
breast  carcinomata  by  radium  has  been 
applied  by  one  of  five  separate  methods  of 
application  or  various  combinations  of 
them,  namely:  pack,  tray,  dental  mould, 
insertion  of  bare  emanation  tubes,  and  the 
insertion  of  platinum  needles  containing 
radium  emanation. 

The  pack  has  been  frequently  described 
by  various  members  of  the  Memorial 
Hospital  Staff,  and  I  need  not  go  into 
many  details  concerning  its  construction. 
Suffice  it  to  say  it  provides  a  filtration  of 
}i  mm.  of  silver  and  2  mm.  of  brass,  and  for 


ordinary  breast  tumors  and  axillary  nodes 
it  is  placed  at  a  distance  of  6  cm.,  main- 
tained by  a  wooden  block  beneath  the  pack, 
giving  a  dosage  of  8,000  to  9,000  mc.  hours 
over  an  area  of  approximately  70  sq. 
cm.  This  is  particularly  of  use,  we  believe, 
in  breast  carcinomata  involving  the  chest 
wall  and  sternum,  small  tumors  of  the 
breast  itself,  and  over  the  axillary  and 
supraclavicular  regions,  particularly  if  the 
nodes  are  deeply  placed.  We  make  use  of 
it  also  in  metastases  over  bones  with  a 
similar  dosage,  and  in  spinal  metastases 
at  a  distance  of  10  cm.,  we  give  approxi- 
mately 16,000  to  18,000  mc.  hours  of 
treatment,  with  considerable  relief  of 
pain  in  some  instances. 

The  tray  is  a  smaller  external  applicator 
giving  the  same  filtration,  but  used  at  a 
distance  of  3  cm.  for  more  superficial 
and  localized  nodules,  the  dosage  reaching 
2,500  to  3,000  mc.  hours.  We  have  found, 
as  our  work  has  developed,  that  we  are 
using  the  tray  less  and  less,  as  the  larger 
drainage  areas,  such  as  the  axillary  and 
supraclavicular  regions,  often  contain  deep- 
ly placed  nodes  which  are  more  efficiently 
radiated  by  the  pack  than  the  tray. 

The  dental  mould,  carrying  silver  fil- 
trated radium,  we  have  used  in  a  number 
of  cases  of  Paget's  disease  of  the  nipple 
with  a  very  limited  lesion  present,  and,  in 
one  or  two  instances,  in  small  inoperable 
carcinomata  placed  exactly  at  the  junc- 
tion of  the  chest  wall  with  the  breast,  the 
mould  fitting  nicely  over  the  carcinom- 
atous mass.  Radiation  by  this  method  has 
recently  given  some  very  satisfactory 
results. 

The  insertion  of  emanation  bare  tubes 
by  means  of  a  long  needle  carrying  a 
plunger  is  being  used  very  extensively 
in  primary  inoperable  tumors,  giving  a 
dosage  of  approximately  i  mc.  per  c.c. 
of  tumor  tissue.  Caution  should  be 
exercised  that  the  bare  tube  is  not  placed 
nearer  to  the  skin  than  i  cm.;  otherwise  it 
may  cause  an  area  of  ulceration.  Also, 
one  should  be  careful  to  avoid  placing  the 
bare  tube  directly  against  a  rib  or  rib 
cartilage,  because  of  the  possibility  of 
injuring  the  periosteum.  The  general  tend- 
ency in  earlier  years  was  to  give  repeated 
treatment  bv  bare  tubes  in  small  doses. 
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The  present  technique  consists  in  carefully 
estimating  the  exact  size  of  the  tumor 
at  the  time  of  the  original  visit  of  the 
patient;  and  an  effort  is  made  at  the  time 
of  the  primary  treatment  to  accomplish  a 
complete  radiation  of  the  tumor,  always, 
however,  after  an  x-ray  cycle  has  been  given. 
In  some  cases  now  under  observation,  we 
believe  no  second  introduction  of  bare  tubes 
will  be  necessary  in  the  breast  tumor  itself. 

Localized  subcutaneous  nodules  in  the 
chest  wall  may  also  be  cared  for  by  the 
implantation  of  small  bare  tubes  of  i  mc. 
strength  beneath  the  nodule,  but  they 
may  be  equally  well  or  even  better  treated 
by  x-radiation.  The  introduction  of  bare 
tubes  into  axillary  nodes  has  turned  out 
to  be  a  difficult  matter,  for  without  opening 
the  axilla,  one  cannot  accurately  localize 
the  nodes  at  the  time  of  introduction, 
and  so  a  satisfactory  implantation  may 
be  impossible.  We  frequently  find,  on 
opening  the  axilla  in  the  endeavor  to 
isolate  nodes,  that  it  is  easier  to  dissect 
out  fat  and  nodes  themselves  than  to 
attempt  to  introduce  radium  into  the 
separate  nodes.  More  recently,  we  are 
placing  bare  tubes  along  the  inferior  pos- 
terior aspect  of  the  pectoral  muscle,  believ- 
ing that  a  reasonably  etlrcient  radiation 
of  the  axilla  may  be  accomplished  by  this 
means.  Bare  tubes  should  never  be  placed 
nearer  than  i  cm.  to  the  branches  of  the 
brachial  plexus,  as  an  intractable  case 
of  neuritis  may  ensue.  In  general,  we  have 
found  the  management  of  axillary  nodes 
one  of  the  big  problems  in  the  treatment 
of  breast  carcinomata  by  radiation,  and 
we  feel  that  our  present  means  of  attack 
is  not  wholly  satisfactory. 

Within  the  last  eight  months  we  have 
been  using  the  platinum  needle,  giving  a 
filtration  of  ^{0  mm.  of  platinum,  carrying 
radium  emanation  tubes  of  about  60  to 
70  mc,  giving  a  dosage  of  50  mc. 
hours  per  c.c.  The  theoretical  diflerence 
between  this  needle  and  bare  tubes  is  that 
no  foreign  body  is  left  in  the  tumor  and  a 
less  accurate  implantation  is  required. 
We  have  had  some  recent  interesting 
regressions  in  tumors  treated  with  this 
method,  but  have  not  sufficient  data  at 
present  to  make  a  satisfactory  report  upon 
the  results  obtained. 


Pleural  and  mediastinal  invoKements 
have  so  far  not  been  completely  radiated, 
for  the  necessity  of  radiating  normal  tissue 
and  the  length  of  time  required  ha\e  made 
it  difficult  to  accomplish.  We  are  hoping 
that  a  treatment  of  the  chest  areas  with 
our  new  high-voltage  machine  may  give 
more  satisfactory  results  in  the  pleural 
and  mediastinal  areas. 

RESULTS     IN    VARIOUS    GROUPS 

Primary  Operable  Carcinoma  of  the 
Breast.  Following  radiation  of  a  breast 
carcinoma,  a  definite  fibrosis  occurs  in  and 
about  the  tumor,  but  the  mass  present 
may  not  contain  any  definite  living  tumor 
cells.  In  a  case  which  has  shown  con- 
siderable regression,  if  radiation  is  persisted 
in,  and  especially  if  bare-tube  insertion 
or  the  platinum  needle  is  employed  several 
times,  one  is  very  apt  to  break  down  con- 
nective tissue  in  and  about  the  tumor, 
causing  an  intractable  ulceration.  It  is 
much  wiser  to  avoid  overradiation  of  such 
cases,  being  satisfied  with  a  fair  rather 
than  a  perfect  result. 

The  average  routine  case  in  this  group 
is  given  a  pre-operative  x-ray  cycle,  followed 
three  to  four  days  afterwards  by  a  com- 
plete radical  operation,  using  the  Willy- 
Meyer-Halstead  technique,  both  muscles 
being  removed.  A  very  long  oblique  in- 
cision is  made,  running  2  in.  below  the 
costal  margin,  and  this  usually  enables 
complete  closure  of  the  wound.  Very 
careful  and  wide  dissection  of  fat  and 
fascia  underlying  skin  flaps  is  made.  We 
have  had  but  very  few  instances  of  skin 
recurrence  in  the  clinic  in  the  past  three 
years,  so  that  we  feel  that  this  type 
of  operation  without  a  wide  sacrifice  of 
skin,  is  justifiable.  When  the  wound  is  com- 
pletely healed,  two  or  three  weeks  follow- 
ing operation,  a  complete  postoperative 
cycle  of  .\-rays  is  given.  The  case  is  followed 
routinely  in  the  breast  clinic  indefinitely, 
month  by  month,  and  treatment  is  given 
as  indicated. 

Exceptional  cases  occurring  in  the  pri- 
mary operable  group  are  the  women  at  or 
above  seventy  years  of  age,  which  special 
group  we  have  determined  to  follow 
through,  entirely  on  the  basis  of  treatment 
bv  radiation.  Although  some  older  women 
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are  perfectly  good  operati\'e  risks,  we  feel 
that  this  is  a  justifiable  procedure  in  these 
cases,  and  we  are  following  this  Hmited 
group  with  a  considerable  degree  of  interest. 
Further,  we  believe  that  a  definite  obliga- 
tion rests  upon  Memorial  Hospital  to 
develop  data  of  this  sort,  and  we  believe 
that  it  is  possible  without  added  risk  to 
our  patients.  We  have  had  some  very 
interesting  and  satisfactory  results  to 
date,  covering  a  period,  in  some  cases,  of 
two  years.  The  procedure  for  such  cases 
is  x-ray  externally,  and  insertion  of  bare 
tubes  into  the  tumor  and  axillary  masses. 
We  do  not,  however,  feel  justified  in 
making  a  further  report  at  present  on 
these  cases. 

Primary  Inoperable  Carcinoma  of  the 
Breast.  This  constitutes  one  of  our  large 
groups,  and  certainly  one  in  which,  with- 
out radiation,  a  practically  hopeless  result 
must  be  expected  by  the  surgeon  in  charge 
of  the  case.  Of  the  83  cases  occurring  in 
this  group  in  the  period  covered  in  the 
present  report,  26  were  very  advanced, 
the  average  duration  of  life  after  treat- 
ment approximating  four  months,  with  a 
total  average  duration  of  two  years  and 
9.2  months.  All  the  cases  in  this  group  are 
dead.  Of  the  57  more  favorable  ones  which 
might  reasonably  be  treated  with  some 
hope  of  success,  25  are  alive  at  the  writing 
of  this  report  of  those  doing  well.  Of  these, 
■  12  are  doing  badly,  and  13  are  doing  well. 
The  average  duration  of  life  after  treat- 
ment was  two  years  and  3.1  months,  the 
longest  duration  after  treatment  being 
four  years  and  the  shortest,  one  year  and 
5  months. 

Recurrent  Inoperable  Carcinoma  of  the 
Breast.  This  is  our  largest  group  in  which 
the  surgeon  must  look  to  the  radiologist 
for  definite  help,  for  treatment  by  radia- 
tion offers  practically  the  only  hope  of 
checking  the  disease  or  curing  the  patient. 
In  the  years  19 18,  19 19  and  1920,  only 
six  patients  presented  themselves  to  the 
hospital  whom  we  felt  justified  in  classify- 
ing as  recurrent  operable  carcinomata  of 
the  breast. 

In  the  treatment  of  these  cases,  x- 
radiation  has  been  by  far  the  agent  most 
often  employed,  and,  the  radium  pack  or 
radium  bare  tubes  have  been  used  in  well 


localized,  sharply  defined  recurrent  masses. 
In  comparing  our  series  of  recurrent  cases, 
covering  three  years,  with  those  of  another 
New  York  Hospital  where  no  radiation 
was  used  after  operation  or  for  recurrence, 
we  find  that  our  period  of  life  following 
recurrence  is  three  times  as  long  as  theirs. 
We  feel,  therefore,  that  the  treatment  of 
recurrent  cases  by  radiation  gives,  with- 
out doubt,  a  marked  prolongation  of  life. 
In  our  group  of  recurrent  inoperable 
cases,  we  have  felt  it  wise  to  make  a  sub- 
division between  the  really  advanced 
cases  and  those  in  which  reasonable  hope 
of  improvement  might  be  expected  from 
radiation.  Excluding  the  very  advanced 
cases,  we  have  had  124  in  the  recurrent 
inoperable  class,  31  of  which  are  alive, 
some  of  them  doing  well.  We  therefore 
are  greatly  encouraged  in  the  treatment 
of  these  cases  by  radiation. 

Prophylactic  Cases  Reported  for  Treat- 
ment after  Radical  Removal  of  the  Breast 
for  Carcinoma.  We  have  routinely  given 
a  pre-operative  .v-ray  cycle  for  the  past 
four  or  five  years.  We  believe  that  it  is  of 
definite  service,  and  that  it  does  not  mate- 
rially interfere  with  wound  healing.  Suffi- 
cient evidence  has  not  accumulated  up  to 
date  to  determine  whether  or  not  the  pre- 
operative cycle  prevents  or  delays  a  possible 
recurrence,  but  we  believe  that  it  may 
do  both.  A  later  study,  comparing  a  large 
group  of  cases  in  which  a  pre-operative 
cycle  was  not  used  with  one  at  Memorial 
Hospital  in  which  it  was,  may  furnish  some 
data  to  settle  the  question  of  usefulness. 

Concerning  the  postoperati\e  cycle,  we 
feel  certain  that  it  is  efficient  and  that  it 
has  given  marked  results  in  cases  where 
it  has  been  employed,  for  we  know  it 
lengthens  the  time  between  the  operation 
and  recurrence.  We  believe,  too,  that  it 
may  entirely  prevent  a  recurrence,  if 
properly  planned  and  administered,  and 
delay  the  rate  of  growth  when  recurrence 
has  already  occurred. 

Pathology.  As  to  the  pathology  of  cases 
under  our  care,  we  have  made  an  earnest 
effort  to  obtain  microscopic  sections  of  as 
many  cases  as  possible  in  the  clinic,  but 
at  present  we  nave  been  able  to  obtain 
this  information  in  only  about  40  per  cent 
of  the  cases.  Up  to  the  present  it  has  been 
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difficult  to  correlate  the  histological  pioture 
with  the  clinical  behavior  of  the  disease, 
although  certain  anatomical  types  follow 
a  more  or  less  fixed  clinical  course,  but  we 
hope  that  by  observation  and  study  we 
may  reach  a  more  reasonable  basis  for 
therapy  for  the  various  anatomical  varie- 
ties of  breast  carcinoma. 

CONCLUSIONS 

All  in  all,  the  outlook  in  the  treatment  of 
carcinomata  of  the  breast  by  radiation  is  a 
most  encouraging  one.  We  feel  that  in  no 
case  of  mammary  cancer  treated  by  surgery 
can  the  proper  use  of  x-radiation  be  dis- 
carded. Radiation,  properly  administered, 
is  the  most  effective  aid  in  the  care  of 
carcinoma  of  the  breast  surgically  treated; 
and  in  every  surgical  clinic  a  pre-operative 
and  postoperative  cycle  should  be  em- 
ployed if  best  results  are  to  be  obtained. 

As  to  the  treatment  of  primary  inoper- 
able and  recurrent  cases:  We  feel  that  our 
best  method  at  present  is  external  radiation 
by  x-ray,  with  a  fifteen-minute  exposure, 
lo-in.  spark  gap,  and  i2-in.  focal  dis- 
tance, with  4  mm.  aluminum  filtration, 
and  4  ma.  of  current,  followed  by  an 
implantation  of  radium  bare  tubes  into  the 
growth,  giving  a  complete  dose  at  the 
first  sitting.  We  are  greatly  encouraged  at 
the  present  outlook. 

We  know  that  surgery  has  something 
very  definite  to  offer  for  the  relief  of 
carcinoma  of  the  breast,  but  we  also  feel 
that  a  more  careful  follow-up  of  cases  in 
the  surgical  field  may  reveal  a  much  poorer 
percentage  of  five-year  cures  than  is 
generally  believed.  Our  own  conviction  is, 
that  of  100  cases  treated  surgically,  15  to 
25  per  cent  may  be  expected  to  be  alive  at 
the  end  of  five  years. 

With  such  a  discouragingoutlook  afforded 
by  surgery,  we  feel  that  the  addition  of 
radiation  to  the  treatment  of  this  terrible 
disease  should  be  followed  in  a  most  careful 
and  systematic  manner,  the  radiologist 
and  the  surgeon  working  together  to  solve 
the  therapy  of  the  disease. 

DISCUSSION 

Dr.  Buknam.  I  notice  tlic  essayist  did  not 
mention  the  dilfcrcnccs  in  tlie  radiosensibility  of 
the  scirrlious  tyjje,  tlic  nuxliillary  type  and  the 


types  of  breast  cancer.  I  believe  there  are  other 
marked  differences,  depending  on  the  his- 
tological structure.  Small,  round-cell,  scirrhous 
tumors  in  old  women  are  difficult  to  affect. 
It  is  well  to  remember  that  patients  with 
microscopical  evidence  of  cancer  can  five  for 
years  in  good  health.  I  recently  saw  a  woman 
who  had  a  small  recurrent  nodule  in  the  scar  of 
a  breast  removal  of  twenty  years  before. 

We  have  had  splendid  results  in  Ijonc  metas- 
tases, particularly  of  the  skull  and  spine.  As 
these  are  the  occasion  of  pain  and  disability, 
the  relief  of  such  metastases,  even  where 
general  cure  is  impossible,  may  be  of  great 
value.  I  feel  that  radium  offers  a  means  of 
widely  extending  the  surgical  operation  locally, 
and  of  taking  care  of  some  metastases.  One  case 
of  adenocarcinoma  of  the  breast  (medullary 
type),  which  I  have  had  under  observation 
more  than  two  years,  seems  almost  as  radio- 
sensible  as  a  sarcoma.  Some  other  cases  have 
stood  radiation  that  squamous  cell  epithelioma 
would  have  yielded  to,  without  being  destroyed. 
Dr.  Gaylord.  I  did  not  hear  all  of  Dr.  Lee's 
address,  but  it  seems  to  me  that  with  regard 
to  carcinoma  of  the  breast,  there  is  one  definite 
problem,  and  that  is  whether  we  may  substitute 
radium  for  surgery. 

We  have  treated  between  30  and  40  cases  of 
early  operable  carcinoma  with  radium  and 
x-ray  combined. 

I  had  the  pleasure  recently  of  showing  6  such 
cases  to  Dr.  F.  Finney,  when  he  visited  the 
Institute.  Distinct  evidence  of  carcinoma  had 
disappeared,  only  small  indurations  being  left. 
Dr.  Finney  was  of  the  opinion  that  these  cases 
should  not  be  operated  upon,  but  should  be  - 
observed  for  a  period  of  years  for  tiie  purpose 
of  determining  tiie  value  of  radiation  in  early 
carcinoma. 

At  the  State  Institute,  where  we  maintain  a 
diagnosis  service  for  the  surgeons  of  the  state, 
we  have  witnessed  in  the  last  ten  years  a  great 
change  in  the  character  of  the  specimens  sent 
in.  When  the  service  started,  90  per  cent  of  the 
specimens  were  carcinoma;  today,  this  per  cent 
is  only  28;  showing  that  surgeons  are  removing 
suspicious  lesions  much  earlier  than  previously, 
and  are  also  sending  us  earlier  cases  than 
i^efore. 

Dr.  Pfahler.  We  have  one  patient  alive 
eight  years  after  a  definite  mediastinal  involve- 
ment; another  one  lived  six  years  and  ulti- 
mately died  of  the  disease.  We  have  several 
others  who  have  lived  a  shorter  time. 

Dr.  Lee  (closing  discussion).  In  the  first 
place,  I  think  the  surgical  results  to  date,  so  far 
as  I  sec  the  cases,  are  not  as  good  as  the 
nmiority  of  us  believe.  I  followed  through  our 
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cases  at  the  Memorial  Hospital  for  five  years 
with  and  without  metastases  and  find  that  the 
surgical  results  were  much  poorer  than  I  had 
anticipated  they  would  be. 

Another  point:  A  case  that  is  clinically  and 
primarily  an  operable  carcinoma  may  not  be  at 
all  a  suitable  case  for  operation.  For  instance, 
a  young  woman  of  twenty-seven,  pregnant  two 
months,  with  a  rapidlj-  growing  tumor  involv- 
ing the  whole  breast,  is  not  a  case  for  opera- 
tion. It  is  much  better  left  alone,  or  the  uterus 
emptied  and  the  area  radiated.  I  recently 
saw  a  case  of  this  verj'  tj'pe.  Some  men  wanted 
to  operate  on  this  woman,  but  I  advised 
strongly  against  it.  We  have  had  several  cases 
at  the  breast  clinic  at  the  Memorial  Hospital, 


with  supraclavicular  nodes  as  big  as  a  fist,  which 
we  classified  as  inoperable.  They  have  gone  out- 
side and  consulted  another  surgeon,  who  has 
performed  the  usual  radical  breast  amputation, 
and  in  six  months  have  come  back  with  nodes 
as  big  as  ever.  I  think  many  cases  should  be 
treated  surgically;  for  instance,  75  per  cent 
of  the  operable  cases  at  the  Memorial  Hospital, 
in  the  last  five  years. 

As  to  pre-operative  radiation,  we  do  not  feel 
that  at  present  we  have  real  evidence  for  or 
against  it.  We  believe  that  ultimately  a  large 
series  of  cases  may  be  compared  with  cases 
that  have  not  had  pre-operative  .v-ray;  and  in 
this  way  we  may  obtain  some  idea  of  the  result 
that  may  be  attained. 


AN  AUTOMATIC  SWITCH  FOR  BUCKY  DIAPHRAGMS 

BY    EUGENE   VERNON    POWELL,    M.D. 
X-Ray     Department,     St.     Bartholomew's    Clinic     and     Hospital 

NEW   YORK   CITi' 


THE  dissatisfaction  with  the  devices 
ordinarily  used  to  indicate  that  the 
grid  of  a  Bucky  diaphragm  is  moving,  has 
been  indicated  several  times  by  the  pub- 
lished description  of  various  substitutes. 
All  the  while,  it  seemed  that  something 
which  would  automatically  make  the 
exposure  while  the  grid  would  be  moving, 
and  at  the  same  time  insure  against  the 
appearance  of  the  "corduroy"  markings, 
would  satisfy  the  requirements  completely. 
For  that  reason,  the  method  which  I  have 
used  in  the  .v-ray  department  of  St. 
Bartholomew's  Clinic  and  Hospital  since 
April,    1922,   seems  to   merit  description. 

It  consists,  as  will  be  seen  in  the  accom- 
panying sketch,  of  a  sliding  contact  switch 
with  which  the  "make"  occurs  after  the 
grid  has  started  to  move,  and  which  will 
break  the  circuit  before  the  grid  has  again 
come  to  rest. 

The  fixed  pole  of  the  switch  consists  of  a 
metal  plate  counter-sunk  into  a  block  of 
fiber  or  other  insulating  material  so  that 
the  surfaces  of  the  conductor  and  its 
insulating  base  are  flush  with  each  other, 
and  so  that  the  other  pole  of  the  switch 
may  travel  across  the  block  without 
interference  that  will  affect  the  motion  of 
the  grid,  to  which  it  is  attached  by  a 
fiber  arm.  The  length  of  the  plate  should  be 


such  that  the  arc  described  across  it  by  the 
moving  contact  point  will  not  exactly  equal 
the  distance  between  any  two  strips  of 
the  grid,  so  insuring  that  the  metal  strips 
are  not  in  the  same  relative  positions  to  the 
fiber  at  the  beginning  and  end  of  the  expo- 
sure. Also,  the  plate  should  be  so  placed  in 
the  block  that  contact  is  made  approxi- 
mately during  the  middle  two  quarters  of 
the  grid's  excursion. 

A  binding  post  is  fixed  to  the  metal  plate 
at  such  a  place  that  it  will  be  entirely  clear 
of  the  movable  pole. 

The  movable  pole  consists  of  a  short 
metal  bar,  one  end  of  which  is  fastened  to 
the  insulating  block  beneath  the  middle 
of  the  metal  plate,  and  in  such  position  that 
its  free  end  may  describe  an  arc  across  the 
fixed  pole.  Extending  at  a  right  angle  from 
the  free  end  of  this  bar  is  a  screw  with  a 
rounded  head.  It  is  locked  to  the  swinging 
arm  at  a  length  so  as  to  make  contact 
when  it  slides  across  the  metal  plate. 
When  at  rest,  however,  this  screw-head 
rests  on  the  insulating  block.  A  second  bind- 
ing post  is  fastened  to  a  convenient  place 
on  the  swinging  bar,  near  its  fixed  end.  This 
bar  is  also  connected  to  the  middle  of  one 
end  of  the  grid  by  a  fiber  bar,  so  that  when 
the  grid  moves,  the  free  arm  of  the  switch  is 
driven  back  and  forth  across  the  fixed  plate. 
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The  switch  should  be  mounted  at  one 
end  of  the  Bucky  diaphragm  and  inside  the 
frame  by  screws  through  the  block  near 
its  corners,  and  with  the  back  of  the  block 
away  from  the  grid.  When  the  top  of  the 
"Bucky"  is  replaced,  the  switch  is  entirely 
enclosed. 

The  leads  from  the  two  binding  posts  go 
to  an  attachment  receptacle  of  the  flush 
wail  type.  This  should  be  located  so  as  to 
open  on  the  side  of  the  Bucky  away  from 
that  in  which  the  cassettes  are  placed.  An 


resetting  of  the  grid  without  intentionally 
opening  the  circuit  elsewhere. 

This  device  can  be  built  in  the  laboratory, 
and,  as  it  is  complete  in  itself  and  in  no  way 
interferes  with  other  signal  devices,  it 
need  not  be  used  unless  so  desired.  The 
length  of  exposure  is  entirely  dependent  on 
the  speed  of  the  grid,  and  if  used,  the  expo- 
sure must  be  made  while  the  grid  is  mo\ing. 

The  most  serious  objection  that  can  be 
offered  to  the  use  of  this  arrangement  is, 
that    it    places    grounded    metal   beneath 


The  shaded  portions  indicate  the  conductors.  The  positions  of  the  swinging  arm  before  and  after 
exposure  are  indicated  by  the  broken  lines. 


extension  cord,  when  plugged  into  this 
receptacle,  leads  to  the  solenoid  of  a  remote 
control  contactor,  such  as  is  used  on,  or 
can  be  adapted  to,  any  x-ray  machine. 
The  only  reason  for  not  taking  these  leads 
directly  to  the  primary  of  the  high  tension 
transformer  is  that  the  arcing  in  making 
and  breaking  of  heavy  currents  would  prob- 
ably soon  destroy  the  sliding  contacts. 
Somewhere  in  the  leads,  between  the 
Bucky  diaphragm  and  the  contactor, 
a  spring  foot-switch  should  be  placed  in 
series  with  the  sliding  contact  switch.  As 
this  will  have  to  be  closed  when  making  the 
exposure,  it  will,  when   open,   permit  the 


the  patient.  However,  since  Bucky  expo- 
sures are  made  with  the  tube  at  a  greater 
than  average  distance  from  the  film,  and 
thus  at  a  greater  distance  from  the  patient, 
perfect  safety  would  generally  be  insured. 
So  it  seems  that  under  the  circumstances  of 
its  special  purpose,  the  added  con\enience 
afforded  by  this  device  would  permit 
us  to  use  it,  even  though  grounded  metal 
beneath  the  patient  is  to  be  ordinarily 
avoided. 

I  wish  to  acknowledge  the  assistance 
given  by  Mr.  J.  iM.  Blake,  the  chief  engineer 
at  St.  Bartholomew's,  and  to  thank  him 
for  building  the  switch  that  I  am  now  using. 


A  NOTE  ON  THE  USE  OF  THE  BUCKY-POTTER 
DIAPHRAGM  WITH  THE  FLUOROSCOPE 

BY  WALTER  C.  ALVAREZ,   ALD. 

SAN  FRANCISCO,  CALIFORNIA 


WHEN  the  great  efficiency  of  the 
Bucky-Potter  diaphragm  became 
apparent  two  years  ago,  a  few  manufac- 
turers supplied  grids  for  use  on  fluoro- 
scopes.  I  tried  one  for  a  while  and  then  gave 
it  up  because  the  shadows  of  the  lead  strips 
bothered  me  and  cut  out  so  much  of  the 
light. 

A  few  months  ago  there  appeared  the 
paper  of  Wilsey,'  who  showed  that  the 
efficiency  of  these  diaphragms  depends 
largely  on  the  closeness  of  the  photo- 
graphic plate  to  the  grid.  It  immediately 
occurred  to  me  that  a  high  degree  of 
efficiency  in  the  fluoroscope  might  be 
obtained  by  removing  the  calcium  tung- 
state  screen  from  its  position  next  to  the 
lead  glass  window,  and  fastening  it  closely 
to  the  convex  surface  of  a  grid  placed  just 
behind  that  window.  This  was  done, 
and  the  screen  surface  was  protected  from 
dust  and  dripping  barium  by  a  thin  cover 
of  celluloid  (a  14  X  17  film  with  its 
emulsion  removed). 

The  results  obtained  have  been  most 
satisfactory,  and  I  would  not  now  think 
of  parting  with  the   apparatus.    Even   in 

'  WiLSEY.  R.  B.  The  efficiency  of  the  Bucky-diaphragm  princi- 
ple Am.  J.  Roentgenol.,  1922,  ix,  58. 


stout  people  the  abdominal  organs  show  up 
much  as  they  do  in  a  good  plate.  Strange 
to  say,  the  grid  hardly  shows  at  all.  It 
is  troublesome  only  when  one  is  looking  at 
the  chest.  Some  light  is,  of  course,  cut  out 
by  the  apparatus,  but  this  loss  is  more  than 
compensated  for  by  the  great  increase  in 
definition  at  the  edges  of  the  barium  shad- 
ows. Furthermore,  I  find  that  I  can  use 
with  advantage  a  much  higher  spark-gap 
than  ever  before.  This  gives  better  pene- 
tration in  cases  of  stout  people,  without 
any  of  the  fogging  which  formerly  increased 
as  fast  as  the  voltage  was  raised. 

The  only  objection  I  now  have  to  the 
grid  on  the  fluoroscope  is  that  when  palda- 
ting  the  abdomen  one  has  to  be  so  careful  to 
keep  the  screen  from  rotating  slightly  on  a 
vertical  axis.  Such  rotation  naturally  shuts 
off  almost  all  the  light. 

The  more  recent  work  of  Wilsey-  shows 
that  an  efficient  grid  can  be  made  .16  in. 
deep  with  lead  strips  .oi  in.  thick  and  gaps 
.05  in.  wide.  It  seems  to  me  that  the  use  of 
such  a  delicate  grid,  with  the  fluorescent 
screen  closely  applied,  would  bring  the 
radioscope  very  close  to  perfection. 

2  Wilsey.  R.  B.  Some  practical  results  with  a  Potter-Bucky 
diaphragm.  Am.  J.  Roentgenol.,  1922,  ix,  441. 
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BY   PRESTON   M.   HICKEY,   A.B.,    M.D. 


ANN   ARBOR,    MICHIGAN 


IT  IS  always  interesting  to  devote  some 
attention  to  history.  At  the  time  history 
is  being  made,  it  is  difficult  to  get  any  other 
viewpoint  than  that  afforded  in  one's  own 
immediate  environment.  It  is  necessary 
to  wait  for  the  perspective  imparted  by 
lapse  of  time  to  appreciate  properly  the 
various  forces  which  are  active,  and  to 
estimate  their  ultimate  value  to  man. 

If  too  much  time  is  allowed  to  elapse 
before  this  historical  study  is  made,  the 
picture  is  frequently  falsified  by  lack  of 
knowledge  of  what  actually  took  place. 
It  is  our  belief  that  the  popular  historian  is 
very  rarely  an  accurate  one. 

It  therefore  seems  to  us  timely  to  study 
some  of  the  phases  of  roentgenology  pre- 
sented by  the  Great  War,  and  to  trace 
some  of  the  after-influences  as  we  now  have 
the  privilege  of  seeing  them. 

In  1 91 4,  the  art  of  the  roentgen  rays 
was  not  quite  past  its  second  decade.  Its 
applications  had  been  limited  principally 
to  civil  life.  There  had  been  no  true  oppor- 
tunity to  test  the  usefulness  of  the  rays  in 
military  surgery,  and  comparatively  little 
had  been  written  about  the  uses  which  had 
been  made;  with  the  notable  exception  of 
the  work  published  by  the  Surgeon- 
General's  office,  under  the  immediate 
direction  of  Colonel  Ford,  there  was  little 
literature  to  which  one  could  turn. 

There  was,  then,  in  1914,  presented  a 
phase  in  medical  history  which  was  prac- 
tically without  precedent.  There  arose  the 
opportunity  for  the  medical  profession  to 
make  use  of  a  new  discovery  whose  prac- 
tical applications  were  of  the  utmost 
importance  from  a  surgical  and  medical 
standpoint.  When  we  think  back  and 
realize  how  quickly  the  new  art  was 
developed  in  its  new  applications  from  a 
military  standpoint,  we  can  again  con- 
gratulate oursehes  on  belonging  to  prob- 
ably the  most  progressive  of  all  professions. 

The  French  and  English,  although  they 
attempted  at  once  to  make  the  most  liberal 


use  of  the  roentgen  rays  in  their  military 
hospitals,  found  themselves  confronted 
with  the  great  problem  of  supplies.  In 
France,  there  was  no  time  to  develop 
factories;  the  lack  of  men,  who  were  all 
needed  in  the  army,  the  difficulty  in 
obtaining  materials,  the  suddenness  with 
which  the  necessity  arose,  all  combined 
to  make  the  extensive  use  of  the  roentgen 
rays  difficult.  In  order  to  supply  the  French 
army,  practically  every  type  of  private 
-v-ray  outfit  was  taken  over  by  the  authori- 
ties and  placed  at  the  disposal  of  the 
military  surgeons.  The  English  were  in  a 
particularly  unfortunate  position,  owing 
to  their  short-sighted  policy  of  free  trade. 
The  English  manufacturers  of  x-ray  appa- 
ratus had  never  received  any  encourage- 
ment from  their  government,  and,  being 
placed  in  competition  with  German  and 
French  manufacturers,  had,  at  the  begin- 
ning of  the  war,  not  obtained  any  degree  of 
manufacturing  importance.  Consequently, 
when  the  English  authorities  attempted 
to  supply  the  demands  of  the  English 
military  surgeons,  they  found  the  greatest 
difficulty  in  manufacturing  .v-ray  supplies. 
The  English  military  hospitals  were  handi- 
capped all  through  the  war  by  the  lack  of 
standardized  equipment.  The  wonderful 
way  in  which  they  "carried  on,"  however, 
under  such  trying  circumstances,  is  a 
matter  of  congratulation. 

We  feel  proud  of  the  way  in  which  our 
American  roentgenologists  who  were  aid- 
ing the  British  in  1915  and  1916  did  their 
part.  Among  the  few  names  which  I  might 
mention  are  those  of  Walter  Dodd,  A.  H. 
Pirie,  and  Percy  Brown,  whose  fame  will  be 
lasting. 

Even  after  it  was  apparent  to  the  aver- 
age reader  of  the  daily  newspaper  that 
the  United  States  would  ultimately  be 
drawn  into  the  war,  valuable  time  was 
apparently  lost  which  could  have  been 
spent  in  preparation  for  the  inevitable 
conflict.  It  was,  perhaps,  difficult  for  the 
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Surgeon-General's  office,  without  authori- 
zation and  appropriation  from  Congress, 
to  take  the  initiative  in  planning  and  pre- 
paring for  the  x-ray  needs  of  a  great  army. 

However,  when  the  decisive  step  was 
taken,  the  roentgenologists  of  the  country, 
through  their  active  cooperation,  helped 
to  make  up  for  the  time  that  had  been  lost, 
and  by  their  enthusiasm  and  self-sacri- 
ficing patriotism  performed  their  allotted 
tasks  in  a  manner  of  which  we  can  well  be 
proud. 

Very  early  in  these  preparations,  it  was 
definitely  realized  that  only  by  standardi- 
zation of  methods  of  education  and  the 
adoption  of  uniform  standardized  types 
of  apparatus  could  the  work  be  successfully 
carried  out.  Fortunately,  the  manufactur- 
ers of  this  country  had  been  favored  by 
the  government,  so  that  they  were  in 
much  better  shape  to  undertake  their 
tremendous  task  than  had  been  their 
English  and  French  brothers. 

It  would  be  useless,  or  perhaps  I  should 
say  needless,  to  enumerate  the  various 
difficulties  which  were  surmounted,  as 
many  of  you  are  familiar,  from  your  own 
experience,  with  the  way  in  which  the 
situation  was  handled.  I  think  it  can  be 
said  without  exaggeration  that  no  branch 
of  the  medical  service  of  the  army  furnished 
more  satisfactory  and  complete  assistance 
than  did  the  Department  of  Roentgenology. 
The  American  soldier,  when  wounded,  and 
in  need  of  rapid  and  accurate  localization 
of  bullet  or  shrapnel,  was  carefully  and 
expeditiously  cared  for,  and  the  American 
soldier,  when  ill,  was  taken  care  of  by  a 
medical  department  which  always  had 
the  assistance,  when  desired,  of  a  w'ell- 
equipped  x-ray  laboratory. 

It  is  a  matter  of  congratulation  to  us, 
as  members  of  this  great  specialty,  to  feel 
that  the  x-ray  examinations,  as  demanded 
by  military  exigencies,  were  always  avail- 
able, and  were  completed  in  a  manner 
which  compared  with  any  other  depart- 
ment in  the  medical  service. 

From  the  fact  that  the  x-ray  work  fur- 
nished to  the  army  was  highly  satisfactory, 
there  has  resulted  a  great  stimulus  to 
x-ray  work  in  general.  It  will  be  our  pleas- 
ure to  discuss  for  a  few  moments  some  of 
the  various  results  which  followed  the  war. 


In  the  examination  of  the  recruits  for 
the  Mexican  campaign,  in  191 6,  compara- 
tively little  was  done  with  x-rays  except 
as  certain  isolated  and  special  cases  might 
require. 

With  the  beginning  of  the  recruiting 
service  for  the  Great  War,  there  developed 
a  conviction  that  the  x-ray  examina- 
tion of  the  chest,  somewhat  superficial 
though  it  might  be,  in  view  of  the 
thousands  of  men  to  be  looked  over,  was 
an  important  factor  in  the  weeding  out  of 
the  physically  unfit,  and  that  with  its  use 
could  be  detected  obscure  pulmonary  con- 
ditions which  might  become  grossly  exag- 
gerated under  the  trying  experiences  of  an 
active  campaign.  The  work  of  Cole,  Dun- 
ham, and  others  demonstrated  most  effec- 
tively that  it  was  possible  to  examine 
quickly  large  numbers  of  men  and  make 
x-ray  plates  of  their  chests,  and  that  the 
additional  expense  was  amply  justified 
by  the  saving  to  the  government  in  suitably 
classifying  those  whose  pulmonary  path- 
ology was  important,  if  not  always 
evident. 

It  is,  perhaps,  hard  to  realize  the  far- 
reaching  effects  of  such  a  procedure  in 
popularizing  with  the  internist  the  routine 
x-ray  examination  of  the  chest.  The  army 
surgeon,  recruited  from  the  ranks  of  tne 
civilian  practitioner,  had  not  been  in  the 
habit  of  considering  the  roentgenograph 
of  the  chest  as  an  important  routine  pro- 
cedure. However,  when,  in  the  pursuance 
of  his  military  duties,  he  found  at  his 
elbow  a  well-trained  roentgenologist,  with 
a  comparatively  well-equipped  laboratory, 
he  became  accustomed  to  rely  for  the 
confirmation  of  his  opinion  on  the  intelli- 
gent interpretation  of  the  pulmonary 
plates.  When  confronted  with  large  num- 
bers of  cases  of  pneumonia,  he  began  to 
realize  that  the  well-interpreted  plates 
had  at  least  equal  weight  with  a  careful 
physical  examination  of  the  chest.  One 
of  the  great  factors  in  this  change  was 
the  ease  wath  which  x-ray  examinations 
could  be  obtained,  without  considering  the 
cost  in  dollars  and  cents  to  the  patient. 
Where  previously  he  had  found  it  neces- 
sary to  consult  with  the  patient  as  to 
whether  the  latter  was  financially  able  to 
afford  the  necessary  x-ray  examination,  he 
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found  all  this  changed,  and  that  the  simple 
writing  of  a  request  threw  the  financial 
burden  on  the  government.  If  the  internist 
were  attached  to  a  base  hospital  receiving 
hundreds  of  patients  with  the  accompany- 
ing perplexing  questions  of  diagnosis,  he 
found  that  the  simple  request  for  an  x-ray 
examination  of  the  chest  or  of  the  gastro- 
intestinal tract  would  give  him,  not  merely 
assistance  in  making  up  his  mind  as  to  the 
presence  or  absence  of  decided  pathology, 
but  that  often  the  final  word  in  the  diag- 
nosis would  be  furnished  by  the  X-ray 
Department. 

We  think  we  can  safely  say  that  the 
average  internist,  during  his  military 
service,  became  rapidly  educated  to  seek 
the  assistance  of  the  roentgenologist  and 
the  roentgen  laboratory  in  a  manner  to 
which  he  was,  indeed,  before  a  stranger. 

In  looking  over  the  statistics  of  x-ray 
departments  in  different  parts  of  the 
country,  we  are  struck  by  the  great  increase 
in  the  number  of  examinations  which  were 
made  in  the  year  191 8.  This,  we  think,  is 
largely  accounted  for  by  the  fact  that  the 
returned  military  surgeons,  when  re-enter- 
ing civil  practice,  continued  their  habit  of 
seeking  aid  from  the  x-ray  laboratories. 

Not  only  did  the  military  surgeon 
become  rapidly  accustomed  to  a  more 
liberal  employment  of  these  examinations, 
but  the  returned  soldier,  when  confronted 
by  illness  of  himself  or  of  his  family, 
frequently  suggested  the  use  of  x-rays  to 
which  he  had  become  accustomed  during 
his  time  of  military  service. 

Hospital  superintendents  and  members 
of  hospital  boards,  from  their  experience 
with  army  necessities,  have  come,  we 
think,  to  adopt  a  much  more  liberal 
policy  than  formerly  with  regard  to  the 
planning  of  x-ray  laboratories  in  our  various 
hospitals.  Before  the  war,  the  favored 
place  for  the  x-ray  laboratory,  according  to 
the  hospital  superintendent's  idea,  was 
the  basement,  next  door  to  the  coal  cellar 
or  the  laundry.  A  gradual  improvement 
has  been  noticed  in  the  location  of  x-ray 
laboratories,  and  a  more  liberal  policy  has 
been  established  with  regard  to  the  equip- 
ment of  the  same. 

We  believe  also  that  this  same  increase 
of  liberality  has  extended  to  the  recom- 


pense for  the  work  done.  The  salaries  of 
roentgenologists  have  been  increased,  and 
in  many  cases  the  work  has  been  placed 
upon  a  profit-sharing  basis. 

On  account  of  the  changed  attitude  of 
the  profession  and  of  the  patient,  x-ray 
laboratories  in  hospitals  have  been  placed 
on  a  self-sustaining  basis,  and,  in  many 
instances,  have  become  a  distinct  source 
of  revenue  to  the  finances  of  the  hospital. 

It  is  significant,  also,  to  note  that  one  of 
the  requirements  for  an  A  class  hospital 
is  a  well-equipped  and  properly  manned 
x-ray  laboratory. 

The  rapidly  extended  use  of  x-rays 
in  war  time  introduced  many  physicians 
to  the  specialty,  and  after  the  war  was 
over,  there  was  observed  a  large  increase 
in  those  who  specialized  in  x-ray  work. 
Many  found  places  in  the  newly-developed 
clinics  which  rapidly  arose  in  different 
parts  of  the  country,  and  many  opened 
offices,  either  as  part-time  or  full-time 
roentgenologists.  While  some  of  these 
were  only  imperfectly  fitted  for  their  new 
specialty,  the  law  of  the  survival  of  the 
fittest  has  either  spurred  them  to  diligent 
study  or  has  weeded  them  out. 

The  influence  of  the  war  on  the  manu- 
facturers of  x-ray  apparatus  has  also 
been  very  striking.  On  account  of  the 
large  number  of  new  roentgenologists, 
manufacturers  have  been  kept  quite  busy, 
and  the  steady  demand  for  their  wares 
has  enabled  them  to  follow  along  lines  of 
quantity  production  with  well-standard- 
ized equipment.  When  one  compares  the 
American  manufacturers  with  those  abroad, 
he  realizes  that  the  former  have  fallen 
quickly  in  line  with  quantity  production 
of  standard  quality,  so  characteristic 
of  American  manufacturers.  At  the  pres- 
ent time  one  feels  that  money  invested 
with  any  reputable  American  manufac- 
turer will  be  exchanged  for  apparatus  of 
a  standard  type. 

In  this  hasty  survey  of  the  situation,  it 
would  be  amiss  not  to  mention  the  rapid 
development  of  so-called  portable  units 
since  the  war.  Formerly  our  portable  work 
was  done  with  the  dress-suit-casc  type 
of  the  high-frequency  machine,  without 
meters  and  without  a  precise  technique. 
Formerly  only  the  more  simple  types  of 
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examinations  were  feasible;  now  with 
the  modern  portable  machine,  plates  are 
obtained  of  a  quality  comparable  with 
those  made  by  a  well-equipped  laboratory. 

It  is  quite  fitting  at  this  juncture  to 
recall  the  painstaking,  resourceful  work 
which  was  done  in  the  development  of  the 
portable  outfit  by  our  lamented  friend, 
Professor  Shearer.  It  is  onlj^  when  we  place 
side  bjf  side  the  old  model  of  the  portable 
outfit  with  the  present  highly-developed 
model  that  we  realize  the  developmental 
work  which  was  done.  Certainly  none  of 
the  work,  varied  and  extensive  though 
it  was,  that  Professor  Shearer  accomplished 
during  his  fruitful  life  was  more  productive 
of  real  practical  results  than  the  perfection 
of  the  bed-side  unit. 

On  account  of  standardized  methods 
in  the  army  school  and  in  army  practice, 
the  Coolidge  tube  has  become  even  more 
popular  and  useful  than  before.  Its  wide 
popularity  has  resulted  in  a  more  uniform 
technique,  which  has  steadfastly  raised 
the  general  standard  of  excellence  of  plates. 
It  is  interesting  to  visit  different  labora- 
tories and  see  the  uniform  excellence  of 
work  which  is  now  being  done,  owing  to 
a  standardized  technique. 

A  more  liberal  use  of  fluoroscopy  in  the 
removal  of  foreign  bodies  is  also  traceable 
to  the  army  training.  No  longer  is  the  hand 
or  foot  extensively  mutilated  in  long- 
continued  efforts  to  find  a  needle  or  a 
bullet.  Operation  under  fluoroscopic  con- 
trol is  now  perfectly  safe  by  the  intermit- 
tent method,  and  results  in  easy  removal, 
with  a  minimum  laceration  of  the  tissues. 

The  extensive  use  of  the  fluoroscope  in 
the  manipulation  and  control  of  fractures 
is  also  a  step  in  roentgenologic  progress. 

Another  outcome  of  the  development 
of  war  activities  has  been  the  diminution 
in  the  size  of  machines.  With  the  self- 
rectifying  tube  and  the  bed-side  type  of 
transformer,  the  internist  is  now  able  to 
do  adequate  fluoroscopy  and  still  not  en- 
croach on  valuable  office  space.  In  plan- 
ning or  installation  of  x-ray  outfits  in 
buildings  where  the  price  per  square 
foot  is  high,  this  constitutes  a  very  impor- 
tant item.  Practically  very  little  floor 
space  is  needed  for  the  electric  part  of  an 
x-rav  outfit. 


It  is  interesting  to  note  also  the  large 
number  of  internists  who  have  placed 
fluoroscopes  in  their  offices,  not  with  the 
idea  of  specializing  in  x-ray  work,  but 
simply  wishing  to  have  conveniently  at 
hand  an  x-ray  control  of  their  physical 
findings.  Here  again,  the  simplified  appara- 
tus which  has  developed  from  war-time 
practice  is  conspicuous. 

The  problem  of  glass  plates,  their  weight, 
and  inherent  danger  of  breakage,  caused 
all  who  had  to  deal  with  military  x-ray 
supplies  to  welcome  the  x-ray  film.  A 
cursory  survey  of  the  different  laboratories 
in  the  country  shows  that  the  film  has 
replaced  the  plate  in  practically  every 
laboratory. 

The  ability  to  mail  films  has  been  a  great 
saving  to  patients  and  has  been  of  much 
practical  value  in  the  referring  of  cases 
to  different  parts  of  the  country. 

In  no  other  branch  of  x-ray  development 
has  there  been  greater  progress  than  in 
literature.  Before  the  war,  American  x-ray 
literature  languished,  overshadowed  by 
the  work  of  more  prolific  writers  from 
across  the  water.  Since  the  war,  however, 
American  x-ray  literature  has  come  into 
its  own;  our  x-ray  journals  have  increased 
in  size,  quality  and  circulation;  many  books 
have  appeared  which  are  a  credit  to  their 
writers,  and  we  can  point  to  them  with 
a  feeling  of  national  pride.  The  large  num- 
ber of  workers  naturally  furnishes  a 
good  market,  which  in  turn  encourages 
production. 

Our  society  should  foster  in  every  way 
this  outcome  of  the  war,  and  not  allow 
foreign  publishers  again  to  monopolize 
the  field.  The  opportunity  came  and  was 
seized  upon;  let  us  not  now  lose  it. 

With  this  advent  of  standardized  tech- 
nique, we  must  not  forget  that  we  should 
turn  our  attention  to  standardization  of 
methods  of  roentgenologic  teaching,  and 
that  we  should  urge  upon  the  different 
medical  colleges  of  the  country  the  neces- 
sity of  a  more  uniform  curriculum  in 
x-ray  work.  It  is  undoubtedly  true  that 
there  is  coming  a  period  of  readjustment 
in  methods  of  medical  education.  There 
is  a  feeling  that  there  is  too  much  memor- 
izing of  known  but  infrequently  applied 
knowledge.  The  type  of  instruction  must 
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change  from  the  highly  theoretical  to  a 
more  practical  cast.  If  we  do  not  insist 
that  our  own  specialty  receive  proper 
recognition,  it  may  happen  that  the  change 
in  the  curriculum  which  will  soon  come 
about,  will  not  accord  to  roentgenology  its 
proper  place.  We,  accordingly,  as  a  weli- 
recognized  and  influential  society,  should 
seek  to  extend  these  post-war  influences, 
so  that  they  may  be  perpetualized  through 
proper  medical  education. 

In  conclusion,  it  may  be  said  that  the 
sacrifices  and  hard  work  of  the  roentgen- 
ologists during  the  war  have  not  been 
without  reward  in  a  great  broadening  of 
the  field  of  roentgenology,  and  that  any 
survey  like  this,  however  incomplete, 
can  only  be  made  with  satisfaction  that 
the  work  has  been  so  well  recognized. 

DISCUSSION 

Dr.  Christie.  I  have  practically  nothing  to 
add  to  Dr.  Hickey's  very  timely  paper.  It 
seems  to  me  it  is  a  very  timely  paper,  because 
it  brings  to  us  a  resume  of  the  things  that 
happened  during  and  since  the  war.  Many  of  us 
had  great  misgivings  during  the  war  about 
what  was  to  happen  to  roentgenology  as  a 
specialty  because  of  the  great  number  of  men 
who  had  to  be  trained  for  .v-ray  work  during 
the  war.  It  seemed  that  the  small  amount  of 
training  that  so  many  men  received  would  turn 
loose  on  the  country  very  many  poorly- 
prepared  men.  This  misgiving  was  not  verj- 
well  founded,  because  those  who  were  not 
well  trained,  and  who  had  little  ability  for 
advancement  in  this  specialty  have  dropped 
out.  There  have  been  added  to  the  specialty  a 
very  great  many  well-trained  and  excellent 
men.  There  are  one  or  two  points  I  wish  to 
emphasize  in  Dr.  Hickey's  paper:  One  point 
that  especially  appealed  to  me  is  that  the  .v-ray 
work  in  all  our  hospitals  in  the  army  did  bring 
to  the  internist  and  surgeon  appreciation  of 
.v-ray  work  which  they  never  had  before.  It  is 
certainly  so  in  my  own  city.  Very  many  men 
who  knew  nothing  at  all  of  the  value  of  A-ray 
work  before  the  war,  came  back  after  the  war, 
and  appreciated  the  value  of  this  work. 
Besides  that,  it  has  a  great  influence  in  helping 
to  stamp  out,  to  some  extent,  the  commercial 
laboratory,  because  the  men  who  served  in  good 
post-hospitals  during  the  war  found  out  what 
good  .v-ray  work  was  and  were  able  to  dis- 
criminate between  the  two.  For  that  reason 
they  are  coming  to  men  who  arc  well-qualified 
roentgenologists.    I    Iniiexf   with    Dr.    Hickcy 


that  the  general  effect  of  .v-ray  work  during  the 
war  has  been  for  the  good  of  our  specialty,  and 
medicine  in  general. 

Dr.  Pirie.  First  of  all,  I  wish  to  agree  with 
Dr.  Hickey  on  the  effect  of  the  war  on  the 
development  of  .v-rays.  It  has  popularized 
.v-rays  and  has  given  us  a  great  deal  more  to  do. 
I  looked  for  great  developments  from  the  war, 
and  I  found  none.  The  great  development  is 
the  popularity  of  the  .v-ray  now,  in  comparison 
with  what  it  was  before.  One  development 
which  has  arisen  and  which  I  did  not  foresee, 
and  is  only  coming  now  in  my  practice,  is  this: 
The  army  files  which  kept  the  history  sheets 
were  big  folders;  we  use  similar  folders  in  hospi- 
tals in  Canada,  and  since  the  introduction 
of  films,  I  file  the  films  away  with  the  medical 
history  in  these  folders,  so  that  at  any  future 
date  when  I  want  the  films,  I  get  with  them 
the  complete  history  of  the  case.  It  is  also 
an  easy  way  of  disposing  of  films. 

I  am  going  to  disagree  with  Dr.  Hickey  in  his 
statement  that  the  short-sighted  policy  of  the 
English  did  not  supply  good  apparatus.  Now, 
a  good  many  of  you  do  not  know  what  the 
English  did  in  the  .v-ray  world.  I  saw  2,000 
.v-ray  tubes  waiting  to  be  sent  to  France.  We 
never  failed  to  have  .v-ray  plates  when  we 
wanted  them.  The  apparatus  we  had  did  the 
work,  and  that  was  what  we  were  after — to 
localize  the  foreign  bodies  and  get  the  boys 
back  to  the  front  as  soon  as  possible.  No  man 
was  burned  by  the  English  apparatus  during 
the  war.  Although  we  did  not  have  extremely 
fine  apparatus,  it  was  war,  and  we  wanted 
apparatus  that  would  do  the  work. 

Dr.  LeWald,  of  New  \'ork,  showed  some 
lantern  slides,  and  called  attention  to  the  work 
of  the  late  Dr.  E.  W.  Caldwell,  and  asked 
Dr.  Hickey  if  any  further  development  had 
followed  in  the  use  of  the  Caldwell  Stereo- 
fluoroscope,  and  the  bakelite  canvas  stretcher 
top.  Dr.  LeWald  referred  to  the  work  of  the 
late  Prof.  John  S.  Shearer  and  his  associates, 
especially  that  of  Captain  Middleditch;  and 
of  the  large  number  of  roentgenologists  (nearly 
three  hundred)  instructed  in  the  New  York 
School  of  Military  Roentgenology,  many  of 
whom  were  present.  He  referred  to  the  work  of 
the  instructors  who  remained  in  this  country, 
and  considered  the  relative  importance  of 
their  work  as  essential  to  the  winning  of  the 
war. 

Dr.  LeWald  wishes  to  emphasize  what  Dr. 
Hickey  said  relative  to  the  importance  of  the 
proper  teaching  of  roentgenology  in  the 
Medical  Colleges,  as,  otherwise,  the  full  effect 
of  the  marked  stimulus  which  resulted  from  the 
war  might  be  lost. 
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Dr.  Manges.  I  am  sure  we  have  all  enjoyed 
Dr.  Hickey's  paper.  Only  Dr.  Hickey  could 
write  a  paper  like  this,  and  if  we  take  the  time 
really  to  study  what  he  has  said  (and  we  can- 
not get  it  from  just  sitting  listening  to  it)  we 
will  find  that  it  has  a  great  deal  of  interest  for  all 
of  us.  I  have  only  a  few  words  to  say  in  dis- 
cussion, and  those  because  his  paper  has 
brought  back  to  me  impressions  that  I  have 
had  since  the  war  has  closed. 

In  the  first  place,  there  has  been  an  increas- 
ing demand  for  instruction.  More  and  more 
men  are  applying  to  the  larger  clinics  for 
advanced  instruction.  I  know  that,  because  in 
the  last  few  years  I  have  had  to  turn  away 
numbers  of  men  who  wanted  instruction  of 
one  kind  or  another.  I  was  so  situated  that  I 
could  not  take  care  of  many  of  them,  and  I 
have  no  doubt  there  are  others  with  the  same 
experience.  Some  of  these  men  wanted  to  come 
for  a  term  of  months,  or  even  for  a  full  year. 
Just  this  one  fact  alone  emphasizes  what  Dr. 
Hickey  brings  out  in  his  paper — that  is,  the 
tremendous  effect  the  war  has  had  on  our 
specialty. 

Then  there  is  another  fact  of  importance: 
There  is  an  increasing  demand  for  trained  or 
experienced  roentgenologists.  I  have  numerous 
letters  on  file,  asking  me  to  recommend  such 
men  for  good  positions.  I  have  not  been  able 
to  supply  them,  for  the  very  good  reason  that 
every  well-trained  man  is  already  established. 

There  is  still  another  impressive  fact.  Before 
the  war,  our  work  came  to  us  largely  from  the 
older  and  more  established  members  ot  our 
profession,  whereas  now,  a  great  deal  of  it 
comes  from  the  young  surgeons  and  internists 
who  were  in  the  service.  Our  clinics  and 
laboratories  are  simply  overwhelmed  with 
requests  for  the  study  of  the  sinuses,  chests, 
urinary  and  gastrointestinal  tracts,  and  of  all 
other  parts  of  the  body.  These  men  learned 
during  their  service  to  depend  a  great  deal 
upon  the  diagnostic  aid  of  the  roentgenologists 
of  their  organizations.  Many  of  them  had  to 
face  problems  in  camp  life  in  this  country,  as 
well  as  at  the  hospitals  near  the  front  in  Europe, 
such  as 'they  had  never  experienced  in  civil 
practice.  In  most  of  the  camps  there  were 
epidemics,  and  in  all  of  them  there  developed 
conditions  in  the  chests  of  many  of  the  officers 
and  enlisted  men  who  were  brought  from 
sedentary  and  more  or  less  inactive  lives  into 
new  surroundings,  and  were  put  to  unusual 
exertion,    so   that    many    of  them    developed 


bronchitis  or  some  degree  of  bronchopneu- 
monia; others  suffered  from  dilatation  of  the 
heart  and  a  certain  degree  of  pulmonary 
congestion.  It  was  demanded  of  them  that  an 
early  diagnosis  be  made,  and  they  learned  to 
depend  a  great  deal  upon  the  x-ray  depart- 
ment— especially  to  rule  on  the  question  of 
pulmonary  tuberculosis.  Many  officers  and  men 
who  were  suspected  of  being  tuberculous  cases 
returned  to  normal  with  rest  after  negative 
.\"-ray  diagnoses.  Now  all  those  clinicians  and 
internists  are  our  warmest  friends,  and  they 
are  depending  more  and  more  on  us  to  confirm 
or  refute  their  diagnoses  as  to  chest  and  other 
conditions. 

I  wonder  if  all  of  you  really  appreciate  the 
amount  and  value  of  the  teaching  that  was  done 
during  the  war.  Those  of  us  who  were  actively 
engaged  in  it  realize  that  we  were  trying  to  do 
something  big,  and  if  we  did  accomplish 
something — and  I  believe  we  did — it  was 
largely  due  to  the  master-mind  of  Shearer,  who 
was  a  born  teacher  and  who  knew  our  problems 
from  A  to  Z,  especially  the  electrical  and 
mechanical  problems.  He  directed  every  bit 
of  the  technical  teaching  that  was  done,  that 
was  of  any  value,  during  the  war.  We  did  not 
teach  our  individual  ideas  or  hobbies.  There 
was  no  place  for  that.  Shearer  had  that  insight 
as  to  what  was  needed,  and  after  a  little 
conference  in  New  York,  before  we  got  actually 
started,  we  had  practically  mapped  out  the 
line  of  work  that  was  to  be  carried  out.  I  am 
sure  that  that  teaching  has  had  wonderful 
effect  on  the  future  of  roentgenology.  As  to 
Dr.  Hickey's  recommendations  for  future 
teaching  in  the  undergraduate  schools,  I  think 
there  is  a  great  deal  of  thought  to  be  given  to 
that,  and  I  am  not  prepared  to  discuss  it  any 
further. 

Dr.  Hickey  (closing  discussion).  One  thought 
was  prominent  in  w-riting  this  paper:  that  when 
the  Americans  entered  the  war,  they  had  the 
advantage  of  using  standardized  apparatus  for 
.v-ray  diagnosis.  I  think  it  can  be  considered 
as  settled  beyond  discussion  that  a  military 
hospital  which  has  the  advantage  of  stand- 
ardized -v-ray  apparatus  will,  in  general,  turn 
out  better  work  than  one  not  fitted  with 
standardized  apparatus. 

It  is  to  be  hoped  that  out  of  this  discussion 
will  come  a  stimulus  to  our  publication  com- 
mittee to  elevate  our  journal  in  every  possible 
way,  so  that  it  will  be  the  leading  roentgenologic 
publication  in  the  world. 
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CORRESPONDENCE 

To  The  Editor: 

In  your  April,  1922,  issue,  p.  247,  Prof. 
Hazen  has  tlie  following  remark: 

"At  the  present  time  I  should  be  much 
inclined  to  feel  that  superficial  cancers  will 
yield  much  more  rapidly  to  unfiltered  than 
to  filtered  doses  and  that  the  very  powerful 
types  of  apparatus  that  are  now  being 
developed  will  have  no  effect  upon  the  prog- 
nosis of  skin  cancer." 

This  is  not  my  experience.  I  irradiated  a 
patient  with  rodent  ulcer  extending  from 
the  inner  canthus  of  one  eye  to  that  of  the 
other.  Almost  all  of  the  nasal  carti- 
lages were  eroded.  Exposure,  on  July  20th 
last,  to  60  minutes,  5  ma.,  200,000  volts, 
filter  1.3  mm.  Cu.,  and  i  mm.  AL,  skin- 
target  50  cm.,  led  to  prompt  healing.  The 
ulceration  over  the  cartilages  healed  at 
once,  the  mucous  membrane  growing  over 
it  without  any  delay.  The  dose  has  been 
repeated  only  once  (on  Sept.  8th). 

Yours    faithfully, 
H.  Flecker. 

THE  LEONARD  PRIZE 

The  American  Roentgen  Ray  Society 
is  again  offering  the  Leonard  Prize  in  1923, 
details  for  which  appear  on  advertising 
page  i  of  this  number  of  the  Journal. 
The  manuscripts  submitted  for  the  192 1 
prize  were  of  a  high  order  of  merit  and 
covered  a  variety  of  subjects  pertinent  to 


Roentgenology.  It  is  to  be  hoped  that  the 
contestants  for  the  next  prize  will  be 
equally  zealous  in  their  efforts. 

The  meeting  of  the  Eastern  Section  at 
Atlantic  City  promises  to  be  of  consider- 
able interest,  judging  from  the  following 
preliminary  statement. 

PRELIMINARY  PROGRAM  OF  MID- 
WINTER MEETING  EASTERN 
SECTION  A.  R.  R.  S. 

Thursday,  Jan.  25,  8:  15  p.m. 

Localization  of  Braiii  Tumors  by  Cerebral 
Piieumograpby.  Dr.  Walter  Dandj-  (By 
invitation),    Baltimore,    Md. 

Discussion  to  be  opened  by  Dr.  Harry  C.  Kerr 
(By  invitation),  Washington,  D.  C,  Dr. 
Foster  Kennedv  (Bv  invitation).  New  York 
City,  N.  Y.  and  Dr.  H.  K.  Pancoast,  Phila- 
delphia, Pa. 

Friday,  Jan.  26,  9  a.m. 
Some    Preliminary    Observations    on     Cardiac 

Measureinents  in  Children.  Dr.  F.  S.  Borzell, 

and  Dr.  Ralpli  M.  Tyson  (By  invitation), 

Philadelphia,  Pa. 
Discussion  to  be  opened  by  Dr.  H.  K.  Pancoast, 

Philadelphia,  Pa. 
Slereoscopy  oj  the  Accessory  Sinuses.  Dr.  G.  W. 

Grier,  Pittsburgh,  Pa. 
Discussion  to  be  opened  bv  Dr.  F.  M.  Law, 

New  ^'ork  City,  N.  \'. 
Para-Articular     Tuberculosis.     Dr.     Lawrence 

Reynolds,  Detroit,  Midi. 
Discussion  to  be  opened  hx  Dr.  Leon  LeWald, 

New  ^"ork  City,  N.  ^■.   ' 
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Osteitis   Fibrosa    Cystica.    Dr.    Percy    Brown, 

Madison,  Wis. 
Discussion  to  be  opened  Ijy  Dr.  F.  H.  Baetjer, 

Baltimore,  Md. 
A  New  Tube  Holder  for  Deep  Roentgen  Therapy. 

Dr.  Edwin  A.  ^ierritt,  Washington,  D.  C. 
Discussion  to  he  opened  by  Dr.  W.  H.  Stewart, 

New  \'ork  City,  N.  Y.  ^ 
Roentgen  Diagnosis  of  Deep   Cervical  Glands. 

Dr.  Lewis  G.  Cole,  New  York  City,  N.  Y. 
Discussion  to  be  opened  by  Dr.  W.  F.  Manges, 

Philadelphia,  Pa. 
Roentgenographic  Studies  of  Abscess  oj  the  Lung 

Treated    Successfully    by    the    Bronchoscopic 

Method.  Dr.  W.  H.  Stewart,  New  ^'ork  City, 

_N.    Y. 
Discussion  to  be  opened  by  Dr.  Leopold  Jaches, 

New  ^'ork  City,  N.  Y. ' 

Friday,  2  p.m. 

Secondary  Signs  of  Gall  Bladder  Patholog},'. 
Dr.  Ralph  D.  Leonard,  Boston,  Mass. 

Discussion  to  be  opened  by  Dr.  Lewis  G.  Cole, 
New  ^'ork  City,  N.  \'.  \ 

Diagnosis  of  Obscure  Abdominal  Lesions  by  the 
Routirie  Castro- Intestinal  Examination.  Dr. 
W.  H.  Dickson  (By  inyitation),  Toronto, 
Ontario. 

Discussion  to  be  opened  by  Dr.  G.  E.  Pfahler, 
Philadelphia,  Pa. 

Further  Studies  in  the  Biology  of  Cancer  Cells. 
Dr.  Francis  C.  Wood  (By  invitation).  New 
York  City,  N.  Y. 

Discussion  to  be  opened  by  Dr.  James  Ewing 
(By  in\itation).  New  York  City,  N.  Y. 

Measurement  of  Dosage  by  Means  of  loinzation 
Chambers.  Dr.  William  Duane  (By  invita- 
tion), Boston,  Mass. 

Discussion  to  be  opened  by  Dr.  Otto  Glasser 
(By  invitation),  Baltimore,  Md.  On  Dosage 
Problems. 

Measurement  of  Ionization  Produced  by  Scat- 
tered and  Secondary  Radiation  Which  ii 
Effective  in  Producing  an  Erythema.  Eugene 
Leddy,  M.  D.,  and  J.  L.  Weatherwax,  M.  A. 
(By  invitation),   Philadelphia,   Pa. 

Discussion  to  be  opened  by  Mr.  G.  Failla  (By 
invitation),  New  York  City,  N.  Y. 

Friday,  8:  15  p.iVi. 

The  Diagiiosis  of  Bone  Tianors  Based  upon  the 
Clinical   History,    Examination,    X-ray   and 


the  Pathology  as  Exposed  by  Operation.  Dr. 
Joseph  C.  Bloodgood  (By  invitation),  Balti- 
more, Md. 

Discussion  to  be  opened  by  Dr.  James  Ewing 
(By  invitation).  New  \'ork  City,  N.  Y.,  and 
Dr.  F.  H.  Baetier,  Baltimore,  Md. 

Lantern  Slide  Exhibit 

S.^TURDAY,  Jan.  27,  9  a.m. 

Statistics  and  Technique  in  the  Treatment  of 
Prostatic  Hypertrophy  by  Means  of  the 
Roentgeti  and  Radium.  Dr.  J.  T.  Stevens, 
Montclair,  N.  J. 

Discussion  to  be  opened  by  Dr.  J.  T.  Geraghty 
(By  invitation),  Baltimore,  Md. 

Systemic  Effects  of  Deep  Roentgen  Irradiation. 
Dr.   James   T.   Case,    Battle   Creek,    Mich. 

Discussion  to  be  opened  by  Dr.  J.  M.  Steiner, 
New  York  City,  N.  Y. 

High  Voltage  Roentgen  Therapy  in  the  Treat- 
ment of  Carcinoma  of  the  Breast.  Dr.  G.  E. 
Pfahler,  Philadelphia,  Pa. 

Discussion  to  be  opened  by  Dr.  Samuel  Stern, 
New  "i'ork  City,  N.  Y. 

The  Treatment  of  Carcinoma  of  the  Floor  of  the 
Mouth.  Dr.  Douglas  Quick,  New  York  City, 
N.  Y. 

Discussion  to  be  opened  by  Dr.  G.  E.  Pfahler, 
Philadelphia,  Pa. 

Saturday,  2  p.m. 

Treatment  of  Carcitioma  of  Esophagus  by  Deep 
X-ray  Therapy.  Dr.  Alexander  Pirie,  Mon- 
treal, Canada. 

Discussion  to  be  opened  by  Dr.  J.  M.  Steiner, 
New  York  City,  N.  Y.,  and  Dr.  James  T. 
Case,  Battle  Creek,  Mich. 

Results  Obtained  by  Radiation  {Radium  and 
Roentge7i  Rays)  in  Malignancy  of  the  Prostate 
and  Bladder.  Dr.  J.  T.  Geraghty  (By 
invitation),  Baltimore,  Md. 

Discussion  to  be  opened  by  Dr.  H.  G.  Bugbee 
(By  inyitation).  New  York. 

A  Re-iew  of  the  Treatment  of  Hyperthyroidism 
by  All  Methods  xvith  a  Resume  of  the  Authors' 
Experience  ivith  Roentgen  Therapy.  Drs. 
Thomas  A.  Groover,  Arthur  C.  Christie  and 
Edwin  A.  Merritt,  Washington,  D.  C. 

Discussion  to  be  opened  by  Dr.  George  E. 
Pfahler,  Philadelphia,  Pa.  " 

Business  Meeting. — Election  of  Officers. 

Annual  Meeting  of  the  Military  Roentgenologists. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  ?{ew  York  City,  are  in- 
vited  to  mci\e  the  office  of  The  Journal  (69  East  59th  Street,  7i,ew  TorlO  their  headquarters.  Mail, 
paclfages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance;  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  J^lew  Yor\  hospitals  on  file  in  our  office  daily. 
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The  Physical  and  Technical  Founda- 
tion FOR  the  Measurement  and 
Dosage  of  the  Roentgen  Rays,  by 
Frederick  Voltz.  Supplement  VI  to 
Strahlentherapie,  with  173  figures.  Ber- 
lin, Vienna,  Urban  &  Schwarzenberg, 
192 1. 

This  volume,  consisting  of  about  300  pages, 
gives  an  exhaustive  presentation  of  the  physi- 
cal nature  of  the  roentgen  rays,  their  measure- 
ment and  dosage.  The  book  is  primarily 
intended  for  the  physician,  for  the  technician 
and  for  all  those  who  work  with  .v-rays.  How- 
ever, it  presents  a  good  amount  of  mathe- 
matical physics  for  the  practitioner,  so  that  he 
has  to  select  the  matter  which  interests  him 
theoretically,  and  which  is  important  for  him 
practically. 

For  the  purposes  of  this  review,  a  few  of  the 
conclusions  which  are  valuable  for  practical 
therapeutics  have  been  selected.  As  direct 
measuring  methods  of  the  quantity  of  the 
roentgen  rays,  (i)  the  iontoquantimeter  and  (2) 
the  selenium  ceil  (Fiirstenau  intensimater)  are 
of  practical  value.  The  first  is  also  applicable 
for  scientific  purposes  and  for  comparative 
tests,  and  gives  the  most  reliable  results.  In 
the  iontoquantimeter,  the  .\-rays  ionize  the 
gases  in  a  graphite  chamber;  through  the 
ionization  an  electrometer  connected  there- 
with is  discharged;  the  time  of  discharge  is  the 
measurement  for  the  quantity  of  absorbed 
roentgen-ray  energy.  The  unit  of  measure  for 
the  quantity  of  electricity  generated  in  the 
chamber  is  "e"  (Friedrich);  its  dimension  is 
cm. ^2  X  g.^2  X  sec."'.  With  this  unit,  a  capacity 
of  I  cm.  to  300  volts  can  be  attained.  The 
selenium  cell  of  the  Fiirstenau  intensimeter  has 
the  defect  of  selective  absorption,  which, 
however,  is  of  little  importance  in  the  practical 
measuring  of  intensity  and  surface  energy. 
This  defect  is  still  less  important,  because,  in 
practice,  the  bundle  of  roentgen  rays  is  filtered 
and  the  maximum  of  intensity  is  consequently 
sliifted  over  to  the  region  of  the  short  wave- 
lengths which  lie  bcNond  the  absorption  band 
of  selenium.  For  that  reason,  the  selenium  cell 
can  very  well  be  employed  for  the  purpose  of 
comparing  intensities,  provided  the  conditions 
of  roentgen-ray  generation  and  the  apparatus 
remain  the  same.  To  employ  quantimetric 
and  qualimetric  methods  at  each  irradiation  is 
too  cumbersome  for  the  determination  of  the 
.v-ray   dose.   Scitz   and   \\intz   ha\c  therefore 


introduced  irradiation  according  to  time  into 
roentgen  therapy. 

The  mixture  of  rays  of  a  roentgen  tube  is 
first  measured  quantitatively  and  qualitatively 
with  some  measuring  device  (most  frequently 
the  iontoquantimeter).  For  practical  operation, 
the  following  factors  must  remain  the  same: 
(i)  Tension  on  the  line  (voltmeter);  (2) 
primary  self-induction  (measure  of  the  degree 
of  voltage);  (3)  the  number  of  turns  of  the 
interrupting  motor  (tachometer);  (4)  second- 
ary voltage  (parallel  spark  gap  measure  of 
hardness  of  tension);  (5)  intensity  of  the 
secondary  current  (milliampere  meter). 

The  radiation  from  the  tube  must  be  tested 
at  definite  intervals. 

As  a  unit,  is  assumed  the  skin  erythema 
dose  (H.E.D.),  or  that  quantity  of  rays  which 
causes  a  slight  reddening  of  the  skin  after 
eight  days  and  a  slight  bronzing  of  the  skin 
after  fourteen  days. 

Provided  the  above-mentioned  conditions 
are  observed,  H.E.D.  is  always  obtained  in  the 
same  space  of  time. 

The  skin  erythema  dose,  H.E.D.  which 
equals  100  per  cent,  must  be  brought  into 
definite  relation  with  Friedrich's  electrostatic 
unite: 


Skin  erythema  dose 
Castration  dose 
Muscle  dose 
Intestinal  dose 


100%  H.E.D. 

35%  H.E.D. 

180%  H.E.D. 

135%  H.E.D. 


i~oe. 

58  e. 

306  e. 

230  e. 


(The  carcinoma  dose  =110  per  cent  H.E.D. 
and  the  sarcoma  dose  =  70  per  cent  H.E.D.  are 
not  accepted  as  sufficiently  established.) 

The  biological  measuring  method  according 
to  Jiingling  seems  destined  to  play  an  impor- 
tant role  as  a  control  of  the  physical  measure- 
ments. Jiingling  irradiated  the  germinating 
sperms  of  the  vicia  faba  equina  from  the  first 
to  the  second  day  of  germination.  He  observed 
the  injury  caused  by  the  irradiation  and  gave 
the  following  conclusions:  (i)  Arrest  of  growth 
after  forty-five  days  without  the  formation 
of  lateral  radicles  =  H.E.D.  =  100  per  cent: 

(2)  appearance  of  the  lateral  radicles  at  the 
tip  of  the  radicles,  dose  =  60  to  85  per  cent; 

(3)  appearance  of  the  lateral  radicles  in  the 
center,  dose  =  40  to  53  per  cent;  (4)  a  delay  of 
two  days  in  the  appearance  of  the  lateral 
radicles,  dose  =  33  per  cent;  (5)  nv  delay,  dose 
up  to  13  per  cent. 

A  delinite  temperature  (thermostat)  is 
essential  for  working  with  this  method. 
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Petersen,  William  F.,  and  Saelhof,  Clar- 
ence C.  Roentgen-Ray  Stimulation  of  the 
Pancreas  in  Experimental  Pancreatic  Defi- 
ciency. (Am.  J.  M.  Sc,  Mch.,  1922,  cixiii, 
3,391-) 

With  roentgen  stimulation  of  organs  two 
distinct  methods  may  be  considered.  The  first 
would  include  the  stimulation  of  dys-  or  hypo- 
functioning  organs  with  the  purpose  of  restor- 
ing function  to  the  normal.  The  treatment  of 
anuria  in  acute  parenchymatous  nephritis; 
iiepatic  intoxication  in  some  forms  of  cirrliosis; 
achylia;  anemia  of  certain  types;  particularly, 
endocrine  disturbances — the  ovaries  in  some 
forms  of  amenorrhea,  the  testicles,  the  hypo- 
physis in  growth  disturbances,  the  adrenals  in 
Addison's  disease,  the  pancreas  in  diabetes; 
all  these  are  examples  of  possibilities  of  the 
first  method. 

The  second  method  includes  the  stimulation 
of  normal  organs  and  the  augmentation  of  the 
serum  enzymes,  thromboplastic  substances, 
antibodies,  etc.,  therewith  bringing  about  thera- 
peutic effects  on  systemic  or  localized  infec- 
tions or  other  pathological  processes.  With 
this  end  in  view  experiments  were  conducted 
on  partially  depancreatized  dogs  and  the  fol- 
lowing conclusions  were  drawn  from  the  work. 
In  experimental  pancreatic  deficiency  due  to 
partial  pancreatectomy,  roentgen  irradiation 
of  the  pancreatic  rest  may  be  followed  by  (a) 
a  transient  increase  in  sugar  output,  then  by 
(6)  an  increase  in  carbohydrate  tolerance.  This 
latter  may  occur  without  the  preliminary 
increase  in  sugar  excretion,  and  the  increased 
tolerance  which  may  be  transient  or  may 
extend  over  a  period  of  several  weeks  after 
irradiation,  therefore,  not  be  due  to  the 
preliminary  increase  in  sugar  elimination. 
When  increased  sugar  elimination  is  brought 
about  by  some  other  irritant  (turpentine 
abscesses),  no  increase  in  carbohydrate  toler- 
ance is  later  observed. 

The'eflFect  on  the  blood  sugar  varies.  Usually 
a  temporary  increase  in  the  blood  sugar  can  be 
determined,  followed  by  a  lowering  of  the  level 
from  five  hours  to  several  days  after  the  irradia- 
tion. When  evidences  of  acidosis  exist  at  the 
time  of  irradiation  they  may  diminish  or  dis- 
appear with  the  improvement  in  the  sugar 
tolerance. 

The  effect  of  irradiation  of  the  pancreas  is 
due  to  direct  stimulation  of  cellular  metabolic 
processes  and  not  due  solely  to  alterations 
primarily  vascular.  This  stimulation  is  merely 
an  example  of  the  Arndt-Schulz  observation 
that    cell    irritants   in   small   doses   stimulate 
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metabolic  processes.  When  the  irradiation  is 
used  in  too  large  a  dose,  injurj-  to  the  pan- 
creatic function  is  apparent  in  a  diminution  in 
carbohydrate  tolerance.  When  tissues  other 
than  those  containing  the  pancreatic  remainder 
are  irradiated,  no  effect  is  observed  on  the 
carbohydrate  tolerance,  other  than  the  primary 
augmentation  of  sugar  excretion.  The  titer  of 
the  serum  diastases,  which  may  be  altered  by 
irradiation  of  the  liver,  seems  to  be  without 
influence  on  the  tolerance. 

Herrmann,  George  R.,  and  Burrows,  Mont- 
rose T.  A  Hitherto  Undescribed  Tumor  of 
the  Base  of  the  Aorta.  Arch.  Inl.  Med., 
March,  1922,  xxix,  339. 

Tumors  of  the  heart  are  very  infrequent. 
Tumors  of  the  aorta  are  even  more  rare.  The 
tumor  described  took  origin  from  the  aorta 
and  was  attached  to  the  heart. 

A  detailed  history  of  the  case  is  given, 
together  with  the  roentgenographic  findings.  A 
7-ft.  roentgenogram  of  the  heart  showed  a  large, 
sharply-outlined  circular  shadow  projecting 
to  the  right  of  the  midclavicular  line.  The 
cardiac  dimensions  showed  a  marked  enlarge- 
ment of  the  right  side  of  the  heart.  The  autopsy 
findings  were  as  follows: 

"Heart:  The  organ  is  greatly  enlarged,  and 
a  large  tumor  mass,  the  size  of  a  large  orange, 
is  attached  to  the  superior  wall  of  the  right 
auricle,  to  the  tissue  of  the  auricular  septum, 
to  the  sides  of  the  aorta  and  pulmonary  artery. 
The  attachments  to  the  aorta  and  pulmonary 
artery  are  loose.  The  firm  attachment  is  to  the 
auricular  wall.  The  fibrous  tissue  of  the  peri- 
cardium of  the  heart  is  continuous  with  the 
tumor.  The  muscle  of  the  auricular  wall 
beneath  the  tumor  is  atrophic  and  apparently 
not  continuous  with  it.  The  attachment  to  the 
auricle  does  not  appear  to  be  a  primary  one, 
but  secondary  to  the  irritation  of  the  tumor 
lying  on  the  auricle.  The  heart  with  the  tumor 
weighs  945  gm. 

"The  myocardium  of  other  portions  of  the 
heart,  aside  from  the  hypertrophy,  show  noth- 
ing of  interest. 

"Lifting  the  tumor  away  from  the  aorta 
reveals  the  outer  wall  of  the  pouch,  which 
is  seen  to  be  continuous  with  a  tough  cylindrical- 
shaped  cord  of  tissue  which  passes  directlj'  to 
the  wall  of  the  tumor  to  disappear  within  it. 

"This  slender  cylindrical-shaped  cord  is 
evidently  the  pedicle  of  the  tumor,  and,  on 
close  inspection,  is  found  to  be  composed  exter- 
nally of  a  tough  gray  tissue  like  that  of  the 
aorta  or  one  of  the  large  arteries.  It  has,  how- 
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ever,  no  evident  open  lumen,  but  its  center  is 
composed  in  places  of  a  gelatinous,  and  in  other 
places  of  a  glistening  gray,  material.  Itmeasurcs 

4  cm.  long  and  )'2  cm.  in  diameter.  It  looks 
like  an  occluded  anomalous  arterial  branch. 

"The  tumor  is  ovoid  in  shape  and  measures 
12X9  cm.  It  has  a  tough,  hard  outer  wall  and 
is  fdled  with  a  greasy,  necrotic  material  which 
everywhere  glistens  as  if  it  contained  crystals. 
A  smear  of  this  necrotic  material  shows  large 
numbers  of  rhombic  plates  with  notched  corners. 
The  outer  tough  wall  is  thickened  at  this  point 
of  insertion  of  the  pedicle.  Here  there  is  a  large 
necrotic  fragile  nodule  which  extends  into  and 
replaces   a   part  of  the  soft  greasy  material. 

"The  remainder  of  the  wall  is  thin.  It  mea- 
sures from  I  to  2  mm.  in  thickness.  This  wall  is 
seen  to  be  divided  into  several  layers:  an  outer 
one,  resembling  muscle  in  many  places,  a 
second  fibrous-looking  layer,  and  an  inner 
layer  which  is  in  contact  with  the  glistening 
greasy  content.  This  last  layer  appears  to  be 
composed  of  a  gelatinous  material  which  in 
places  is  streaked  and  mottled  with  gray  and 
yellow  opaque  lines  and  splotches. 

"From  the  gross  description  alone  it  was 
evident,  therefore,  that  the  tumor  was  not  of 
auricular,  but  probably  of  aortic,  origin.  It  had 
arisen  from  an  anomalous  arterial-like  branch 
of  this  vessel." 

Stein.  Roentgen  Treatment  of  Condylomata 
Acuminata.  Wien.  klin.  Wchnschr.,  1921, 
No.  26. 

In  view  of  the  fact  that  surgical  treatment  is 
not  satisfactory  in  cases  of  broad,  large  condy- 
lomata acuminata,  and  that  recurrences  are 
frequent.  Stein  irradiated  14  cases  of  giant 
condylomata:  of  these  he  cured  6,  and  improved 

5  considerably;  but  2  cases  were  not  influenced 
at  all.  The  rapidly  growing,  cauliflower-like 
condylomata  react  promptly  to  irradiation. 
Smaller  warts,  occurring  in  groups,  are  resistant 
to  irradiation.  In  contradistinction  to  other 
authors  who  employ  hard  radiation  with  zinc 
filters.  Stein  uses  only  3  mm.  Al.  fdters  and 
irradiates  once  or  twice,  at  intervals  of  six  to 
eight  weeks. 

Adler.     Radiation  of  Carcinoma  of  the  Uterus. 

Wien.  klin.  Wchnschr.,  1921,  No.  26. 

Even  with  radium  treatment  there  is  a  pri- 
mary mortality;  septic  infections  occur  after 
the  intrauterine  introduction  of  radium. 
Against  exclusive  radiotherapy  in  these  cases, 
must  be  considered  the  fact  that  the  patients 
frequently  refuse  to  continue  the  treatment 
because  they  feel  very  well.  Operation  gives 
better  results  than  radiotherapy,  but  it  has 
come  to  the  limit  of  its  effectiveness.  For  this 


reason,  the  author  recommends  postoperative 
irradiation  of  these  cases,  but  not  radiotherapy 
in  place  of  operation.  He  operates  through  the 
vaginal  route  because  of  the  lesser  mortality 
involved,  and  then  he  combines  radium  with 
.v-rays.  Radium  is  introduced  immediately 
upon  completion  of  the  operation. 

Joseph.  A  case  of  death  following  pneumo- 
peritoneum. Berl.  klin.  Wchnschr.,  1921, 
No.  46. 

A  great  many  authors  report  favorable 
results  with  pneumoperitoneum,  which  may 
occasionally,  where  adhesions  are  present, 
even  produce  a  good  therapeutic  effect.  Least 
favorable  is  this  procedure  in  diseases  in  the 
true  pelvis;  very  frequently  no  help  in  diagnosis 
was  obtained.  Regarding  accidents:  Leschke 
reports  a  case  of  injury  to  the  gut;  in  peritoneal 
carcinoma  Teubern  reports  a  case  of  oppression 
caused  by  pre-peritoneal  emphysema,  which 
extended  up  to  the  neck.  According  to  the 
experience  of  Biernath,  one  should  wait  at 
least  fourteen  days  after  pneumoperitoneum 
before  operating.  The  simplest  technique  is  that 
which  employs  a  dull  needle  with  a  double 
bulb,  while  the  air  or  gas  is  propelled  through 
a  water  bottle.  Goetze  recommends  that  the 
patient  be  placed  on  the  right  side  and  the 
pelvis  be  elevated.  Under  these  circumstances 
the  intestinal  loops  are  avoided  as  they  drop 
to  one  side  following  the  force  of  gravity. 
Author  reports  one  case  of  death  out  of  a 
series  of  cases  of  pneumoperitoneum.  This  was 
caused  by  an  embolus.  In  all  probability  there 
was  an  injury  to  the  right  common  iliac  artery 
which  was  situated  right  below  the  thickened 
abdominal  wall,  as  a  result  of  very  marked 
scoliosis.  The  author  recommends  great  caution 
in  the  employment  of  pneumoperitoneum  in  all 
cases    where    there    are    anatomical    changes. 

Mengert.  Prophylactic  Irradiation  with  High 
Altitude  Sun  in  Rachitis.  Deutsche  med. 
Wchnschr.,  1921,  No.  24 

In  the  Municipal  Infants'  Home  at  Dresden, 
18  nursing  babies,  in  whom  rachitis,  in  all  likeli- 
hood, would  have  developed  later,  were  treated 
prophylactically  with  artificial  high  altitude 
sun.  Among  these  were  10  premature  births, 
5  suffered  from  disturbed  nutrition,  2  were 
congenitally  luetic  and  one  had  been  brought 
up  by  a  wet  nurse.  Only  the  latter  already 
showed  evidence  of  rachitis.  Irradiation  was 
carried  out  from  the  first  to  the  second  month. 
The  results  after  the  conclusion  of  irradiation 
were  excellent.  The  exceptionally  brilliant  cure 
in  the  almost  unavoidable  rachitis  of  premature 
birth  was  particularly  striking.  The  clinical 
observations    were    controlled     by    roentgen 
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examinations.  Technique  of  tlie  treatment: 
30  irradiations  in  all,  each  irradiation  followed 
bj'  an  interval  of  two  or  three  days,  alternate!}^ 
front  of  chest  and  back;  in  the  beginning,  three 
minutes  at  a  distance  of  one  meter.  The  dose  is 
then  increased  by  three  minutes  until  fif+een 
minutes  are  reached,  retaining  the  same 
distance.  After  several  exposures,  the  distance  is 
decreased  by  10  cm.  until  70  cm.  is  reached. 
Thereafter,  at  70  cm.  distance,  the  time  of 
exposure  is  again  increased  by  three  minutes 
up  to  thirty  minutes,  which  is  the  maximum 
time  of  exposure. 

RiJppEL.     Hilum  Tuberculosis  in  Adults.  Med. 

Klin.,  192 1,  No.  29. 

The  general  symptoms  of  tuberculosis  of 
the  bronchial  lymph-nodes  are  not  characteris- 
tic. Percussion  and  oscultation  frequentlj- 
leave  us  in  the  lurch.  On  the  other  hand,  the 
.v-ray  findings  show,  in  cases  of  tuberculosis  of 
the  bronchial  lymph-nodes,  massive  changes, 
and  at  one  stroke  clear  the  picture  of  the 
disease.  As  a  matter  of  differential  diagnosis,  it 
is  important  to  bear  in  mmd  the  swelling  of 
the  bronchial  nodes  which  occurs  after  grippe 
and  continues  for  some  time.  Comparative 
exposures  must  be  made  at  regular  intervals. 
If  one  sees  some  of  the  enlarged  bronchial 
lymph-nodes  disappear  after  a  few  weeks, 
them  one  can  assume  that  it  was  a  case  of 
grippe. 

C.-Mvip,  O.  DE  LA.  Radiation  Treatment  of 
Tuberculosis.  Med.  Klin.,  1921,  No.  48. 
The  author  emphasizes  the  importance  of 
light  for  the  life  of  plants  and  animals,  and 
recalls  the  light  cults  of  the  old  nature  religions, 
the  helioses  of  the  Greeks,  the  solaria  of  the 
Romans,  and  the  sun-cure  mountains  of 
the  ancient  Germans.  The  biological  effect  of 
the  administration  of  light  rests  mainly  in  the 
skin.  The  action  of  the  pigment  is  that  of  a 
protector  against  light,  a  sensitizer,  and  trans- 
former of  light  energj^,  but  also  as  an  accumula- 
tor of  heat  and  a  regulator  of  transpirations. 
In  the  blood,  the  effect  of  light  is  shown  in  the 
increase  of  the  function  of  hemoglobin,  of  the 
oxidizing  processes  and  in  lymphocytosis. 
Metabolism  is  increased  bjr  the  effect  of  light, 
respiration  becomes  slower  and  deeper.  Roent- 
gen and  radium  irradiation  cause,  in  general, 
the  same  biological  effects.  They  penetrate, 
however,  more  deeply  and  have  a  varying  effect 
on  the  different  tissues,  the  normal  as  well  as 
the  pathological.  In  the  battle  with  tuberculosis, 
radiotherapy  attempts  to  assist  the  body.  At  all 
events,  it  must  never  do  harm.  Functional 
stimulation  of  tissue  may,  in  general,  be  con- 
sidered a  process  of  healing,  but  the  transition 


from  the  destruction  of  tuberculous  tissue  to 
the  stimulation  of  the  connective  tissue  is  in  a 
state  of  flux.  For  that  reason,  it  is  wrong  to  speak 
of  a  uniform  tuberculosis  dose.  While  in  tuber- 
culosis of  the  skin,  local  treatment  with  Finsen 
and  Quartz  light  should  be  employed  in 
addition  to  roentgen  and  general  heliotherapy, 
the  more  deeply  situated  tuberculous  lesions 
of  bones,  joints  and  lymph-nodes  are  treated 
more  successfully  with  local  roentgen  and 
radium  radiation  than  with  heliotherapy.  In 
pulmonary  phthisis,  the  roentgen  rays  are 
effective  in  the  non-progressive  and  non- 
destructive, in  the  afebrile  and  not  in  the  pneu- 
monic and  exudative  forms;  but  the  cooperation 
of  all  these  curative  measures  is  necessary.  In 
conclusion,  the  author  emphasizes  the  value  of 
prophylaxis,  of  the  care  of  the  young  in  the 
battle  against  tuberculosis,  and  prays  to  Mother 
Sun  to  aid  us. 

ScHWARZ.  The  Diminution  and  Increase  of 
Radiosensibility  of  Animal  Tissue  and  their 
Importance  for  Radiotherapy.  Milnchen.  med. 
Wcbnscbr.,  1921,  No.  25. 

The  author  demonstrated,  in  1909,  that  skin 
which  has  been  made  anemic  by  pressure  is 
considerably  less  sensitive  to  x-ray  and  radium 
irradiation  than  skin  with  normal  circulation. 
Per  contra,  he  also  reports,  that  by  hyperemia 
or  by  inducing  inflammation,  he  has  been  able 
to  bring  about  more  intensive  effects  of  the 
roentgen  rays,  that  is,  greater  sensibility. 
For  that  reason,  he  considers  as  injurious  too 
large  portals  of  entry  or  too  intensive  doses, 
because  they  cause  injurj'  to  the  blood  and 
disturb  the  production  of  leucocytes.  He,  on 
the  contrary,  wishes  to  produce  a  leucoc^'tosis 
to  facilitate  the  healing  of  tumors.  For  this 
purpose,  one  may  use  diathermy  (Meyer, 
Theilhaber,  Chr.  Miiller).  Meyer  and  Behring 
have  demonstrated  that  testicles  of  guinea- 
pigs  which  have  been  diathcrmized,  have  shown 
aspermia  after  smaller  .v-ray  doses  than  those 
that  have  not  been  diathcrmized.  Weinstein  has 
employed,  in  cases  of  inoperable  carcinoma  of 
the  cervix,  constant  hot  vaginal  douches  in 
conjunction  with  roentgen  treatment.  The 
author  recommends  that  the  early  reaction  of 
the  .v-rays  should  be  utilized,  because,  in  his 
opinion,  they  represent  an  expression  of  the 
destruction  of  lymphocytes  and  tumor  cells 
whose  products  of  disintegration  result  in 
chemotaxic  inflammation.  The  total  dose 
should,  therefore,  be  distributed  over  three 
days.  Furthermore,  the  author  has  attempted 
to  bring  about  specific  inflammatory  reaction 
by  injection  of  products  resulting  from  disinte- 
gration of  tumors,  and  has  seen  several  aston- 
ishingly good  results,  but  also  failures. 
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BoRGGREVES.  Roentgen  Stereoscopy  without 
Expensive  Special  Apparatus.  Milnchen. 
med.  Wchnschr.,  1921,  No.  47. 
Owing  to  the  very  high  cost  of  stereoscopic 
apparatus,  the  author  recommends  the  follow- 
ing simple  method:  Stereoscopic  exposure  is 
made  in  the  usual  manner  by  shifting  the  tube 
7  cm.  for  the  second  plate,  but  the  position  of  the 
patient  and  the  focus-plate  distance  remain 
the  same.  Stereoscopic  examination  is  then 
made  by  placing  one  of  the  exposures  with  the 
fdm  side  against  the  illuminating  box,  the  other 
exposure  with  the  glass  side.  A  very  black 
x-ray  plate  or  a  glass  mirror  which  has  its 
coating  on  the  anterior  surface  is  held  in  a 
sagittal  direction  in  front  of  the  forehead  and 
tip  of  the  nose  of  the  observer.  While  the  right 
eye  sees  the  right  sided  exposure  without  any 
hindrance,  the  dark  plate  or  the  mirror  reflects 
the  left  exposure  in  the  reverse  order;  it  must 
be  held  in  such  a  position  that  the  reflected  image 
and  the  normal  image  overlap  each  other, 
producing  plastic  appearance. 

Werner.  A  Contribution  to  our  Knowledge  of 
the  Generative  Processes  after  Radium  and 
Roentgen  Deep  Therapy.  Miinchen.  med. 
Wchnschr.,  192 1,  No.  25. 

Out  of  1,500  women  treated  by  radiation 
for  metrorrhagia  or  myomata,  17  became 
pregnant,  several  of  them  repeatedly,  so  that 
altogether,  24  cases  of  pregnancy  after  irradia- 
tion were  observed.  There  were  9  abortions 
(3  of  these  were  unquestionably  induced),  14 
normal  births,  and  one  total  extirpation  of  the 
uterus  on  account  of  myoma.  Six  women,  who 
for  many  months  had  become  amenorrheic 
owing  to  irradiation,  became  pregnant  again; 
in  the  other  cases  there  resulted  only  oligo- 
menorrhea. Of  the  14  children  born  alive,  4 
died,  one  immediately  after  birth,  3  at  the  age 
of  one  year  from  pneumonia  or  measles. 
The  other  children  were  under  permanent 
observation.  Of  these,  3,  which  are  now  6  or  8 
years  old,  are  16  per  cent  below  the  normal  in 
weight  and  8  per  cent  below  the  normal  in 
height.  Two  other  cases  were  irradiated 
during  pregnancy;  in  the  first  case,  4  roentgen 
irradiations  were  given;  the  child  is  normally 
developed;  in  the  other  case,  there  have  been  4 
treatments  intravaginally  with  30  to  50  mg. 
radium  bromide,  each  treatment  lastingtwenty- 
four  hours.  The  child,  which  was  born  at  term, 
weighed  only  2  kg.  and  was  lacking  in  fat;  its 
skin  was  pale  yellow;  it  is  now  three  years  old; 
in  height  and  weight  it  corresponds  to  two 
years,  but  is  otherwise  healthy.  Irradiation  of 
the  ovum  or  of  the  embryo  may,  tiiercfore, 
cause  iniur>   whicii,  iiowcvcr,  can  be  followed 


by   extensive    improvement    in  the   course   of 
later  development. 

Foerster.  Clinical  and  Roentgenological 
Observations  in  Cases  of  Duodenal  Adhe- 
sions. Mitt.  a.d.  Grenzgeb.  d.  .\Ied.  u.  Chir., 
1920,  xxxii.  Heft  5. 

Nine  cases  showed  by  histor\',  clinical  and 
roentgenological  observations,  symptoms  which 
pointed  to  duodenal  ulcer.  The  roentgen  exami- 
nation revealed  always  very  active  peristalsis. 
The  duodenal  bulb,  in  most  cases,  was  very  much 
distended;  in  7  cases  it  showed  marked  residue 
after  six  hrs.  It  must  also  be  noted  that  out  of 
these  7  cases,  5  showed  also  a  small  residue  in 
the  stomach.  Marked  displacement  of  the  first 
portion  of  the  duodenum  to  the  right  and  up- 
ward was  frequently  present.  In  most  instances, 
the  contour  of  the  bulb  was  ill-defined  and 
showed  distinct  bulging,  twice  even  after 
direct  filling  through  the  duodenal  feeding  tube. 
All  9  cases  were  operated  upon,  but  in  none  was  a 
definite  duodenal  ulcer  found,  though  in  all 
there  were  fairly  marked  adhesions  around 
the  duodenum.  The  persistent  shadows  in  the 
duodenum  which  had  the  appearance  of  niches 
were  found  to  be  projections  in  the  wall.  This 
leads  the  author  to  conclude  that  inasmuch  as 
the  entire  symptom  complex  suggests  duodenal 
ulcer,  the  symptoms  mentioned  in  literature 
as  suggestive  of  duodenal  ulcer,  may  be  caused 
entirely  by  adhesive  processes.  Only  2  of  the 
cases  showed  primary  ulcer;  one  had  hemor- 
rhages several  years  before;  in  the  other  case 
an  old  scar  was  found  at  autopsy.  For  this 
reason,  the  author  leaves  open  the  question  as 
to  whether  the  adhesions  are  caused  bj-  pri- 
mary processes  in  the  duodenum  or  by  inflam- 
matory processes  of  the  neighboring  viscera,  for 
instance,  the  gall-bladder.  Medical  treatment 
was  practically  without  result,  but  surgical 
procedure  also  failed  to  produce  any  lasting 
cure.  Four  cases  examined  after  operation  very 
soon  showed  new  adhesions  and  presented  old 
symptoms. 

Karshner,    Roli_\    G.    X-ray    of  the  Heart. 

"Southwest"  Med.,  Oct.,  1922,  vi,  10,  p.  362. 

This  is  a  very  concise  but  instructive  pre- 
sentation of  the  present  status  of  the  .v-ray 
examination  of  the  heart.  The  author  considers 
cardiac  form,  size  and  motion,  the  aorta,  the 
various  heart  lesions,  the  heart  of  cardiac 
hypertrophy  and  h>-pertension  and  myocar- 
ditis, congenital  lesions  and  neurocirculatory 
asthenia. 

In  myocarditis,  two  types  are  considered: 
Those  without  cardiac  dilatation,  including  the 
senile  type  and  the  arterial  sclerotic  type 
(angina    pectoris);    and    those    with    cardiac 
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dilatation,  including  tlie  end  stage  of  practi- 
cally all  valve  lesions,  the  end  stage  of  nutri- 
tional changes  and  the  end  stage  of  toxic 
changes. 

In  cases  of  the  senile  type,  we  see  compara- 
tively little  enlargement.  The  position  is  trans- 
verse, usually  considerably  obscured  by  the 
dome  of  the  diaphragm.  There  is  an  apparent 
lengthening  of  the  arch  with  a  prominent  upper 
segment  to  the  left.  There  is  a  low  position  of 
the  auriculocaval  junction.  Occasionally  we 
see  associated  senile  emphysema  and  exag- 
gerated bronchovascular  shadows  of  the 
articulated  type. 

In  myocardial  degeneration  with  dilatation 
the  area  is  increased  and  the  outlines  are 
variably  altered.  The  shadow  is  obscured  by  a 
high  diaphragm  and,  not  infrequently,  the 
increased  density  of  adjoining  lower  lobes  of  the 
lungs.  Often  only  enlargement  can  be  deter- 
mined. The  cardiac  movements  are  disor- 
ganized and  lack  in  purpose  and  effectiveness. 

In  myocarditis  due  to  hyperthyroidism  there 
is  moderate  or  no  enlargement,  the  heart 
is  shapeless,  flaccid,  the  pulsations  are  futile, 
the  impulse  is  not  well  sustained,  there  is 
tachycardia  and  generally  a  substernal  goiter. 

Carr,  James  G.,  and  Hanford,  C.  W.  Carci- 
noma of  the  Esophagus  with  Perforation  of 
the  Aorta:  Observations  on  Radium  Therapy. 
Am.  J.  M.  Sc,  Sept.,  1922,  clxiv,  3,  p.  340. 
Since  the  publication  of  Knaut,  in  1896,  21 
cases  of  esophageal  carcinoma  with  perforation 
of  the  aorta  or  other  large  vessels  have  been 
reported.  Another  case  is  added  by  the  authors. 
Autopsy  findings  in  the  case  here  reported 
disclosed  certain  deficiencies  in  the  application 
of  radium  therapy.  Suggestions  are  made  for 
more  effective  technique. 

Fluoroscopic  control  does  not  necessarily 
mean  treatment  of  the  entire  tumor.  Under 
fluoroscopic  control  accurate  measurements 
must  be  made  as  to  the  location  of  the  tumor 
and  Its  length.  It  is  not  enough  to  insert  the 
radium  from  above.  Until  the  tumor,  for  its 
entire  length,  is  permeable  to  a  sufficient  degree 
to  admit  the  capsule,  so  that  the  capsule  may 
be  passed  the  entire  length  and  redrawn  into 
the  area,  to  be  located  at  different  levels,  we 
cannot  feel  that  our  technique  is  directed  to  the 
treatment  of  the  accessible  growth  in  its 
entirety. 

Campbell,  Don  M.,  Carter,  John  M.,  and 
DouB,  Howard  P.  Roentgen  Ray  Studies 
of   the    Nasolacrymal    Passageways.    Arch. 
Opbtb.,  Sept.,  1922,  li,  5,  p.  462. 
By  x-ray  studies  the  authors  have  been  able 

to  demonstrate  on  the  living  subject: 


1.  That  the  nasolacrymal  duct  and  sac  may 
have  a  side-to-side  joining. 

2.  The  passageways  on  one  side  may  be  very 
malformed  and  irregular  in  their  course,  while 
those  draining  the  opposite  eye  may  be  regular 
in  contour. 

3.  The  passageways  in  the  black  race  are, 
as  a  rule,  much  wider  and  more  regular  in  out- 
line than  are  found  in  the  white  race. 

4.  The  lacrymal  sac  may,  as  the  result  of 
infection  and  obstruction,  be  extremely  dilated, 
or  again,  it  may  be  very  small  and  contracted, 
and  also,  there  may  be  fistulae  leading  from  the 
sac. 

5.  By  the  method  herein  described  it  is 
possible  easily  to  demonstrate  the  position 
which  the  lacrymal  passageways  occupy  rela- 
tive to  the  middle  turbinate. 

It  would  seem  that  we  are  justified  in  con- 
cluding that  satisfactory  x-ray  data  on  the  naso- 
lacrymal passageways,  showing  the  point  of 
obstruction,  the  size  of  the  sac,  and  its  position 
relative  to  the  intranasal  structures  is  of  prac- 
tical value  in  that  it  allows  us  to  make  more 
accurate  diagnoses,  and  to  plan  our  relief  with 
greater  precision. 
Quick,    Douglas,    and   Johnson,    Fred   M- 

Cancer  of  the  Larynx  Treated  by  Radium- 

N.  York  State  J.  A/.,  Oct.,  1922,  xxii,  10,  p. 

462. 

This  report  of  experience  at  the  Memorial 
Hospital,  New  York,  must  be  regarded  as 
incomplete  experimental  evidence.  Neverthe- 
less, results  to  date  give  definite  proof  of  the 
\alue  of  radium  in  these  cases.  Technique  has 
changed  so  radically  in  late  years  that,  in 
comparable  cases,  the  work  of  today  cannot  be 
compared  with  that  of  one,  two,  or  five  years 
ago,  and  the  literature  gives  very  few  data 
of  value. 

A  considerable  percentage  of  intrinsic  growths 
are  inoperable  when  seen  by  the  laryngeal 
surgeon.  In  applying  radium  to  a  laryngeal 
growth,  certain  difficulties  arise  which  are  not 
met  with  in  other  parts  of  the  body.  If  effi- 
ciently applied,  radium  creates  a  sharp  inflam- 
matory reaction  of  several  weeks'  duration, 
and,  in  the  cases  under  discussion,  this  reaction 
is  just  at  the  vantage  pointof  two  body  systems. 
It  often  interferes  with  both  swallowing  and 
breathing.  Hence  the  danger  of  impairment  of 
the  patient's  general  health,  which  is  usually 
already  undermined.  It  is  impossible  to  put  the 
treated  part  at  rest,  and  consequently  the  factor 
of  mechanical  irritation  is  added.  It  is  verj- 
frequently  impossible  accurately  to  determine 
the  extent  of  the  disease  in  these  cases.  Vision 
alone  is  not  sufficient  aid  in  satisfactorily 
examining  a  malignant  growth.  Palpation,  to 
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determine  tiie  dcptii  ol  neoplastic  infiltration, 
is  most  important;  but,  except  for  a  few  extrin- 
sic lesions,  this  is  impossible  in  laryngeal  work. 

The  inllammatory  reaction  causes  pain, 
and  may  interfere  with  swallowing  and  breath- 
ing as  a  result  of  edema.  In  bulky  extrinsic 
growths,  sloughing  and  hemorrhage  must  be 
reckoned  with.  A  tracheotomy  may  be  neces- 
sary before  beginning  treatment,  or  may 
become  imperative.  If  only  palliative  relief 
can  be  hoped  for,  then  the  patient's  physical 
comfort  demands  first  consideration. 

If  a  pack  of  sufficient  amount  of  radium  is 
not  available  for  external  application,  then 
efficient  .v-radiation  should  be  used  as  a  second 
choice.  The  authors,  however,  prefer  heavily 
filtered  radium  applied  over  both  sides  of  the 
neck  directly  toward  the  primary  growth. 
For  external  treatment,  the  greatest  advance 
has  been  through  the  introduction  of  radium 
emanation  tubes  directly  into  the  growth 
through  fine  trocar  needles  under  local  anes- 
thesia. There  is  some  danger  from  introducing 
mixed  infection  deeper  into  the  tissues;  but 
this  is  slight,  especially  if  care  be  taken  to  avoid 
introducing  through  ulcerating  surfaces.  The 
glass  emanation  tubes  have  not  given  any 
trouble  as  foreign  bodies,  being  either  expelled 
or  expectorated  with  minute  particles  of  slough, 
later  on,  or  buried  in  scar  tissue.  Tubes  of  small 
individual  values  should  be  used,  approxima- 
ting I  mc.  each.  In  selected  cases  of  localized, 
relatively  superficial  growths  a  small  glass  bulb, 
6  to  8  mm.  in  diameter  and  containing  500  or 
600  mc.  of  emanation,  is  applied,  mounted  in  a 
protecting  metal  cone  with  paraffin.  A  few 
minutes  of  this  unfiltered  irradiation  is 
sufficient. 

Surgery  has  been  combined  with  irradiation 
wherever  it  seemed  reasonable,  particularly 
laryngofissure  as  a  means  of  more  accurately 
exposing  deeply  infiltrating  growths. 

A  long  series  of  valuable  statistics  is  given. 
The  authors  conclude  that,  while  the  treatment 
of  primary,  operable,  intrinsic  cancer  of  the 
larnyx  is  permissible,  we  have  no  evidence  thus 
far  to  justify  advocating  it  as  the  agent  of 
choice.  The  authors  believe  that  the  pre-opera- 
tivc  use  of  radium  in  operable  cases  adds 
materially  to  the  end-result.  Radium  should 
be    withheld    in    the    very    advanced    cases. 

Glass.  Development  of  X-ray  Plates  in  Bright 
Light  (Safranine  Method).  Deutsche  Med. 
Wcbnschr.,  1921,  No.  34. 

Previous  attempts  to  develop  roentgen  plates 
in  bright  light  were  not  successful,  because, 
either  the  plates  were  fogged,  or  they  could  not 
be  removed  from  the  developer  for  observation. 


Liippo-Cramer  reported  a  new  method  of  devel- 
opment in  a  pamphlet  entitled  "Development 
of  Negatives  in  Bright  Light  (Safranine 
Method)."  The  author  has  tested  this  method 
and  recommends  very  strongly  its  employment. 
The  principle  is  that  by  immersion  of  the 
exposed  plate  in  a  solution  a  phenosafranine 
before  developing,  or  bj-  the  addition  of  this 
solution  to  the  developer  itself,  the  plate,  which 
has  hitherto  been  sensitive  to  light,  becomes 
desensitized  so  that  bright  yellow  light  or 
candle  light  cannot  harm  it  any  more.  The 
following  is  the  method  of  procedure:  10  cm.  of 
a  stock  solution  of  phenosafranine  i :  2,000  are 
added  to  each  100  cu.  cm.  of  developing  solution ; 
the  plate  is  immersed  for  one  minute  in  this 
solution,  and  can  then  be  developed  under  the 
yellow  or  candle  light.  The  other  method  is  to 
bathe  the  plate  under  red  light  for  one  minute 
in  a  phenosafranine  solution  of  0.05  per  cent, 
and  to  develop  the  plate  in  bright  light  in  the 
ordinary  solution,  the  plate  must  then  be  thor- 
oughly rinsed  before  developing.  The  author's 
tests  have  shown  that  a  perfect  negative,  free 
from  fog,  can  be  obtained,  if  the  plates  arc 
treated  with  phenosafranine  before  the  exposure 
is  made,  or  after  the  exposure  but  immediately 
before  developing.  With  glycin,  developing 
becomes  somewhat  slower,  owing  to  the  impreg- 
nation of  the  emulsion  with  safranine.  As  a 
source  of  light,  he  employs  a  32  candle-power 
electric  bulb  filtered  through  a  tartracin  gelatin 
film.  The  advantage  of  this  method,  according 
to  the  author,  rests  in  the  fact  that  the  nega- 
tive can  be  judged  at  the  beginning  of  the 
development. 

BoTTNER.  Roentgen  Therapy  of  Polyc\-themia 
with  Special  Consideration  of  the  Question 
of   Cure.    Deutsche    med.    Wcbnschr.,    1921, 

No.  27. 

In  a  previous  communication,  the  author 
reported  the  cure  of  a  patient  with  pronounced 
polycythemia  (enlarged  spleen,  typical  changes 
of  the  skin  and  of  the  mucous  membranes,  145 
per  cent  hemoglobin,  9,800,000  red  cells).  The 
successful  result  of  the  irradiation  so  far  has 
lasted  for  one  and  a  half  years.  In  2  further 
cases  of  polycythemia,  the  roentgen  deep  the- 
rapy of  the  bones  and  of  the  spleen  did  produce 
a  return  of  the  red  cells  to  normal,  but  did  not 
bring  about  a  cure,  as  in  the  previous  case.  There 
is  no  cure,  if,  after  a  cessation  of  the  increase 
in  red  cells,  the  normal  erythrolysis  does  not 
suffice  to  cause  their  diminution.  Roentgen 
irradiation  then  has  no  curative,  but  merely  a 
symptomatic  effect.  It  is  possible  that  the 
blood-vessels  which  have  acquired  a  compen- 
satorv  dilatation  have,  in  the  course  of  years. 


Translations  and  Abstracts 


85 


lost  the  ability  to  return  to  normal  and  cause  a 
compensatory  increase  in  erythrocytes.  At  all 
events,  the  author  beheves  that  the  optimism 
regarding  roentgen  therapy  in  polycythemia  is 
not  justified,  inasmuch  as  in  several  cases  the 
roentgen  rays  have  only  a  symptomatic  effect. 

KoHLER.  FA'-ray  Treatment  of  'Pathological 
Fractures.  Deutsche  med.  Wchnschr.,  1921 
No.  26. 

In  the  case  of  an  elderly  woman  who  had  a 
pathological  fracture  of  the  femur  due  to  metas- 
tatic carcinoma  from  the  breast,  the  fracture 
was  treated  with  small  doses  of  x-ray.  The  frac- 
ture healed,  but  the  tumor  continued  to  grow 
rapidly.  This  goes  to  show  that  small  stimu- 
lating doses  cause  growth,  not  only  of  the  osteo- 
blasts, but  also  of  the  tumor  cells.  Thereupon, 
2  similar  cases  were  treated  with  large  doses. 
Technique:  Large  distant  fields,  two  portals  of 
entry,  18  by  14  cm.,  50  cm.  focus-skin  distance, 
one  skin  unit  dose  each,  0.5  mm.  zinc  filter  and 
3.0  mm.  AI.  filter.  Inasmuch  as  the  surface  of 
the  upper  arm  is  too  small  for  the  large  distance 
field  irradiation,  it  was  wrapped  in  moist  cellu- 
lose in  a  manner  similar  to  that  which  Jiingling 
has  described  for  bolus  alba.  In  both  cases  the 
result  was  sclerosis  of  the  bone  and  healing 
of  the  tumor  by  ossification.  Cachexia  ceased; 
after  several  months  the  patients  who  formerly 
had  been  very  cachectic,  gained  a  perfectly 
healthy  appearance.  In  one  case  there  was 
metastatic  carcinoma  of  the  neck  of  the  femur, 
in  the  other  case  metastatic  sarcoma  in  the 
head  of  the  humerus  with  numerous  pulmonary 
metastases. 

Basch.  Roentgen  Irradiation  of  Inflamed  Sweat 
Glands  in  the  Axilla.  Deutsche  med.  ]]'chnschr., 
1921,  No.  31. 

Sebaceous  and  sweat-glands  are  extremely 
radiosensitive  organs  of  the  skin  which  undergo 
degenerative  changes  after  weak  irradiations 
and  atrophy  after  strong  irradiations.  In  most 
cases,  the  effect  of  the  irradiation  is  shown  after 
a  few  hours  in  the  remission  of  pain,  followed 
soon  by  the  retrogression  of  the  infiltrations  or 
of  the  abscesses.  In  large  abscesses  the  puncture 
incision  is  sufficient  to  bring  about  a  cure.  The 
author  employs  In  every  stage  of  the  disease 
hard  radiation  filtered  through  4.0  mm.  and 
administers  15X  =  iH  S.N.  If  after  ten  days, 
infiltration  rests  are  still  present,  the  same  dose 
of  radiation  is  applied  again.  The  author 
considers  in  these  cases,  roentgen  treatment  as 
the  therapy  of  choice,  since,  in  a  simple  manner  It 
produces  healing  of  the  disease  by  attacking  the 


cause.  He  obtains  this  result  In  a  much  shorter 
time   than   by   other   methods   of  treatment. 

Lexer.   Treatment  of  Surgical   Tuberculosis. 
Deutsche    med.    Wchnschr.,     1921,    No.    29. 

Surgical  treatment  of  localized  tuberculosis 
must  be  thorough;  the  author  warns  against 
insufficient  procedure.  There  are  frequently 
presented  for  treatment,  cases  which  have  been 
protracted  too  long  under  conservative  treat- 
ment or  have  been  made  worse  by  Insufficient 
surgical  procedure.  Synovial  articular  tubercu- 
losis should  be  operated  upon,  if  the  tuberculous 
granulations  become  purulent.  If  pathological 
articulations  occur,  or  when  fistulae  may  cause 
putrid  or  general  Infection.  In  cases  of  articular 
tuberculosis  affecting  the  bones,  conservative 
treatment  should  be  attempted  only  In  children. 
Lexer  operates  upon  every  case  of  bone  tubei  cu- 
losis,  if  sequestra  which  are  easily  within  reach, 
continue  to  cause  abscess  formation.  In  more 
deeply  situated  foci  he  employs  the  old  method 
of  treating  the  abscess  by  puncture  and  Injec- 
tion of  iodoform-glycerln.  In  cases  of  tubercu- 
lous spondylitis,  he  incises  abscesses  only  when 
they  arise  from  a  vertebral  arch  whose  diseased 
portions  can  be  removed,  or  when  compression 
myelitis  does  not  recede  under  traction.  The 
author  does  not  employ  Albee's  operation. 
Large  tuberculous  lymph-nodes,  which  are  not 
adherent  to  the  surrounding  tissues,  are  cured 
by  operation  and  postoperative  radiation.  As 
the  principal  means  of  conservative  treatment, 
the  author  mentions  sun  baths  at  high  altitudes 
and  roentgen  therapy;  but  even  in  the  lowlands, 
sun  treatment  can  produce  good  results  and 
should  in  the  winter  be  replaced  by  "artificial 
altitude  sun."  Roentgen  irradiations  cause 
tuberculous  granulations  to  shrink  and  to  form 
scars,  and  stimulate  periosteal  new  bone  forma- 
tion in  bony  tuberculous  foci.  In  cases  of  tuber- 
culosis of  tile  vertebrae,  the  roentgen  rays  \yill, 
in  a  few  months,  produce  complete  rigidity. 
The  pressure  pain  disappears  immediately.  On 
the  average,  six  months  are  required  to  produce 
complete  rigidity  of  the  spine.  In  cases  of  arti- 
cular tuberculosis,  especially  in  children,  not 
only  cure,  but  also  mobility  of  the  joints  is 
produced.  In  cases  of  bone  tuberculosis,  the 
short  tubular  bones  react  particularly  well.  In 
such  cases.  Lexer  had  remarkable  results  in 
children.  In  adults,  irradiation  of  larger  foci  In 
the  sponglosa  and  in  the  bone  marrow  was 
completely  Ineffectual.  The  determination  of 
the  correct  dosage  of  roentgen  rays  is  not  easy, 
even  for  experienced  roentgenologists.  \\  ith  too 
large  doses,  scar  formation  does  not  occur,  but 
there  is  a  purulent  breaking  down  of  the  granu- 
lation tissue.  Tuberculous  lymph-nodes  should 
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be  treated  experimentally  by  stimulating  doses, 
so  as  to  cause  tiieir  disappearance.  If  the  en- 
larged nodes  adhere  to  one  another  by  periadeni- 
tis, diminution  bj'  scar  formation  cannot  be 
expected,  because  we  are  dealing  here  with 
encapsulated  large  caseous  masses.  By  larger 
doses  such  nodes  can  quickly  be  made  to  form 
abscesses.  Abscesses  should  be  evacuated  by 
puncture  before  irradiation.  lodoform-glycerin 
should  not  be  injected  as  long  as  the  patient 
is  under  treatment.  (Haenisch  of  Hamburg  saw 
in  2  cases  of  abscess  of  the  nodes  which  were  on 
the  point  of  rupture,  extensive  ulcerations, 
w  hich,  however,  gave  no  sign  of  roentgen  ulcer, 
and  which  healed  with  the  formation  of  granu- 
lation tissue.  He  emphatically  warns  agamst 
irradiation  in  cases  in  which  the  skin  over  the 
abscess  has  already  become  thinned  out  by 
the  inflammatory  process.  After  rupture  has 
occurred,  small  dose  radiation  is  indicated. 
Note  of  the  Reviewer.) 

Lasch.  The  Effect  of  Artificial  High  Altitude 
Sun  on  Metabolism  (Alpine  Lamp).  Deutsche 
med.  Wchnschr.,  1921,  No.  36. 

As  a  result  of  his  experiments  in  metabolism, 
the  author  found  that  the  rays  of  artificial  high- 
altitude  sun  produced  in  rachitic  children  a  very 
markedly  increased  retention  of  calcium  and 
phosphorus,  and  that  this  increase  continued 
for  some  time  after  the  process  of  healing  had 
terminated  clinically.  Particularly  remarkable 
was  the  rapidity  of  onset  of  this  effect  of  the 
artificial  high-altitude  sun.  He  concludes  that  in 
rachitis  the  process  is  one  of  disturbance 
of  the  intermediary  metabolism.  A  similar 
effect,  with  equal  rapidity  of  onset,  was  observed 
by  Schabad,  some  time  ago,  in  his  experiments 
on  metabolism  with  cod  liver  oil. 


Rauschburg.  Two  Cases  of  Hypophyseal 
Dystrophia  Adiposogenitalis  and  Their 
Treatment  by  Means  of  the  Roentgen  Rays. 
Deutsche  med.  Wchnschr.,  192 1,  No.  43. 
Two  patients  with  adipose  dystrophy  and 
with  tumors  of  the  sella  turcica  were  treated 
with  roentgen  rays  because  of  the  presence  of 
very  severe  manifestations  of  brain  symptoms. 
After  several  months,  there  was  marked 
improvement,  which  lasted  during  the  nine 
months  of  observation.  In  the  first  case,  which 
was  that  of  a  nineteen  year-old  student,  there 
were,  in  addition  to  the  symptoms  of  adipose 
dystrophy,  severe  changes  in  the  region  of  the 
sella,  diminution  of  vision  as  the  result  of 
increasing  papillitis,  attacks  of  vertigo  and 
intolerable  headaches.  Four  months  after 
irradiation  the  manifestations  referable  to  the 
tumor  had  disappeared,  and  after  nine  months 
the  condition  of  the  patients  was  very  satis- 
factory; the  choked  disc  had  been  cured,  leaving 
no  defect;  the  childish  mental  state  had  dis- 
appeared; the  mental  facilities  had  been 
considerably  improved.  In  the  second  case, 
that  of  a  fifty  year-old  woman,  there  was  total 
blindness,  enlargement  of  the  sella,  nausea, 
insomnia,  mental  depression  and  loss  of  interest. 
Ten  days  after  the  first  irradiation,  vision 
improved,  and  the  power  of  vision  rose  gradu- 
ally to  ?io-  After  a  few  months,  the  patient  felt 
absolutely  well  physically  as  well  as  mentally. 
There  were  three  irradiations.  The  examination 
nine  months  after  the  treatment  showed  that 
the  condition  was  still  as  favorable,  without  the 
slightest  change  for  the  worse.  In  both  cases, 
the  repeated  intensive  irradiations  had  destroyed 
the  tumor  tissue,  but  at  the  same  time  had  no 
injurious  effect  upon  the  psychological  and 
other  functions  of  the  brain. 
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STUDIES  OF  THE  MECHANISM  OE  MOVEMENT  OF  THE 
MUCOUS  MEMBRANE  OF  THE  DIGESTIVE  TRACT* 

BY    GOSTA    FORSSELL,    M.D. 

STOCKHOLM,    SWEDEN 


''I^HE  folds  of  the  mucous  membrane  of 
J-  the  stomach  are  generally  supposed 
to  be  caused  by  a  passive  folding-in,  as  a 
consequence  of  the  contraction  of  the 
muscular  coat  (muscularis  propria).  The 
origin  of  some  of  the  folds  of  the  mucous 
membrane  of  the  intestines  is  explained 
in  this  manner;  other  folds  are  supposed 
to   be    permanent    anatomical    structures. 

I  have  proved  that  this  pre\ailmg 
opinion  is  not  correct,  the  folds  of  the 
mucous  membrane  of  the  alimentary  canal 
being  formed  by  acti\"e  movements  of  the 
mucous  membrane  itself. 

By  pictures  of  anatomical  preparations, 
series  of  roentgenograms  and  photographs 
of  the  digestive  tract  of  living  beings,  I 
shall  attempt  to  show  how  I  arrived  at 
this  opinion,  which  differs  from  the  pre- 
N'ailing  view. 

Figure  i  shows  the  surface  of  the  mucous 
membrane  of  a  normal  stomach.  The 
stomach  is  cut  in  the  curvatura  major  and 
opened,  showing  a  surface  of  the  same 
width  on  both  sides  of  the  curvatura  minor. 
The  mucous  membrane  of  the  posterior 
and  anterior  walls  of  the  stomach  shows, 
notwithstanding,  a  relief  of  a  totally 
different  type. 

To  the  left  of  the  curvatura  minor  there 
are  high  folds  with  close  transverse  folds, 
while  to  the  right  there  are  only  a  small 
number  of  low  folds.  The  surface  of  the 
mucous  membrane  between  these  low  folds 


shows  a  fine  mammillated  surface,  the 
so-called  etat  mamelonne.  By  compar- 
ing the  areas  of  the  anterior  surface 
with  the  corresponding  areas  of  the  pos- 


Fic.    I.  The  mucous  membrane  of  a  normal  stomach. 

tenor  surface,  the  difference  will  be  found 
striking. 

In  Figure  2,  you  will  be  able  to  ascertain 
how  the  relief  of  the  mucous  membrane 
in  one  and  the  same  stomach  is  not  only 
essentiallv  unlike  in  the  areas  with  about 


'  Read  by  title  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Soc[Ety,  Los  Angeles,  Calif.,  September 

i2-r6. 1922. 
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Fic.   2.    Photos  of  the  mucous  membranes  of  three   human  stomachs  reproduced   in  the  author's  work,   Uber 
die  Beziehung  dcr  Rontgenbilder  des  mcnschhchen  Magcns  zu  seinem  anatomischen  Bau.     Hamburg,  1913. 


r 


Q) 


I-IG.   3.  Two  roentgenograms  of  a  normal  stomach  made  at  a  one-minute  inter\al. 
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the    same    width    of   muscular    coat,    but  is  then  contracted  through  the  building  of 

that  different  stomachs  show  \ery  different  a  Icind  of  mammiliated  surface.  Thus  arises 

reliefs  of  the  mucous  membrane  in  corre-  the  so-called  etat  7namelonne  (mammiliated 

spending  areas  with  about  the  same  con-  state)  which  is  a  form  of  contraction  of  the 

traction  of  the  muscular  coat.  mucous  membrane. 


Fig.  4.  A  series  of  four  roentgenograms  of  a  limited  area  of  the  corpus  ventriculi  showing 
the  mucous  membrane,  made  at  one-haif  minute  intervals. 


In  all  these  stomachs,  shown  in  Figure  Many  pictures  of  the  same  kind  caused 

2,   it   can   be   observed   that   the   mucous  me   to  doubt  the   correctness   of  the  old 

membrane,    even    in    very    strongly    con-  explanation  of  the  origin  of  the  folds  of 

tracted   areas    (for   instance,    in   the   area  the  mucous  membrane.  It  seemed  to  rne 

of   the   sinus  in   Figure    i)    can  maintain  unlikely   that    a  purely  passive  folding-in 

a  foldless  surface.  The  mucous  membrane  of  the  mucous   membrane  could  produce 
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so  different  a  folding  of  the  mucous  mem- 
brane with  an  apparently  similar  contrac- 
tion of  the  underlying  muscular  coat.  The 
thought  arose  then,  that  possibly  the 
relief  of  the  mucous  membrane  was  formed 
independently  of  the  contraction  of  the 
muscular  coat  through  independent  and 
appropriate  movements  of  the  mucous 
membrane  itself;  that  therefore,  the  relief 
of  the  mucous  membrane,  as  it  was  shown 
on  the  anatomical  preparations,  and  in  the 
roentgenograms,  represented  a  phase  ot  a 
state  of  movement. 

Hence,  my  attention  was  directed  to- 
wards the  attempt  to  observe  movements 
of  the  contours  of  the  mucous  membrane; 
and,  in  19 12,  I  succeeded  with  the  help 
of  radioscopy  to  observe  movements  of  the 
mucous  membrane  in  the  upper  part  of 
the  stomach.  Later  on  I  succeeded,  with 
the  help  of  improved  technique,  in  demon- 
strating in  a  series  of  roentgenograms  a 
\isible  movement  of  the  folds  of  the 
mucous  membrane. 

Figure  3  shows  two  roentgenograms 
of  a  normal  stomach,  at  an  interval  of 
one  minute,  in  an  unchanged  prone  posi- 
tion. If  one  compares  the  contours  of 
curvatura  major  in  its  upper  half,  where 
the  mucous  membrane  shows  deep  folds, 
one  will  observe  how  the  folds  of  the 
mucous  membrane  changed  their  number 
as  well  as  their  position  and  form,  without 
the  stomach  at  this  point  ha\'ing  \isibly 
changed  its  width. 

Figure  4  shows  a  series  of  four  roentgeno- 
grams of  a  stomach  made  in  the  supine 
position,  at  intervals  of  half  a  minute. 
A  careful  study  will  show  that  the  folds 
of  the  mucous  membrane  have  changed 
form  and  width  in  this  short  time.  Atten- 
tion should  be  directed  to  the  changing 
forms  and  width  of  the  groove  between 
the  two  folds  marked  with  a. 

Figure  5  shows  the  change  of  the  folds 
of  the  mucous  membrane  within  the 
pyloric  canal  (area  a)  on  two  roentgeno- 
grams made  in  the  standing  position  at  an 
interval  of  about  three-ciuarters  of  a 
minute.  The  width  of  the  pyloric  canal  is 
about  the  same  and  the  circular  contraction 
of  the  muscular  coat  is  situated  in  about 
the  same  area  on  the  edge  of  the  pyloric 
canal.  But  the  number,  loini  and  position 


of  the  folds  of  the  mucous  membrane  are 
apparently  different  in  both  roentgeno- 
grams. (P,  pylorus.) 

In  a  state  of  greater  expansion  of  the 
muscular    coat    no    folds    appear    on    the 


Fig.  5.  Two  roentgenograms  showing  the  mucous  folds 
of  a  pyloric  canal,  made  at  an  interval  of  about  lorty- 
five  seconds. 

mucous  membrane.  A  certain  degree  of 
contraction  of  the  muscular  coat  with 
corresponding  diminution  ot  the  cavity 
of  the  stomach  seems,  therefore,  to  be 
necessary  for  a  formation  of  the  folds  on 
the    surface    of    the    mucous    membrane. 
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However,  folds  on  the  mucous  membrane 
appear  synchronously  with  a  moderate 
contraction  of  the  muscular  coat  of  the 
stomach.  Especially  during  the  later  period 
of  digestion,  and,  abo\e  all,  when  in  a 
recumbent  position,  the  lower  part  of  the 
stomach  contracts  to  form  a  channel,  a 
rich  relief  of  the  mucous  membrane 
appearing. 

Figure  6  shows  a  series  of  cross-cut 
pictures  of  the  lumen  of  the  stomach, 
drawn  after  anatomical  preparations.  It 
can  be  seen  how  the  lumen  of  the  stomach 
with  the  same  width  of  the  muscular  coat, 
can  vary  considerably  through  diflerent 
foldings  of  the  mucous  membrane,  with 
regard  to  the  form,  as  well  as  to  the  width, 
of  the  inner  surface  of  the  stomach. 

Through  such  forms  of  contraction  of 
the  mucous  membrane,  which  are  shown  m 
Figure  6 — and  many  other  combinations 
are    further    possible — the    lumen    of   the 


m 


Fig.  6.  A  series  of  cross-cuts   of  the  lumen   of  the 
stomach  drawn  after  anatomical  preparations. 

stomach  may  be  formed  either  as  a  channel 
with  smooth  sides  or  be  divided  into  differ- 
ent canals  or  systems  of  fissures  between 
the  lamellae.  These  may  be  placed  in  ditler- 
ent  ways,  so  that  a  fdtering  or  sorting  of 
the  contents  can  take  place;  or  the  small 
parts  of  the  contents  may  be  covered  with 
a  mucous  membrane  in  small  digestion 
chambers,  in  order  to  be  emptied  into  the 
cavity  in  an  appropriate  state  of  digestion. 


Similar  to  what  has  just  been  stated  in 
regard  to  the  folds  of  the  mucous  mem- 
brane of  the  stomach,  obtains  in  regard 
to  the  folds  of  the  mucous  membrane  of 
the  intestines.  From  the  earliest  times,  the 
point  of  view  has  prevailed  that  the  folds 
of  the  mucous  membrane  are  passive 
structures,  and  the  supposition  was  that 
they  either  originated  through  a  folding- 
m  of  the  mucous  membrane  by  the  con- 
traction of  the  muscular  coat,  or  that  they 
were  permanent  anatomical  structures 
{Dauerjalten).    Even    the   roentgenological 


PclM  i  '.;■  I,  cU\/oaL  1 


Fig.  7.  Two  normal  anatomical  preparations  of  the 
mucous  membrane  of  the  duodenum.  P  =  pylorus. 
B  =  duodenal  bulb. 


literature  is  dominated  by  the  same 
theory.  A  finer  division  of  the  contents  of 
the  intestines,  or  an  increased  width  of 
the  folds,  is  supposed  to  depend  on 
hypertrophy. 

The  laulbus  duodeni  is  described  as 
free  from  folds  of  the  mucous  membrane, 
and  diflerent  anatomical  forms  are  attrib- 
uted  to   the   valvulae  conniventes  of  the 


92    Mechanism  of  Movement  of  the  Mucous  Membrane  of  the  Digestive  Tract 


duodenum  and  the  small  intestines.  All 
thought  of  a  change  of  form  of  the  folds 
of  the  mucous  membrane,  on  account  of  a 
movement  of  their  own,  has  been  com- 
pletely ignored.  But  a  closer  study  of  the 
structure  of  the  relief  of  the  folds  of  the 
mucous  membrane  of  the  intestines  on 
anatomical  preparations  and  on  the  living 
intestines  will  give  rise  to  another  view. 


areas  a  and  d  of  the  lower  preparation, 
it  will  be  noted  that  in  spite  of  the  duo- 
denum having  the  same  outer  width,  area 
a  has  low,  simple  folds,  few  in  number,  and 
a  wide  lumen,  whereas  area  d  has  high, 
complicated,  closely-placed  folds  and  i 
narrow  lumen. 

These  phenomena  are  not  unique,  but 
appear  everywhere  in  well-conserved,  ana- 
tomical preparations  of  the  duodenum. 
The  bulbus  duodeni,  which  until  now  was 
supposed  to  be  free  from  folds,  has  a  very 


Flc.   8.  A  series  ul    Iniir  roentgenograms  of  a   ii..ini;il 
duodenal  bulb. 

Figure  7  shows  two  anatomical  prepara- 
tions (2,  11)  of  the  duodenum  from  pa- 
tients with  normal  intestinal  canals,  who 
died  of  pneumonia.  The  preparations 
represent  the  posterior  half  of  the  entire 
duodenum.  The  stomach  is  cut  away 
through  the  canalis  pylori.  (P,  pylorus; 
B,  bulbus  duodeni.) 

The  upper  preparation  on  the  picture 
shows  a  bulb  with  smooth  mucous  mem- 
brane, as  it  is  generally  described.  In 
the  lower  picture  the  mucous  membrane  in 
the  bulbus  is  deeply  folded  with  cerebral 
gvrus-like  folds.  If  comparisons  are  made 
between  the  diiferent  areas  of  the  same 
duodenum,     for     instance,     between     the 


Fig.  0-  A  series  oF  four  roentgenograms  of  a  normal 
duodenal  bulb  and  the  superior  part  of  the  duodenum, 
made  at  two-minute  intervals. 

changeable  relief  of  the  mucous  membrane, 
similar  to  the  entire  duodenum. 

The  depth  and  form  of  the  relief  of  the 
mucous  membrane  are  not  directly  depend- 
ent on  the  width  of  the  intestines  (degree  of 
contraction)  since  the  most  dissimilar 
reliefs  of  the  mucous  membrane  may 
occur  at  a  certain  width  of  the  intestinal 
canal. 

An  important  question  presents  itself^ 
now:  Are  these  folds  characteristic  of 
individuals  and  eventually  for  locality,  or 
do  they  change  here,  as  in  the  stomach,  in 
the  same  place? 

The  followinu  illustrations  will  soUc  this 
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question:  Figure  8  shows  a  series  of  four 
roentgenograms  of  a  bulbusduodeni,  which, 
in  the  first,  shows  a  quite  smooth  surface 
of  the  mucous  membrane.  In  No.  3, 
small,  typical  folds  of  the  mucous  mem- 
brane appear  on  the  basal  surface  of  the 
bulbus  (a),  and  in  No.  4,  these  small 
folds  have  changed  position,  number  and 
depth.  A  folding  of  the  basal  surface  of  the 
bulbus  has  taken  place  and  the  fold  has 
shown  an  apparent  movement. 


of  the  bulbus  being  partly  filled  with  air, 
partly  with  a  contrast  meal. 

By  comparing  the  areas  marked  with  a 
cross,  it  is  easy  to  observe  the  movement 
of  the  folds  of  the  mucous  membrane, 
which  changed  the  position  and  form 
during  the  intervals  between  the  different 
exposures.  (The  same  bulbus  showed  in 
other  roentgenograms  a  smooth  contour.J 

Figure  1 1  is  a  series  of  roentgenograms 
from  a  patient  with  cancer  of  the  stomach 
deforming  the  duodenal  bulb.  The  pars 
inferior  duodeni  is  here  filled  out,  and  one 
can  sec  \"erv  well  in  the  area  marked  a  the 


Four    roentgenograms    showing    a     normal 
duodenal  bulb. 


Figure  9  shows  a  series  of  four  roent- 
genograms, made  at  intervals  of  two 
minutes,  of  a  bulbus  duodeni  (B)  and  a  pars 
superior  duodeni  (a);  and  it  will  be 
observed  how.  In  all  of  them,  the  contours 
of  the  mucous  membrane  have  apparently 
changed,  altering  position,  form,  direction 
and  height  of  the  folds.  Figure  10  is  a 
new  series  of  four  roentgenograms  in 
which  the  folds  of  the  mucous  membrane 
in  the  bulbus  appear  distinctly,  on  account 


-'u,.  II.  A  series  of  I'our  roentgeniigrams  ul  tlie  folds 
of  the  mucous  membrane  of  the  inferior  part  of  a 
duodenum  made  at  intervals  of  about  forty-five 
seconds. 

change  of  the  number,  position,  form  and 
depth  of  the  folds  of  the  mucous  membrane 
during  the  time  of  the  making  of  the  series 
of  exposures. 

An  objection  might  be  made  to  the  effect 
that  the  fold-like  elevations  in  the  lumen, 
which  appear  in  the  roentgenograms  and 
which  change  form  and  place,  were  not 
caused  by  the  folds  of  the  mucous  mem- 
brane, but  bv  the  contraction  of  the  muscu- 
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lar  CO, 
elevat 
sma 


It,  which  could  possibly  produce  the 
ions  in  question  in  the  lumen  through 
ocal  contraction. 


lorte^u. 


Fig.    12.    A    roentgenogram    of  the   same   anatomical 
preparation  as  in  Figure  7. 

A  glance  at  Figure  12  will  persuade  you 
that  the  folded  contours  in  the  roentgeno- 
grams of  the  li\ing  duodenum  correspond 


^t(n,\a^H' 


<?.VV,-<-^, 


Fig.  1 3.  The  outer  surface  of  the  anatomical  preparation 
of  a  chuideniini  which  is  shown  in  Figures  7  and  1 2. 


shows  the  same  anatomical  preparation 
of  the  duodenum  shown  in  Figure  7  (No.  2 ), 
but  here  the  lumen  is  filled  with  a  con- 
trast meal. 

One  might  be  persuaded  that  the  con- 
tours in  this  roentgenogram  of  the  dead 
mucous  membrane  correspond  entirely 
with  the  outlines  which  in  the  roent- 
genogram of  the  Ii\ing  duodenum  have 
been  interpreted  as  folds  of  the  mucous 
membrane. 

Figure  13  illustrates  the  outer  surface 
of  the  same  preparation,  and  shows  the 
muscular   coat  smooth,  and   without  any 


\\ith  the  iolds  ol  the  mucous  membrane  of 
the    anatomical    preparation 


Figure    12 


Fig.   14.  Anatomical  preparation  of  the  mucous  mem- 
brane from  a  pro.ximal  loop  of  the  jejunum. 

local  constrictions  that  are  capable  of 
causing  the  fine  elevations  in  the  lumen, 
interpreted  as  folds  of  the  mucous  mem- 
brane. 

Figure  14  shows  an  anatomical  prepara- 
tion of  the  surface  of  the  mucous  mem- 
brane from  a  proximal  loop  of  the  jejunum. 
The  folds  are  high  and  close  together  with 
rich,  transversal  folds,  surrounding  numer- 
ous small,  digestive  chambers  that  lead  to  a 
central  lumen.  This  is  the  usual  description 
of  the  jejunum. 

Figure  \j  demonstrates  a  roentgenogram 
of  a  living  intestine  and  shows  a  relief  of 
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the  mucous   membrane,  correspondino;  to 
the  previous  illustration.  The  upper  part  of 


Fig.  15.  Roentgenogram  ul  ;i  ijh.xmh.iI  I.im|.  .iI  ,1  nnmum 
in  a  live  subject,  corrcspundiiig  to  Figure  14. 

the  jejunum  (A)  is  divided  into  numerous 
digestive  chambers,  varying  from  the  size 


beside  the  former.  The  folds  are  of  a  differ- 
ent type — simple,  circular,  and  placed  at 
longer  intervals.  The  folds  form  more  or 
less  disc-like  chambers  which  are  broadly 
connected  through  a  central  lumen.  Figure 
I''  shows  a  corresponding  roentgenogram 
of  a  patient,  in  whom  the  upper  part  of  the 
jejunum  (A)  has  been  speedily  filled  up  by 
a  gastroenteroanastomosis.  To  be  recog- 
nized are  the  same  simple,  circular  folds, 
forming  digestive  chambers  in  the  form  of 
discs.     (V,  stomach.) 


Fig.  16.  Anatomical  preparation  of  tiie  mucous  mem- 
brane on  a  loop  of  the  jejunum  immediately  beside 
the  loop  shown  in  Figure   14. 

of  a  hemp-seed  to  that  of  a  grain  of  rice. 

Figure  i6  shows  the  mucous  membrane 

in    a    loop    of   the    jejunum    immediately 


Fig.    17.   Roentgenogram   of  a   proximal    luop  of  the 
jejunum,  corresponding  to  Figure  16. 

Figure  i8  shows  other  types  of  the 
relief  of  the  mucous  membrane  in  the 
jejunum. 

Special  attention  should  be  paid  to  the 
illustration  marked  with  an  arrow.  The 
folds  lap  over  each  other  similar  to  the  lam- 
ellae of  a  cream  separator;  in  this  case 
they  are  directed  towards  the  flow  of  the 
contents. 

Figure  19  shows  a  roentgenogram  of  a 
corresponding  formation  in  a  living  patient. 

Some  may  think  that  the  folds  of  the 
mucous  membrane,  in  the  various  loops, 
could    have    a    different    structure.    Serial 
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roentgenograms  of  Uving  beings  show, 
however,  that  the  same  loop  of  small 
intestines  can,  in  a  short  time,  entirely 
change  the  relief  of  Its  mucous  membrane. 
Figure  20  shows  two  roentgenograms 
of  a  high  jejunal  loop,  made  at  an  Interval 
of  one  minute.  The  area  marked  a  should 
be  specially  noted. 


Fig.  i8.  A  cross-ciil  of  an  anatmnical  preparation  ol  ,i 
jejunal  loop. 

In  the  upper  Illustration,  there  are  In  this 
area  a  few  wide,  simple  and  deep  folds. 
In  the  lower  one,  the  relief  in  the  same 
area  of  the  mucous  membrane  has  entirely 
changed.  There  arc  now  numerous  close- 
sitting,  small  folds,  dhided  Into  transverse 
folds,  which  divide  the  lumen  Into  hne, 
small  chambers. 

Figure  21  has  two  Illustrations  ot  ileal 
loops,  made  at  an  Interval  of  ten  minutes. 
Special  attention  should  be  paid  to  the 
loops  in  both,  at  point  b-c. 


Fig.   19.  Roentgenogram  of  a  jejunal  loop  in  a  living 
.subject,  corresponding  to  the  lower  figure  in  Figure 


20.    I'wo   rueiUgenograms  of  a   jejunal   loop   in   a 
living  subject  made  at  a  one-minute  interval. 
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Fig.  21.  lu'i  riiciitgi-ii' 


I  an  ilial  loop  made  at  a  ten-minute  interval. 


In  the  right  one,  this  loop  is  divided  into 
fine  digestive  chambers  Ijy  close-sitting, 
fine,  comphcated  folds. 

In  the  left  one,  the  surface  of  the  mucous 
membrane    of    the    same    loop    is    nearly 


will  slowly,  totally  disappear  in  the  lowest 
part  of  the  ileum. 

It  is  true  that  generally  the  ileum  shows 
lower  folds  than  the  jejunum;  but  the 
ileum    can,    in    every   part,    show   a  '  relief 


Fig.  22.  Anatomical  preparation  of  tlic  mucous  membrane  of 


ileal  I 


oop. 


without  folds.  At  the  same  time,  in  this 
illustration,  a  "segmentation"  of  this  loop, 
according  to  Cannon,  can  be  seen. 

According  to  pre\alent  descriptions,  it 
is  said  that  the  folds  of  the  ileum  are 
lower  than  the  folds  of  the  jejunum  and 


of  the  mucous  membrane  quite  as  high 
and  quite  as  complicated  as  the  jejunum. 
Figure  22  shows  a  surface  of  mucous 
membrane  from  the  lower  part  of  the 
ileum,  which  shows  a  very  high  and  com- 
plicated relief  of  the  mucous  membrane, 
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dividing  the  kimen  into  the  finest  digestive 
chambers. 

Figure  23  shows  a  roentgenogram  in 
which  the  terminal  loops  of  ileum  have 
been  filled  by  a  contrast  clyster.  In  spite 
of  their  being  relatively  strongly  dilated, 
these  ileal  loops  (A  and  B  in  the  illustration) 
show  deep  and  close  transverse  folds, 
similar  to  the  folds  of  the  jejunal  loop, 
which  has  been  speedily  (ilied  by  gastro- 
enteroanastomosis.  (C,  cecum;  Fs,  flexura 
sigmoidea;  R,  rectum.) 

Figure  24  is  a  roentgenogram  in  which 
the  terminal  loop  of  the  ileum,  four  hours 
after   a   contrast    meal,  shows    line   longi- 


the  other  side  is  free  from  folds,  and  shows 
on  this  side  segment-contractions  of  the 
muscular  coat. 

According  to  my  opinion,  such  a  forma- 
tion of  the  folds  is  inexplainable  by  only  a 
passi\e  folding-in  of  the  mucous  membrane 
depending  only  on  the  degree  of  contrac- 
tion of  the  muscular  coat.  An  independent 
movement  of  the  mucous  membrane  seems 
to  me  to  be  the  only  possible  explanation. 

Through  good  fortune,  I  ha\'e  been  in  a 
position  to  add  the  final  link  to  the  chain 
of  evidence,   through   direct  observations 


Fig.  23.  Roentgenogram  of  the  terminal  loops  of  ileum 
A  and  B  filled  by  a  contrast  clyster.  C  =  Cecum; 
Fs  =  Flexura    sigmoidea;    R  =  rectum. 

tudinal  folds,  while  the  other  loops  of  the 
ileum  have  the  ordinary  smooth  outlines  of 
the   mucous   membrane.    (C,   cecum.) 

Figure  25  shows  a  number  of  loops  of 
small  intestines,  filled  up  four  hours  after 
a  contrast  meal.  In  this  illustration  there 
are  loops  of  the  same  width,  which  show 
different  forms  of  relief  of  the  mucous 
membrane. 

For  instance,  if  comparison  is  made 
between  loops  a  and  b  which  have  nearly 
the  same  width,  a  is  nearly  without  folds, 
/;  shows  a  deep  and  finely  folded  outline. 
The  conditions  are  the  same  with  g  and  /. 
The  loop  e  shows  on  one  side  a  close 
folding  of  the  mucous  membrane,  but  on 


Fig.  24.   Roentgenogram  of  the  terminal  loop  of  the 
ileum  four  hours  after  a  contrast  meal.  C  =  Cecum. 

on  a  living  mucous  membrane.  A  fifteen- 
year-old  boy,  who  had  an  ileal  fistula, 
came  to  me  for  roentgen  examination. 
He  had  an  exposed  mucous  membrane 
about  3.5  X  4  cm.  in  size.  Immediately 
after  having  taken  away  the  compress, 
I  saw  the  folds  of  the  mucous  membrane 
change  form  and  position,  without  the 
exposed  surface  of  the  intestine  having 
visibly  changed  size  or  form,  and  inde- 
pendent of  the  rhythmical  contractions 
of  the  muscular  coat  that  passed  o\er  the 
muscular  coat  about  eight  in  a  minute. 
I  was  in  a  position  to  take  tweK  e  photo- 
graphs of  the  surface  of  the  mucous 
membrane,  in  one  hour's  time.  Figure 
26  shows  six  of  these  pictures.  A  compari- 
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son  between  these  diilercnt  phases  of 
movement  will,  better  than  words,  illustrate 
the  changing  of  the  relief  of  the  mucous 
membrane. 

Comparison  should  be  made  between 
the  areas  marked  with  a  cross  on  the 
different  pictures.  For  instance,  in  phase 
I,  this  mucous  membrane  area  is  nearly 
without  folds;  in  the  phases  2,  5,  9  and 
10,    it    shows     mostly    transverse     folds. 


Figure  27  shows  a  part  of  the  outer 
surface  of  a  piece  of  flexura  lienalis  and 
the  corresponding  surface  ol  the  mucous 
membrane  from  the  same  preparation. 
A  comparison  between  the  two^  pictures 
will  show  you  that  the  folds  of  the  mucous 
membrane  join  to  form  ridges  which  bend 
into  the  lumen  and  play  an  important  part 
in  the  modeling  of  the  inner  surface  of  a 
contracted  colon. 


Fig.  25.  Loops  of  small  intestines  filled 

changing    in    form    and    position,    and    in 
phase  12,  fine  vertical  folds. 

In  the  colon  the  genuine  folds  of  the 
mucous  membrane  have  aroused  little 
interest,  as  the  plicae  semilunares,  origi- 
nated by  the  contractions  of  the  muscular 
coat,  have  attracted  all  the  attention.  A 
stud}^  of  the  mucous  membrane  in  anatomi- 
cal preparations  hardened  shortly  after 
death,  as  well  as  a  close  study  of  the 
roentgenograms,  show,  however,  that  the 
genuine  folds  of  the  mucous  membrane 
play  a  very  important  part  in  the  forma- 
tion of  the  colonic  lumen. 


up  four  hours  after  a  contrast  meal. 

Figure  28  also  gives  a  clear  idea  of  the 
great  importance  of  the  folds  of  the  mucous 
membrane  in  forming  septa  in  the  colon. 

In  this  picture,  it  is  possible  to  look  into 
the  cavity  of  the  flexura  hepatica,  and 
get  an  idea  of  the  deep,  circular  diaphragm 
which  is  here  formed  by  the  high  folds  of 
the  mucous  membrane. 

Figure  29  shows  three  transversal  sec- 
tions of  a  strongly  contracted  flexura 
sigmoidea.  In  the  upper  picture  a  muscular 
septum,  originated  from  a  transverse  con- 
traction of  the  muscular  coat,  fills  up  the 
lower  half  of  the  lumen.  But,  on  the  other 
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hand,  the  folds  of  the  mucous  membrane  membrane,    take    for    granted    that    the 

fill  up  the  cavity  in  such  a  way  that  it  is  outlines  of  the  roentgenogram,  to  a  great 

possible  to  misconstrue  them  as  a  trans-  degree,   are   defined   by   the   relief  of  the 

verse  section  of  the  jejunum.  mucous  membrane.  For  instance,  the  high 


Examining  an  ordinary  roentgenogram  formed   ele\  ations   (K)   in   the   lumen   are 

of  the  colon,  as   in   Figure  30,  we  must,  caused  by  the  ridges  of  the  mucous  mem- 

with  our  knowledge  of  the  exterior  form  of  brane    bending    into  the  cavity,  and  the 

the  colon  and  of  the  relief  of  the  mucous  smooth,  rounded  form  of  plicae  semilunares 
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(S)  is,  without  doubt,  caused  from  the 
folds  of  the  mucous  membrane  on  the 
crest  of  the  plicae. 

I  was  also  in  a  position  to  obser\e  an 
exposed  surface  of  a  mucous  membrane 
from  the  colon  descendens,  in  a  prolapse 
of  the  colon  in  a  colostomy,  and  could 
thereby  ascertain  that,  in  general,  a  richer 
forming  of  the  folds  appeared  together 
with  an  increased  contraction  of  the  mus- 
cular coat,  but  that  the  mucous  membrane 
even  with  very  high  folding  could  freely 
be  moved  against  the  underlying  muscular 
coat;  that  a  change  of  the  folds  of  the 
mucous    membrane    as    to    the    number. 


parts  has  a  certain  tendency  to  form  con- 
traction-forms, typical  for  each  part.  For 
instance,  the  mucous  membrane  forms  in 
the  lesser  curvature  of  the  stomach;  and 
even  with  the  greatest  shortening,  there 
are  no  transversal  folds,  but  longitudinal 
folds  or  a  mammillated  surface.  The 
ejunum  has  a  greater  tendency  to  form 
I  high  and  complicated  relief  of  mucous 
nembrane  than  the  ileum,  and  the  relief 
of  the  mucous  membrane  in  bulbus  duodeni 
is  of  a  diflerent  type  from  that  of  the  folds 
in  the  other  intestines. 

Where  do  we  then  find  the  motor  forces 
of  the  mucous  membrane? 


Fig.  27a.  The  outer  surface  ol  an 
anatomical  preparation  of  a  part  of 
the  splenic  flexure. 


Fig.  276.  The  mucous  membrane  of  the  same  part 
of  the  splenic  flexure. 


position  and  form  took  place,  independent 
of  the  contraction  of  the  muscular  coat, 
and  that  purely  local  ridges  of  the  mucous 
membrane  have  been  formed  without  a 
corresponding  local  contraction  of  the 
muscular  coat. 

It  should,  therefore,  be  without  doubt 
that  the  folds  of  the  mucous  membrane, 
of  the  colon,  as  well  as  those  of  the  stomach, 
duodenum  and  small  intestines,  are  not 
modeled  by  a  contraction  of  the  muscular 
coat  only,  but  by  autonomous  appropriate 
movements  of  the  mucous  membrane. 

Although  the  relief  of  the  mucous  mem- 
brane can  vary  in  a  high  degree  in  every 
part  of  the  digestive  canal,  it  is  clear,  how- 
ever, that  the  mucous  membrane  in  these 


The  muscular  coat  (muscularis  propria) 
models  the  exterior  form  and  width  of  the 
digestive  tube,  but  has  no  mechanical 
qualifications  for  a  localized  and  individual 
folding  of  the  mucous  membrane,  this 
membrane  being  freely  movable  against 
it.  The  muscularis  mucosae  forms  the 
special  contractible  organ  of  the  mucous 
membrane  which,  being  attached  to  this 
one  and  to  the  submucous  layer,  is  able  to 
displace  the  mucous  membrane  in  all 
directions  by  means  of  trans\ersal,  longitu- 
dinal and  oblique  fibers. 

The  mass  of  the  mucous  membrane,  and, 
consequently,  the  volume  of  its  folds, 
ought  to  be  regulated  by  variation  of  the 
filling  of  the  vessels,  while  number,  posi- 
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FiG._2K.  Anatomical  preparation  of  the  mucous  surface       p,^  Transversal  sections  of  a  strongly  contracted 

of  the  hepatic  flexure.  sigmoid  colon. 


Fig.  30.  Roentnenn^iMiii  .1    iIm    f,  li   |imi     .1   ,1   normal       ^''G.  31.  Roi-iit-.  n.-i  mi  .•!  a  strongly  contracted  sig- 
colcMi  afUT  ioiiir:i',i  inc'al.  moid  colon  lilUil  lj\  a  cmurast  clyster.  SC  =  Sigmoid 

colon. 
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tion  and  form  of  the  folds  are  determined 
by  the  muscular  system  in  the  muscularis 
mucosae. 

The  forming  of  the  high  and  close  folding 
of  the  mucous  membrane  may  occur  more 
easily  with  a  simultaneous  contraction  of 
the  muscular  coat  (membrana  propria), 
but  a  definite  degree  of  contraction  of  the 
muscular  coat  does  not  produce  a  definite 
corresponding  relief  of  the  mucous  mem- 
brane; on  the  contrary,  a  stage  of  contrac- 
tion, producing  a  certain  width  of  the 
muscular  tube,  can  be  associated  with  a 
relief  of  the  mucous  membrane  .varying 
from  an  even  surface  to  a  very  complicated 
folding. 

According  to  the  present  general  opmion 
about  the  anatomical  nature  of  the  folds 
of  the  mucous  membrane,  an  exclusively 
passive  function  is  attributed  to  them,  the 
folds  only  being  supposed  to  have  the 
purpose  of  enlarging  the  digestne  surface 
and  of  preventing  a  too  rapid  flow  of  the 
intestinal  contents.  The  knowledge  that 
the  folds  of  the  mucous  membrane  do  not 
consist  of  passive  structures,  but  represent 
a  momentary  state  of  movement,  must 
apparently  involve  a  new  appreciation  of 
their  function. 

The  whole  rigid  world  of  folds  and 
furrows  becomes  alive  and  proves  to  be 
formed  by  independent  motor  forces  which 
may  be  of  great  importance  for  the 
mechanical  regulation  of  the  digestion. 
It  is  apparent  that  the  complicated  relief 
of  the  intestinal  mucous  membrane  not 
only  forms  a  passi^•e  depository  for  diges- 
tion and  resorption  of  the  food,  but  also 
constitutes    a    mechanism    with   a   subtle 


and  wonderful  organization  for  regulation 
of  the  chemistry  of  the  digestion. 

The  muscular  tube  of  the  digestive 
tract  and  the  special  motor  mechanism 
of  the  mucous  membrane  collaborate  in 
the  mechanism  of  digestion. 

The  movements  of  the  muscular  coat 
determine  the  rough  division  and  the 
large  displacements  of  the  contents  of 
the  stomach  and  the  intestines.  The 
movements  of  the  mucous  membrane 
produce  an  extremely  differentiated  dis- 
tribution and  restraining  of  the  food  in 
digestive  chambers  of  varying  form  and 
size,  and  procure  the  fine  regulation  of 
the  current  by  the  passage  of  the  contents 
in  the  alimentary  canal. 

The  role  that  disturbances  of  the  motor 
mechanism  of  the  mucous  membrane 
may  be  playing  in  the  pathology  of  the 
alimentary  tract  has  not  yet  been  investi- 
gated and  great  difficulties  may  occur  in 
working  out  this  problem. 

At  any  rate,  it  is  necessary,  by  studying 
the  pathology  of  the  alimentary  tract,  and, 
especially,  by  interpreting  the  roentgeno- 
grams of  the  intestines,  to  emphasize 
that  the  relief  of  the  mucous  membrane, 
not  being  a  fixed  structure,  represents  a 
state  of  autonomous  movement. 

Great  experience  and  a  thorough  com- 
parative in\estigation  are  necessary  before 
we  are  able  to  distinguish  the  pathological 
types  of  the  relief  from  the  normal  ones, 
and  to  separate  the  outlines  formed  by 
defects  or  infiltrations  of  the  intestinal 
wall  from  the  relief  of  a  contracted  mucous 
membrane.  Probably  new  fields  will  be 
opened  here  for  medical  research. 


DISCUSSION  ON  PAPERS  OF  DRS.  BARCLAY,  ALVAREZ 

AND  FORSSELL* 


Dr.  Case.  I  feel,  personally,  much  profited 
by  hearing  these  entertaining  and  instructive 
papers.  I  feel  very  incompetent  to  offer  any 
discussion  on  them.  It  is  new  light  so  far  as  I 
am  concerned.  I  am  particularly  interested  in 
Dr.  Alvarez'  work,  because  we  all  have  had  the 
experience  in  doing  fluoroscopy  of  the  chest  and 
of  seeing  fibrillation  and  heart-block  which  are 

•  Papers  read  (those  of  Drs.  Barclay  and  Forssell  by  title)  at 
Ray  Society,  St.  Louis.  Mo..  May  22-23,  1922.  The  paper  by  Dr. 
and  that  by  Dr.  Forssell  precedes  this  discussion. 


observed  so  nicely  on  the  screen.  I  shall  look 
forward  with  a  great  deal  of  interest  to  every 
development  in  this  research. 

It  is  also  very  interesting  to  note  Dr. 
Forssell's  work  concerning  the  mucous  mem- 
brane movements,  which,  in  a  measure,  is 
confirmatory  of  some  observations  brought 
out  by  Cole. 

the  Twenty-third  Annual  Meeting  of  The  A-merican  Roentgen 
Barclay  appeared  in  December,  that  by  Dr.  Alvarez  in  January. 
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We  are  quite  prepared  to  accept  the  proposi- 
tions of  i^oth  of  tiiese  gentlemen  and  shall 
hiok  forward  to  i'urther  interesting  data  along 
this  Hne. 

We  are  indebted  also  to  Dr.  Barclay  for  his 
contribution  to  the  topic  for  this  hour's  dis- 
cussion. I  only  regret  that  our  distinguished 
foreign  essayists  were  not  able  to  be  here  in 
person. 

Dr.  Pirie.  I  think  the  society  is  to  be 
congratulated  on  having  such  a  paper  as  we 
have  listened  to.  It  is  one  of  those  things  which 
we  need  so  badly.  We  began  the  examination 
of  the  stomach  long  ago,  and  we  have  not 
reached  fundamental  principles  as  yet. 

Dr.  Alvarez  mentioned  the  fact  that  the 
stomach  responds  to  the  duodenal  rhythm.  I 
have  two  slides  which  illustrate  his  remark. 
They  are  serial  pictures  of  the  stomach  and 
duodenum,  showing  how  the  distal  part  of 
the  duodenum  contracts  when  the  peristaltic 
wave  in  the  stomach  is  approaching  the  pylorus. 
One  would  expect  that  the  peristaltic  wave  in 
the  stomach  might  be  continued  through  the 
pylorus  into  the  duodenum,  but  it  is  not  so.  A 
wave  of  peristalsis  is  seen  to  rise  in  the  middle 
of  the  cap  before  the  peristaltic  wave  in  the 
stomach  reaches  the  pylorus. 

Dr.  Moore.  My  inability  and  incompe- 
tence are  greater  than  those  of  Dr.  Case  to 


discuss  the  details  of  any  subject  of  this  kind. 
Certainly  those  of  us  who  have  had  the  honor 
and  pleasure  of  hearing  Dr.  Alvarez  before 
knew  we  were  going  to  be  enlightened. 

The  society  should  be  congratulated  on 
having  two  such  contributions  from  two  promi- 
nent roentgenologists  of  Europe. 

One  of  the  weakest  links  in  the  chain  of 
roentgenology  today  is  the  absence  of  any 
literature  or  definite  knowledge  of  roentgen 
physiology,  if  it  might  be  so  expressed. 

Dr.  Alvarez  (closing  discussion).  Dr. 
Forssell's  work  interests  me  because  a  good 
deal  of  work  has  been  published  of  late  in 
physiological  journals  on  the  contractions  of 
the  muscularis  mucosae.  The  study  of  such 
puckerings  may  easily  be  of  value,  especially 
in  diagnosing  the  presence  of  small  ulcers  on 
the  anterior  or  posterior  walls  of  the  stomach. 
They  show  up  well  when  there  is  just  enough 
barium  present  to  demonstrate  the  folds  of 
mucous  membrane. 

Dr.  Pirie's  observations  interest  me  very 
much  because  most  of  our  graphic  records 
show  that  the  rush  waves  down  the  bowel 
generally  originate  in  tonus  contractions  of 
the  upper  duodenum,  and  such  tonus  contrac- 
tions seem  to  be  due  to  the  arrival  of  a  wave 
of  some  kind,  which  travels  out  well  ahead  of 
the  peristaltic  wa\'e  in  the  stomach. 


IMPORTANCE  OF  INDIRECT  ROENTGEN  FINDINGS  IN 

CHRONIC  INFECTION  OF  THE  BILIARY  DUCTS 

AND  GALL-BLADDER* 


BY    M.    P.  BURNHAM,    M.D. 


SAN    FRANCISCO,    CALIFORNIA 


HERETOFORE  the  roentgenologist  has 
depended  almost  entirely  upon  the 
presence  of  calculi  in  the  gall-bladder  in 
the  study  of  biliary  tract  infection  for  his 
findings.  More  recently,  George  has  shown 
the  possibility  and  importance  of  demon- 
stration of  the  diseased  gall-bladder  itself, 
and  has  called  attention  to  other  manifes- 
tations of  infection. 

Chronic  infection  of  the  liver,  bile  ducts, 
and  gall-bladder  constitutes  an  entity,  the 
characteristic     feature     of    which     is     its 


abdomen  open  will  explain  the  limitations 
of  the  direct  roentgen  findings. 

The  pathology  of  infection  in  liver  and 
biliary  system  is  a  generalized  one,  in 
ducts  and  gall-bladder  an  interstitial  proc- 
ess and  not  as  formerly  thought,  largely 
made  up  of  infection  of  contents  of  these 
organs.  The  biliary  ducts  are  of  narrow 
caliber,  often  anomalous  in  course,  and 
offer  difficulty  to  the  passage  of  bile  readily 
enough,  when  as  a  result  of  the  infection 
the    walls    are    thickened    and    the    bile 


Fig.  I.  Normal  right  oblique  prone  position. 

chronic  course.  Calculus  formation,  duct 
blockage,  etc.,  represent  lesions  of  long- 
standing infection. 

The  present-day  surgical  literature 
stresses  the  fact  of  difficulty  of  recognition 
of  even  quite  marked  inflammation  in 
gall-bladder  by  inspection  and  palpation 
of  the  organ  at  operation,  the  symptoms 
in  these  cases  being  of  such  severity  as  to 
have  demanded  operative  interference. 

This  difficulty  in  recognition  of  disease 
processes  of  the  biliary  system  with  the 


Fig. 


Bulb  deformity;  angulation  second  portion  of 
duodenum. 


increased  in  density,  the  end  result  being 
stasis. 

One  of  the  three  lymphatic  systems  of 
li\'er  is  in  close  relation  with  both  cystic 
and  common  ducts,  especially  the  latter, 
as  it  traverses  the  gastrohepatic  omentum. 
These  structures,  in  turn,  bear  a  close 
relation  with  the  distal  aspect  of  the 
duodenal  bulb  and  upper  part  of  the 
second  portion  of  the  duodenum,  being 
situated  at  that  point  posteriorly  and  with 
the   medial  aspect  of  the  second  portion 


'  Read  at  the  Twenty-third  Annual  Meeting  of  The  .\merican  Roentgen  Ray  Society,  Los  Angeles,  Calif.,  Sept.  12-16,  1922. 
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lower  down.  In  this  rej^ion  surgeons  fre- 
quently at  operation  encounter  distinct 
evidences  of  pathology  about  the  ducts  and 
neck  of  the  gall-bladder  when  the  fundus 
itself  appears  normal.  Moreover,  m 
attempting  to  mobilize  the  ducts  and  the 
neck  of  the  gall-bladder  and  later  in  tying 
otr,  distinct  e\idence  both  of  fibrosis  of  the 
ducts  and  the  tissues  about  the  ducts  is 
demonstrable.  Examination  of  the  gall- 
bladder wall  in  these  cases,  on  removal, 
gives  definite  evidence  of  infection.  It  has 
seemed  to  us  probable  that  these  earlier 
changes  in  and  about  the  ducts  and  neck  of 
the  gall-bladder  are  associated  with  the 
beginning   symptomatology   presented   by 


The  evidence  itself  may  be  divided 
into  two  groups:  (i)  Changes  of  form  and 
position  seen  in  the  first  and  second  por- 
tions of  the  duodenum,  and  (2)  variations 
in  the  normal  gastric  physiology. 

A  few-  words  regarding  the  technique 
of  the  examination:  The  ordinary  opaque 
buttermilk  meal  is  used,  and  we  are 
accustomed  to  re-examine  on  the  following 
day,  utilizing  an  aqueous  opaque  meal  for 
the  gastrointestinal  examination.  The  posi- 
tion of  the  patient  in  which  the  in\estiga- 
tion  is  carried  out  is  quite  important.  The 
standing  position  is  not  used  on  account  of 
the  drag  of  viscera  under  examination.  The 
prone  position  also,  as  a  result  of  pressure 


Fig.  3.  Antrum  spasm.  Bulb  indentation;  angulation       Fig.    4.    Bulb   defomiitv;   angulation   second   portion 
second  portion.  of  duodenum. 


cases  of  chronic  infection  of  the  biliary 
tract.  More  and  more  surgery  is  being 
instituted  in  these  non-calculus  stages  of 
duct  and  gall-bladder  inflammation. 

To  limit  our  studies,  therefore,  to  calcu- 
lus demonstration  by  roentgen  methods, 
even  though  they  might  be  shown  in  100 
per  cent  of  the  cases  when  present,  would 
highly  restrict  the  usefulness  of  the 
examination. 

However,  the  so-called  indirect  mani- 
festations of  duct  and  gall-bladder  inllani- 
mation  have  been,  in  our  hands,  during  the 
past  few  years,  of  increasing  value  in 
diagnosis.  I  feel  that  this  e\  idence  should 
be  obtained  independent  of  historical  data. 


and  overlapping  of  the  various  organs 
under  study,  is  open  to  objection.  We 
have  found,  by  placing  the  patient  in  the 
prone  position  and  by  the  use  of  the 
fluoroscope,  turning  the  body  toward  the 
right  lateral  position,  there  appears  at*a 
certain  angle,  dependent  on  the  individual 
habitus  of  the  patient  under  examination, 
a  position  in  which  a  clear  profile  view  of 
the  pyloric  section  and  first  and  second 
portions  of  the  duodenum  is  obtainable. 
In  this  position,  any  deformity  of  these 
sections  can  be  best  studied  uninfluenced 
by  pressure  or  traction  from  a  normal 
source.  In  this  position,  the  distal  aspect 
of  the   bulb   and   the  angle   made  as  the 
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bulb  merges  into  the  second  portion  are 
brought  out  in  absolute  clearness,  the 
normal  then  being  easy  to  establish.  It  is 
in  these  sections  that  we  look  for  deformi- 
ties, the  result  of  biliary  system  pathology. 

The  angle  of  this  right  oblique  position 
cannot  be  foretold  in  any  case.  A  few 
degrees  either  way  from  it  will  militate 
seriously  against  its  usefulness.  It  may  be 
said  that  approximately  5  per  cent  of 
patients  pass  clear  to  the  right  lateral 
position.  These  are  patients  of  sthenic 
habitus. 

The  first  class  of  evidence,  namely,  that 
of  change  of  form  and  relation  in  the  first 
and  second  portions  of  the  duodenum,  and 


course  of  the  second  portion  in  the  duod- 
enum are  quite  as  characteristic  as  the 
indentations  in  the  bulb,  in  our  experience. 
The  second  class  of  evidence,  namely, 
that  of  changes  in  the  normal  gastric 
physiology,  is  most  interesting,  but  not 
nearly  as  decisi\e  in  character  as  changes 
noted  in  duodenum.  It  may  be  stated 
that  the  normal  stomach  accepts  the 
liquid  opaque  meal,  holding  it  in  the  form 
of  a  column  of  about  equal  width  through- 
out, the  pyloric  sphincter  closing,  prevent- 
ing its  discharge  into  the  intestine,  and 
the  cardiac  sphincter  closing,  preventing 
regurgitation  of  the  stomach  contents  into 
the  esophagus. 


Fig.    5.    Angulation    second    portion    of    duodenum. 

due  to  pressure  mainly,  although  adhesion 
fixtures  cannot  be  excluded  as  a  cause,  con- 
sists of  clean-cut  indentations  of  the  duod- 
enal bulb,  crescentic  deformities,  usuall\' 
seen  on  the  lateral  aspect  of  the  bulb  or  on 
the  inferior  aspect;  also  irregular  deformi- 
ties of  the  bulb,  not  of  the  crescentic  type, 
and  distortion  in  the  course  of  the  descend- 
ing duodenum  amounting  in  many  cases  to 
very  great  angulation.  These  gall-bladder 
pressure  deformities  are,  in  a  general  way, 
much  alike  in  all  cases,  changing  as  to  the 
particular  point  in  the  duodenum  at  which 
the  pressure  is  most  prominently  seen, 
dependent  on  the  pathology  present  in  the 
individual    case.    The    angulations    in   the 


Fig.  6.  Bulb  deformity;  angulation  second  portion  of 
duodenum. 

There  is  frequently  seen,  in  cases  of  gall- 
bladder and  bile  duct  infection,  a  narrowing 
in  the  pyloric  end  of  the  stomach  produced 
by  spasm  of  the  wall,  the  stomach  taking 
the  form  of  a  narrow-caliber  tube.  In  other 
cases  is  seen  a  conical-shaped  pyloric 
section,  the  result  of  spasm,  with  apex  at 
the  sphincter.  This  spasm  appears  im- 
mediately on  taking  a  meal,  and  may  per- 
sist for  considerable  periods  ol  time.  When 
the  peristalsis  is  established,  it  is  noted 
that  the  waves  begin  far  back  on  the 
curvatures  and  traverse  the  stomach 
slowly,  often  failing  to  reach  the  pyloric 
sphincter.  At  no  time  has  the  antrum  a 
globular  shape  such  as  we  see  normally. 
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This  spasm  of  the  pyloric  section  increases  esophagus.  It  has  appeared  to  us  that  in 

the  intragastric  tension  and,  I  believe,  is  the  some  cases  the  loss  of  the  sphincter  control 

cause  of  the  sensation  of  the  fullness  and  mechanism  has  passed  a  point  where  intra- 

distention,    of   which    patients    complain,  gastric  tension  may  no  longer  be  the  cause 
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Fig.  7.  Bulb  indentation. 

This  increased  tension  may  become  so 
great  as  to  overcome  the  normal  constric- 
tion fibers  in  the  cardiac  sphincter,  and 
allow  the  back-flow  of  small  or  e\en  large 


Fig.  8.  Bulb  deformity,  angulation. 

of  its  occurrence,  but  that  an  actual  in- 
hibition of  the  constriction  fibers  has 
resulted,  and  the  meal  will  flow  to  and  fro 

from  stomach  to  esophagus  with  little  or 


Fig.  I).  HuHi  dilniniiiy,  angulation. 

amounts  of  the  meal  into  the  esophagus. 
The  small  amounts,  in  our  experience,  are 
usually  returned  at  once  to  the  stomach  by 
peristalsis    in    the    lower    segment    of   the 


>rniitv  on   nieilia 


:is|)eet,  second  portion. 


no  retardation  at  the  sphincter.  \\  hen  this 
condition  of  complete,  or  nearly  complete, 
divulsion  of  the  cardiac  sphincter  is  seen, 
it  is  necessary  to  exclude,  as  a  cause  for  it, 
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any  orjjianic  lesion  of  the  gastrointestinal 
tract  which  may  cause  the  condition. 

Pyloric  spasm  of  the  type  described  is 
more  commonly  seen  than  the  sphincter 
change  at  the  cardia. 

Of  the  two  classes  of  indirect  evidence, 
that  of  deformities  in  the  two  portions  of  the 
duodenum  is  of  far  greater  importance  than 
that  made  up  of  gastric  physiological  ab- 
normalities. It  has  seemed  to  us,  however, 
that  the  disorders  of  physiology  may  appear 
before  any  of  the  findings  brought  about 
by  pressure  or  fixation  in  the  duodenum. 

We  have  made  use  of  these  indirect 
findings  as  an  aid  in  the  interpretation  of 
doubtful  demonstration  of  the  gall-bladder 
on  films.  If  the  gall-bladder  region  contains 
a  contour  line  in  itself  not  determinate, 
it  is  gi\'en  much  greater  weight  in  the  final 
summing  up  of  all  available  data,  ii 
attended  by  these  indirect  manifestations. 

In  differential  diagnosis,  the  presence  of 
abnormal  peritoneal  bands  has  been  con- 
fusing in  some  cases.  In  a  general  way, 
however,  these  structures,  as  shown  by 
Cole  in  a  paper  read  before  this  society 
last  year,  have  distinctive  features  quite 
different  from  those  obtained  clue  to 
lesions  of  the  biliary  system. 

Several  cases  of  ulcer  of  the  duodenum 
with  old  perforation,  resulting  In  fixation  of 
bulb  and  irregularity  of  contour  not  of  the 
usual  type  of  that  of  ulcer,  have  been  seen, 
in  which  it  was  not  possible  to  exclude  a 
gall-bladder  lesion,  the  primary  diagnosis 
being  ulcer.  At  operation  these  cases  have 
been  found  to  be  free  from  evidence  of 
gall-bladder  infection. 

Indirect  findings  have  made  It  possible 
to  show  frequently  the  presence  of  both 
ulcer  and  gall-bladder  pathology  in  the 
same  case.  Recognition  of  the  gall-bladder 
lesion,  not  uncommonly  associated  with 
both  pre-  and  post-pyloric  ulcer,  but  com- 
monly not  found  by  the  roentgenologist, 
allows  of  consideration  by  the  surgeon 
before  operation,  and  often  ends  In  a  more 
orderly  method  of  surgical  attack. 

In  conclusion,  I  would  emphasize  the 
fact  of  the  Importance  of  the  indirect 
roentgen  evidence  in  the  study  of  the 
earlier  stages  of  biliary  Infection.  I  believe 
also  that  its  Importance  at  any  stage  far 
outweighs  that  of  the  direct  findings. 


DISCUSSION 

Dr.  George.  It  is  a  great  personal  satis- 
faction, both  to  Dr.  Leonard  and  myself,  to 
know  that  Dr.  Burnham  has  carried  on  this 
work  and  has  not  only  substantiated  what  we 
have  tried  to  bring  out  in  the  past,  but  has 
gone  a  little  further  by  emphasizing  the  second- 
ary or  indirect  signs  which  determine  more 
accurately  pathology  of  the  gall-bladder. 
The  more  we  do  of  this  work  the  more  we 
realize  that  it  is  a  relatively  simple  problem. 
As  you  all  know,  we  have  attempted  to  make 
^•isibIe  the  gall-bladder,  and  we  still  think 
that  if  we  can  accomplish  it,  the  gall-bladder  is 
pathological;  no  one  has  proven  to  the  contrary 
so  far. 

In  our  efforts  to  make  visible  the  gall-bladder 
we  have  come  to  depend  on  other  signs,  the 
same  signs,  practically,  that  Dr.  Burnham  has 
emphasized  today.  In  the  last  year,  especiallv 
w  ith  the  use  of  the  Potter-Bucky  diaphragm, 
we  have  found  secondary  changes  very  constant. 
This,  perhaps,  we  have  overlooked  earlier 
in  our  work,  for  we  did  not  in  the  past  attach 
the  significance  to  these  changes  which  we  do 
at  present. 

As  we  go  over  this  work,  we  find  that  the 
pathological  gall-bladder  almost  invariably 
shows  an  impression  on  some  portion  of  the 
stomach  or  duodenum,  or  changes  in  the  second 
portion  of  the  duodenum.  The  question  has 
come  up  time  and  again  why  this  should  be. 

Some  of  you  have  probably  had  the  same 
experience  that  we  have  with  surgeons  who 
ask  why  should  not  a  normal  gall-bladder  show, 
as  we  claim  the  pathological  gall-bladder  will, 
against  the  stomach,  or  first  or  second  portions 
of  the  duodenum.  If  you  ask  them  in  turn 
for  their  diagnostic  sign  or  signs,  orwhat 
to  them  means  a  normal  gall-bladder  without 
opening  it,  you  invariably  have  the  reply  that 
the  gall-bladder  was  found  easily  ct)mpressible, 
or  contents  expressible  without  difficulty;  that 
is,  as  far  as  palpation  is  concerned. 

The  reason,  it  seems  to  us,  that  the  patho- 
logical gall-bladder  shows  this  outline  on  the 
duodenum  and  other  portions  of  the  gastric 
tract  is  that  the  tension  within  the  gall-bladder 
is  greater  than  in  the  normal,  and  that  it  is 
greater  than  the  amount  of  bismuth  that 
passes  around  it.  If  this  is  the  cause,  then  there 
must  be  considerable  tension  to  accomplish 
this  result. 

In  the  exhibit  which  we  have  made  at  this 
meeting,  we  have  chosen  the  most  characteristic 
examples  of  pressure  defects  upon  the  various 
portions  of  the  stomach  and  duodenum.  There 
is  one  point  in  diagnosis  which  seems  not  so 
much  a  question  of  pressure  defect,  as  we  have 
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tried  to  explain  it,  due  to  the  gall-bladder,  but 
rather  that  there  is  a  concave  body  which  is  in 
contact  with  the  stomach  or  duodenum,  and 
produces  at  the  point  of  pressure  or  contact  a 
"half-shadow."  This  visualization  means  a 
concave  surface  that  must  produce  this  change. 
As  you  will  see  in  every  instance  where  the 
gall-bladder  is  actually  in  contact  with  the 
stomach  or  duodenum,  there  is  a  difference  in 
shade  or  density  of  the  bismuth  mass  imme- 
diately at  the  point  of  contact,  and  it  takes 
only  a  moderate  amount  of  imagination  to 
visualize  that  this  is  due  to  a  globular  mass, 
causing  this  pressure. 

Again,  we  are,  naturally,  with  the  experience 
that  we  have  had,  impressed  by  the  normal 
appearance  of  the  stomach  and  duodenum, 
iirst  and  second  portions.  Unfortunately, 
or,  perhaps,  fortunately,  both  of  us,  Dr. 
Leonard  and  I,  being  more  or  less  single- 
tracked  in  our  ideas,  have  carried  on  our  gastro- 
intestinal examinations  in  exactly  the  same  way 
lor  the  last  ten  years.  We  have  never  changed 
the  meal  in  any  way,  or  the  technique,  or  the 
time  of  examination,  and  in  no  instance  have 
we  ever  attempted  the  double  meal  as  a  method. 

Taking  the  number  of  cases  that  we  have 
done  in  the  past,  we  very  quickly  with  our 
technique  can  determine,  and,  we  think, 
accurately,  the  normal,  anatomical  position 
of  the  duodenum;  and  any  variation  from  this, 
where  the  second  portion  of  the  duodenum 
seems  to  be  at  right  angles  to  its  normal  posi- 
tion, immediately  opens  the  possibility  or 
probability  of  the  cause  of  this  being  adhesions 
arising  from  or  about  the  gall-bladder.  This 
is  one  of  the  common  signs,  indirectly,  of 
gall-bladder  disease.  It  is  practically  accepted 
by  all  pathologists  that  adhesions  arising  from 
the  gall-bladder,  or  in  any  way  connected  with 
the  gall-bladder,  are  due  to  disease  within  the 
gall-bladder,  either  past  or  present.  This  is  a 
very  definite  sign. 

These  signs  may  not  necessarily  be  found 
in  one  position.  Sometimes  they  are  found 
entirely  in  the  anteroposterior  position,  and 
at  other  times,  only  in  the  lateral  position. 
We  have  found,  by  talking  with  various  roent- 
genologists, that  very  few  attempt  the  true 
lateral  position  routinely.  In  every  case  we 
do  as  many  laterals  as  we  do  the  other  positions, 
and  it  is  probably  the  most  important  position, 
everything  considered. 

Depending,  as  we  do,  mainly  on  films  for  our 
evidence  of  gall-bladder  disease,  it  is  possible 
that  in  omitting  routine  fluoroscopic  examina- 
tions of  the  stomach,  we  are  overlooking  some 
ol  these  extra  signs  that  Dr.  Burnhani  has  so 
clearly  brought  out  in  his  paper,  especially 
spasm.  Carman  first  mentioned  spasm  to  us. 


and  after  a  long  time  of  searching  for  evidence 
of  this  spasm,  we  found  one  case  which  not  only 
showed  gall-stones,  but  showed  the  character- 
istic changes  in  the  antrum  of  the  stomach  that 
Carman  mentions. 

We  have  termed  these  pressure  signs  on  the 
stomach  and  duodenum  as  indirect  signs.  As  a 
matter  of  fact,  they  should  be  called  direct 
signs,  or  at  least,  secondary,  and  spasm  is 
unquestionably  a  secondary  problem.  Unless 
one  has  had  a  good  deal  of  experience  with  the 
normal  and  with  disease  of  other  portions  of 
the  gastrointestinal  tract  that  do  produce 
spasm,  one  may  be  led  astray,  unless  extremely 
cautious,  in  using  spasm  as  an  important  sign. 
I  think  Dr.  Burnham  from  his  experience  is  in 
a  position  to  emphasize  this  sign  even  more 
than  we. 

It  has  been  a  great  personal  satisfaction  to 
have  heard  Dr.  Burnham's  paper  because  it 
has  been  instructi\c,  and  I  am  sure  that  my 
coming  visit  to  Dr.  Burnham  in  San  Francisco 
will  emphasize  more  strongly  even  than  he  has 
today  the  importance  of  these  signs  that  he 
has  mentioned  to  us. 

Dr.  Case.  I  have  enjoyed  Dr.  Burnham's 
paper  very  much  and  have  enjoyed  still  more 
the  splendid  roentgenograms  which  he  has  set 
up  in  the  Scientific  Exhibit.  I  have  been  very 
much  profited  by  the  further  contribution  to 
this  subicct  which  he  has  made. 

W  ith  Dr.  George  and  his  colleagues,  I  have 
for  a  number  of  years  held  that  the  shadow  ot 
the  gall-bladder,  when  definitely  determined 
upon  the  roentgenogram,  was  a  sign  of  a  patho- 
logical gall-bladder.  On  several  occasions,  in 
my  surgical  work  on  patients  whose  roentgen 
examinations  showed  an  indisputable  gall- 
bladder outline,  I  have  found  the  gall-bladder 
to  be  easily  compressible  and  the  contents 
easily  expressible;  the  gall-bladder  wall  Iseing 
thin,  with  no  enlarged  glands  about  the  cystic 
or  common  ducts,  and  with  no  pericholecystic 
adhesions.  On  account  of  the  history,  I  felt 
that  I  was  justified  in  removing  the  gall- 
bladder in  these  cases;  and  when  the  gall- 
bladder was  later  opened,  it  proved  to  be 
definitely  diseased.  I  would  like  to  show  you 
slides  of  a  number  of  such  gall-bladders,  show- 
ing, in  one  instance,  loo  or  more  grains  of  small 
black  biliary  sand;  in  several  other  instances, 
papillomata  of  the  gall-bladder  which  were 
easily  made  out  with  the  naked  eye.  W'e  have 
also  made  bacteriological  studies  of  the  bile 
from  the  gall-bladder  and  cultures  of  macerated 
portions  of  the  mucosa  of  the  gall-bladder  from 
both  fundus  and  neck  in  a  number  of  these 
cases.  I  am  frank  to  say  that  I  have  seen  a  fair 
number  of  cases  w  here,  in  sj^ite  of  \ery  distinct 
delineation  of  the  gall-bladder  on  the  roent- 
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genograni,  I  have  not  felt  justified  in  removing 
the  gall-bladder.  I  feel  that  we  can  only  go  so 
far  as  to  say  that  the  distinct  outline  of  the 
gall-bladder  in  the  roentgenogram  suggests 
pathological  gall-bladder  and  may  be  consid- 
ered as  a  contribution  to  the  evidence  going  to 
condemn  such  a  gall-bladder. 

I  feel  that  it  is  very  important  to  emphasize 
that  before  making  a  diagnosis  of  visualized 
gall-bladder,  we  must  identify  the  shadow  of 
the  right  kidney  and  the  shadow  of  the  lower 
edge  of  the  liver;  the  gall-bladder  outline  must 
be  a  third  shadow.  I  think  a  great  many  kidney 
outlines  have  been  mistaken  for  enlarged 
gall-bladders. 

Another  pomt  is  the  question  of  indentation 
on  the  duodenum,  which  is  presumed  to  be 
made  by  a  distended  gall-bladder.  I  feel  that 
this  does  not  prove  gall-bladder  pathology; 
It  only  suggests  it.  I  am  perfectly  certain  that 
the  normal  gall-bladder  can  make  such  indenta- 
tion. I  think  we  may  say  only  this:  that  it 
contributes  to  the  diagnosis,  but  that  of  itself 
it  certainly  is  not  pathognomonic. 

We  ha\e  made  a  summary  of  something  over 
350  consecutive  cases  of  gall-bladder  disease 
w  here  the  gall-bladder  was  either  removed  or 
drained  surgically;  the  operative  findings  have 
been  compared  with  the  findings  of  the  direct 
or  indirect  .v'-ray  signs.  We  were  able  to  make  an 
.v-ray  diagnosis  of  gall-stones  in  32  per  cent  of 
the  cases  in  which  stones  were  found  at  opera- 
tion; but  the  indirect  signs  such  as  I  have  been 
employing  for  years,  and  such  as  have  been 
outlined  by  Dr.  Burnham  in  his  excellent 
paper  today,  were  present  in  88  per  cent;  so 
that  I  feel  that  the  indirect  .v-ray  method  is 
certainly  a  very  dependable  method  of  con- 
tributing to  gall-bladder  diagnosis. 

After  long  experience  in  this  thing,  and  after 
considerable  efTort  to  pro\e  that  the  gall- 
bladder when  \'isualized  is  always  pathological, 
1  am  free  to  state  my  conviction  that  this  is 
not  always  true,  and  that  the  duodenal  indenta- 
tion may  be  made  by  a  temporarily  distended 
normal  gall-bladder.  The  gall-bladder  is  nor- 
mally distended  when  one  holds  the  breath,  and 
usually  these  roentgenograms  are  made  while 
tiie  breath  is  held. 

Dr.  Alv.\rez.  I  want  to  congratulate  Dr. 
Burnham  on  his  paper,  which,  I  think,  marks 
a  definite  advance  in  our  knowledge  of  the 
subject.  His  plates  are  beautiful  and  they  fill 
nie  with  the  hope  that  we  may  be  able  to 
diagnose  more  of  these  diseased  gall-bladders. 
1  still,  however,  cannot  quite  accept  some  of  his 
conclusions. 

I  do  not  see  how  a  roentgenologist  who  takes 
no  history  and  who  does  not  follow  up  the 
patient  after  operationcan  tell  \^ilctlH■r  these 


indenting  gall-bladders  are  diseased  or  not. 
I  take  a  most  careful  history,  I  make  a  physical 
examination,  I  screen  the  patient  and  stucl\ 
the  plates.  Then,  if  the  patient  is  operated 
upon,  I  see  the  gall-bladder,  I  take  it  to  our 
University  bacteriologist  for  cultures  from  the 
bile  and  the  ground-up  wail,  and  I  study 
sections  with  the  pathologist.  Later  I  follow 
the  patient  up  to  see  if  there  is  relief  from 
symptoms.  I  do  not  see  how  any  one  can  have 
a  right  to  strong  opinions  until  he  does  that 
sort  of  thing.  What  I  have  learned  is  that  a 
symptom-producing  gall-bladder  with  its  wall 
full  of  bacteria  is  often  soft  and  absolutely 
normal  to  the  touch.  I  agree  with  Dr.  Judd  of 
the  Mayo  Clinic  that  in  order  to  give  these 
patients  relief  we  must  often  remove  the  organ, 
simply  because  the  history  points  so  strongly 
in  its  direction.  If  we  cannot  recognize  many 
of  these  diseased  gall-bladders  by  visual  and 
tactile  examination,  how  can  we  ever  hope  to 
recognize  them  roentgenographically? 

Dr.  Moore.  I  would  like  to  congratulate 
the  essayist  on  his  paper. 

We  have  done,  I  am  sorry  to  say,  little  gall- 
bladder work  in  depending  to  any  degree  on 
direct  or  indirect  e\idence.  I  would  like  to  ask 
Dr.  Burnham  in  regard  to  indirect  evidence — 
spasm;  whether  he  has  seen  a  six-hour  retention 
in  the  stomach  as  the  result  of  gall-bladder 
disease,  and  whether  or  not  these  deformities 
are  influenced  by  antispasmodics,  such  as 
belladonna. 

We  feel  that  the  gall-bladder  is  a  big  part 
of  gastrointestinal  diagnosis,  not  so  much  from 
the  roentgenological  standpoint  as  from  the 
general  clinical  picture  of  digestive  disturbances. 

I  was  glad  to  hear  Dr.  Alvarez  mention  the 
difficulty  of  determining  what  constituted 
pathology  of  the  gall-bladder  while  it  was  in 
the  patient.  It  seems  to  me  that  in  these  cases 
the  attitude  is  pretty  well  expressed  by  what 
I  recently  heard  one  surgeon  say:  that  in 
exploring  a  case  in  which  the  diagnosis  had 
been  doubtful,  and  in  which  the  examination 
was  doubtful,  the  appendix  might  be  regarded 
as  the  first-line  trench — first  the  appendix  and 
then  the  gall-bladder. 

It  is  remarkable  to  me,  and  a  source  of 
extreme  gratification  in  following  cases,  to 
find  what  extreme  relief  some  of  these  digestive 
disturbance  cases  obtain  by  removal  of  the 
gall-bladder. 

If  we  can  obtain  definite  or  other  signs  in 
the  duodenal  bulb,  and  if  the  gall-bladder  will 
produce  these  signs,  then  the  roentgenologist 
is  going  to  oft'er  assistance  to  the  general 
diagnostician  and  surgeon. 

Dr.  Hickey.  I  would  hke  to  ask  Dr. 
Burnhnm    whether    he    extended    his    studies 
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toward  secondary  signs  with  regard  to  the 
colon,  whether  he  found  any  deformity  in 
connection  with  the  hepatic  flexure  and 
wiicthcr  lie  finds  a  tendency  to  stasis  in  the 
cecum. 

Dr.  Buknham  (closing  discussion).  I  have 
not  noted  anything  in  the  colon  as  to  stasis.  I 
iiave  not  gotten  any  help  out  of  the  six-hour 
retention  and  really  do  not  recall  whether  or 
not  it  occurs  at  all  frequently. 

The  title  of  my  paper  was  meant  to  express 
what  I  was  trying  to  get  at.  I  have  been  unable 
to  demonstrate  stones  with  any  satisfaction 
except  when  a  man  would  say,  "I  know  this 
case  has  stones."  In  many  veteran  cases  of 
this  sort,  stones  can  be  made  out  by  us. 


Since  we  have  undertaken  this  work,  the 
visits  to  the  operatmg-room  have  become  a  great 
pleasure,  and  I  have  seen  as  many  as  3  cases  of 
non-calculus  cholecystitis  surgically  treated  in 
a  mornmg's  work. 

I  have  been  interested  in  the  clinical  check, 
although  I  have  never  been  able  to  follow  my 
cases  closely,  but  repeatedly  I  ha\e  gotten  in 
touch  with  patients  six  months  after  operation, 
and  have  been  surprised  at  the  relief  obtained 
from  removal  of  the  gall-bladder. 

The  point  I  wish  to  emphasize  is  the  import- 
ance of  making  investigations  and  putting  down 
findings  in  a  clear-cut  way,  in  order  to  help  the 
man  who  is  consulted  by  the  patient  with 
obscure  symptoms. 


AN  X-RAY  STUDY  OF  THE  ABSORPTION  OF  TUBERCU- 
LOUS EXUDATE  WITHIN  THE  LUNG* 

BY  KENNON  DUNHAM,  M.D.,  AND  VERA  V.  NORTON,  M.D. 

Cincinnati  Tuberculosis  Sanaturiiim 

CINCINNATI,    OHIO 

''I'^HIS  is  primarily  an  -v-ray  study.  To     monary    tuberculosis    called    phthisis.    On 
J-    us  it  conclusively  demonstrates    that      the    other    hand,    small    tubercles    in    the 


tuberculous  exudates  are  frequently  ab- 
sorbed. Many  of  the  lesions  observed  have 
been  tuberculous  caseous  bronchopneu- 
monia in  far  advanced  cases.  We  believe 
that  absorption  is  even  more  common  in 
early  apical  lesions,  but  such  cases  are 
uncommon  in  the  Cincinnati  Tuberculosis 
Sanatorium.  If  such  absorption  were  com- 
pared with  that  following  the  consolida- 


lung  may,  with  or  without  extensive 
necrosis,  become  surrounded  by,  or  con- 
^  erted  into,  masses  of  dense  fibrous  tissue. 
These  fibroid  masses,  which  are  often 
called  "healed  tubercles,"  may  contain 
necrotic  material,  are  often  mottled  black 
from  anthracotic  pigments,  or  may  be 
calcified  at  the  center." 

This  is  again  stated  bv  Ziegler:  "It  is 


tion  of  a   frank  pneumonia,   it  would   be  very  doubtful  whether  complete  ieco\ery 

called    slight    and    infrequent.    We    have  of  the  affected  tissue  by  re-absorption  of 

limited  this  report  to  cases  observed  during  the  exudate  is  in  any  case  possible,  and 

the  single  year,  July,  1921,  to  July,  1922.  indeed,    it    can    only    occur   in   the   very 

Absorption    of   tuberculous    exudate    was  smallest  patches  whose  vessels  are  not  yet 

noted  m  59  cases  out  of  a  total  of  489,  or  obliterated.     In    larger    patches,    healing 

more  than  12  per  cent  of  those  examined,  can  only  take  place  when  the  inilammatory 


This  was  a  striking  observation  to  us,  as 
it  was  neither  slight  nor  infrequent. 

The  generally  accepted  idea  of  the 
healing  of  tuberculosis  is  thus  expressed 
by  Dclalicld  and  Pruddcn:  "Small  foci  of 
tuberculous  inllammation  which  are  called 
miliary  tubercles  may,  as  we  shall  see 
later,  extend  and  coalesce  so  that  with 
more  or  less  exudati\e  pneumonia,  large 
areas  of  the  lung  may  become  consolidated, 
thus  developing  one  of  the  forms  of  pul- 


process  issues  in  fibrous  hyperplasia  and 
induration." 

However,  in  1858,  Virchow  stated: 
"The  cheesy  transformation  is  the  regular 
termination  of  the  tubercle,  but,  on  one 
hand,  it  is  not  the  necessary  one,  inasmuch 
as  there  are  rare  cases  in  which  tubercles, 
in  consequence  of  their  undergoing  a 
complete  fatty  metamorphosis,  become 
capable  of  re-absorption;  on  the  other 
hand,    the    same    cheesy    metamorphosis 


'  Read  by  title  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  R.\y  Society,  t-os  Angeles,  Calif..  September 
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befalls  other  kinds  of  celhilar  new  forma- 
tion, for  pus  may  become  cheesy,  and 
hkewise,  cancer  and  sarcoma." 

In  1922,  Gardner  proves:  "Caseous 
tubercle  can  heal  by  resolution  and  finally 
disappear  completely."  The  basis  of  this 
report  is  the  work  of  Dunham  and  Skav- 
lem,  who  state  in  their  conclusions  that 
"certain  .v-ray  densities  suggest  definite 
cellular  pathology."  We  accept  this  re- 
search as  correct  and  go  a  step  further 
and  claim  that  certain  .x-ray  densities  not 
merely  suggest,  but  may  be  definitely 
read  in  the  language  of  cellular  pathology. 

At  some  future  time,  a  more  complete 
report  of  these*  autopsies  will  be  made. 
This  report  is  based  upon  gross  pathology. 
Sixty-four  autopsies  were  held  during 
this  fiscal  year.  Nine  of  these  were  not 
x-rayed  before  nor  after  death;  34  cases 
were  .v-rayed  before  death,  and  densities 
of  caseous  bronchopneumonia  were  read 
from  the  plates.  These  were  found  by 
the  pathologist  in  the  lobes  as  described. 
In  the  35th  case,  caseous  bronchopneu- 
monia was  found  in  limited  areas  by  the 
pathologist,  but  three  months  before  death, 
the  roentgenologist  did  not  observe  this. 

Fifteen  cases  had  no  chest  plates  made 
during  life,  but  comparison  was  made  be- 
tween the  roentgenologist  and  the  pathol- 
ogist by  means  of  lung  plates  made  after 
death.  Fourteen  of  these  tallied.  One 
did  not  agree:  The  pathologist's  diagno- 
sis was  bronchopneumonia  due  to  tuber- 
culosis; the  .\-ray  diagnosed  broncho- 
pneumonia probably  not  due  to  tuber- 
culosis. In  J  cases,  death  was  from  causes 
other  than  pulmonary  tuberculosis.  The 
pathologist  and  roentgenologist  agreed 
completely  in  these  5,  but  no  caseous 
bronchopneumonia  was  found. 

We  belie\e  that  a  study  of  these  autop- 
sies justifies  the  conclusion  that  caseous 
bronchopneumonia  can  be  detected  from 
the  x-ray  plate.  This  justifies  the  state- 
ment that  certain  x-ray  densities  may 
definitely  be  read  in  the  language  of 
cellular  pathology. 

The  proof  of  this  claim  rests,  then,  on 
this  comparison  of  x-ray  plates  and  the 
autopsy  findings  in  55  cases,  and  on  a 
study  of  59  cases  still  living,  that  have 
shown  the  same  densities  in  x-ray  plates 


which  have  disappeared  coincident  with  a 
clinical  improvement. 

It  is  interesting  to  look  back  over  our 
work  and  watch  the  evolution  of  this 
idea.  In  May,  1920,  we  find  this  note  in 
the  history:  "The  caseous  bronchopneu- 
monia is  not  so  dense  as  shown  by  the 
plates  six  weeks  ago."  Similar  readings 
occur  with  increasing  frequency  until,  in 
February,  1921,  the  following  was  noted: 
"These  plates  show  to  what  extent  caseous 
bronchopneumonia  can  clear  up."  From 
May,  1920,  until  July,  1921,  such  observa- 
tions were  recorded  some  20  times.  W^e 
have  limited  this  study  to  cases  observed 
from  July,  1921,  to  July,  1922.  Some  of  the 
cases  had  been  observed  many  years 
previously,  but  the  routine  of  the  hospital 
brought  every  one  of  these  cases  to  our 
attention  during  these  twelve  months. 
None  were  dragged  in,  and  many  interest- 
ing examples  were  left  out  because  they 
did  not  come  to  us  by  routine. 

In  all,  489  cases  were  examined;  .v-ray 
densities  diagnosed  as  exudate  decreased 
or  disappeared  in  67  or  13.-  per  cent. 
Eight  of  these  were  not  proven  tubercu- 
lous, leaving  a  little  more  than  12  per  cent. 
Of  these  8,  4  had  4  +  +  -|--K  Wassermann; 
2  were  finally  proven  interlobar  empyema, 
and  the  remaining  2  were  very  atypical, 
and  an  etiological  diagnosis  of  the  supposed 
exudate  was  not  made. 

Fifty-one  cases  had  positive  sputum 
sometime  during  their  residence.  Thus,  we 
have  diagnosed  8  as  tuberculous  without 
positive  sputum.  Three  of  these  are  posi- 
tive from  the  history,  symptoms,  physical 
findings  and  x-ray  examinations,  but  tuber- 
cle bacilli  have  not  been  found  in  the 
sputum.  Three  young  children  had  no 
sputum.  The  physical  signs  are  suggestive, 
but  history,  symptoms,  x-ray  plates  and 
Von  Pirquet  are  \ery  positive.  One  young 
girl  had  no  sputum,  but  had  typical  fans 
of  difiering  densities,  characteristic  of 
tuberculosis,  which  have  disappeared  in 
one  part  of  the  lung  only  to  appear  in 
another.  One  adult  had  no  sputum,  but 
otherwise,  the  diagnosis  is  beyond  question. 
We  unhesitatingly  diagnose  these  59  cases 
as  pulmonary  tuberculosis. 

As  was  expected,  sex  seems  to  have  no 
special  influence:  42  cases  or  71  per  cent 
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being  males  and  17  cases  or  29  per  cent 
being  females,  the  proportion  in  489  being 
69  per  cent  and  31  per  cent. 

Regarding  ages,  of  the  489  cases  exam- 
ined, 278  or  about  5^^  per  cent  were  over 
thirty.  Of  the  59  cases  showing  the  absorp- 
tion of  caseous  bronchopneumonia,  38  or 
about  64  per  cent  were  over  thirty.  This 
may  indicate  that  this  change  is  increas- 
ingly frequent  with  ad\ancing  age. 

We  were  interested,  though  not  sur- 
prised, at  the  findings  regarding  race.  In 
the  period  during  which  these  observations 
were  made,  plates  were  made  of  489 
cases.  Of  these,  384  or  78.5  per  cent  were 
white,  and  105  or  21.5  per  cent  were 
colored,  but  of  the  59  cases  in  which 
absorption  was  noted,  only  2  or  less  than 
2  per  cent  were  negroes.  One  of  these  is  a 
negro  boy,  admitted  in  July,  1915,  aged 
eight.  The  diagnosis  on  admission  was 
incipient  pulmonary  tuberculosis  with  a 
slight  lesion  in  the  upper  left  lobe.  He  has 
been  re-admitted  4  times  since,  and  through 
a  series  of  6  x-ray  examinations,  we  have 
watched  this  lesion  develop.  A  cavity  has 
formed  and  caseous  bronchopneumonia 
has  appeared.  In  the  last  set  of  plates 
made  on  July,  1922,  the  cavity  is  very 
clearly  defined  by  a  thick  wall  while  the 
exudate  is  being  absorbed.  The  other 
negro  shows  only  slight  absorption. 

In  classifying  these  59  cases  as  to  degree 
of  absorption,  we  have  noted: 

7  in  which  the  change  was  slight 

24  in  which  the  change  was  moderate 

18  in  which  the  change  was  marked 
The  remaining  10  are  left  in  a  class  by 
themselves,  because,  while  the  caseous 
bronchopneumonia  has  been  absorbed  at 
sonic  tunc  during  the  period  of  observa- 
tion, seeming  to  mdicate  impro\ement,  in 
other  parts  of  the  lungs  retrogressi\e 
changes,  most  frequently  the  increase  in 
size  of  a  cavity,  have  occurred.  Three  of 
this  class  died  during  the  year. 

Case  I.  White  male,  aged  forty-seven. 
When  first  admitted,  In  July,  1913,  had  a 
history  of  illness  dating  six  months  previ- 
ously, moderate  cough,  little  sputum  (nega- 
tive) slight  hemoptysis,  temperature  In 
July,  98  to  104.6°  F.,  becoming  less  on 
usual  rest  treatment.  Was  given  protoiodide 
of  mercur\  because  of  luetic  historv. 


Roentgen  Examination.  Plates  No.  429, 
made  October  6,  191 3,  show  marked 
involvement  of  the  right  side  with  proba- 
ble cavity.  Left  did  not  show  much 
pathology.  Pneumothorax  treatment  was 
begun  and  Plates  No.  438  made  October 
14,    1913,  481,  505,  515,  524,  February  8, 

1914,  Illustrate  phases  of  this  collapse.  He 
received  in  all  about  15  treatments.  When 
he  was  discharged,  in  May,  1914,  at  his 
own  request,  he  had  gained  13  lbs.  and  his 
temperature  had  been  below  100°  F.  for 
three  months. 

Re-admitted  September  26,  19 14.  Had 
contmued  to  nnpro\  e.  "  Breath  sounds 
have  returned  to  the  rlglft  side  and  were 
heard  all  over  the  chest."  No  plates  at 
this  time.  Was  in  hospital  until  January  9, 

191 5.  French  lea\e. 

Re-admitted  August  6,  19 15,  with  tem- 
perature of  from  97  to  103.4°  F.  Had  lost 
I-  lbs.  Again  Improved  and  again  took 
French  lea\e,  January  11,  1916. 

Re-admitted  No\ember  15,  1916,  In  fair 
condition,  gaining  in  weight.  Plates  1092 
show  oldest  lesion  in  the  upper  right;  dis- 
location of  the  thoracic  \iscera  upward. 
Lesion  in  left  vertebral  trunks.  French 
leave,  February  i,  191 -. 

Re-admitted  August  26,  1919.  \\  asser- 
mann  negati\'e.  Sputum  negatne.  Signs 
of  cavity  in  the  upper  right.  Again  Im- 
proved and  again  took  French  leiwe  two 
months  later. 

Remained  out  until  July  26,  1920.  On  re- 
admission,  sputum  was  posItUe  and  Was- 
sermann  negative.  Physical  signs  on  both 
sides,  more  marked  on  right  with  ca\  ity. 
Temperature  96  to  100°  F.  Weight  1 15  lbs. 

Roentgen  Examination.  Plates  No.  i860, 
made  October  24,  1920,  show  benefit  of 
pneumothorax  w  hich  has  definitely  arrested 
the  lesion  in  the  upper  right,  allowing 
greatly  increased  fibrous  tissue  to  develop 
around  the  upper  right,  so  that  when  this 
lobe  broke  down,  with  caxlty  formation, 
the  lesion  was  well  walled  off  and 
drained  well.  Definite  lesion  seen  in  the 
upper  left  and  definite  mottling  sug- 
gesting caseous  bronchopneumonia  from 
the  third  rib  to  the  fifth  interspace  and, 
to  a  less  extent.  In  the  lower  right.  Again 
Improved  and  again  took  French  leave  De- 
cember I,  1920. 
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Three  times  has  this  story  been  repeated, 
his  last  admission  being  on  July  26,  1922. 
Wassermann  is  now  positive  and  the 
sputum  contains  tubercle  bacilli. 

Roentgen  Examination.  Plates  No.  3139 
show  the  large  cavity  in  the  upper  right 
with  heavy  capsule  and  thickened  pleura 
drawing  the  trachea  over.  With  this,  a 
definite  decrease  in  caseous  bronchopneu- 
monia is  noted  in  the  lower  and  middle 
lobes.  There  may  be  begmning  caseous 
bronchopneumonia  in  the  lower  left. 

Case  II.  White  male,  aged  thirty. 
Admitted  June  26,  192 1.  History  of 
pneumonia  in  infancy  and  again  fne 
years  ago.  "Subject  to  bronchitis  and 
bad  colds"  since.  Twenty  to  30  lbs.  under- 
weight. Severe  cough  with  expectoration, 
worse  at  night.  Positive  sputum;  negative 
Wassermann.  Temperature  very  irregular 
— in  the  evening  98.8  to  101.6°  F.  within 
two  weeks;  pulse  also  irregular.  Physical 
signs  indicated  scattered  areas  of  involve- 
ment. A  diagnosis,  confirmed  by  roentgen 
examination.  Plates  No.  1778,  made  August 
18,  1920,  showed  a  slight  lesion  in 
right  vertebral  trunks;  confluent  caseous 
bronchopneumonia,  first  and  second  inter- 
space trunks;  slight  involvement  apex  ot 
lower  right.  Heavy  tuberculous  fans  m 
the  anterior  branches  of  the  vertebral 
trunks,  left  side;  faint  cloud  due  to  tuber- 
culous pneumonia,  but  not  caseous,  in  the 
posterior  branches  of  the  first  interspace 
trunks;  area  of  caseous  bronchopneumonia 
in  the  anterior  branches  of  the  second 
interspace  trunks. 

Patient  improved;  temperature  and 
pulse  more  steady;  gained  24  lbs.  in 
weight  in  the  two  months  before  he  took 
French  leave.  Was  out  only  eleven  days. 

Roentgen  Examination.  Plates  No. 
1902,  made  December  12,  1920,  four 
months  after  the  first  set,  show  the  absorp- 
tion in  the  upper  right  with  the  develop- 
ment of  a  cavity.  A  similar  change  has 
occurred  in  the  left  lung.  Cavity  has  devel- 
oped behind  the  second  interspace.  The 
fans  in  the  \ertebral  and  first  interspace 
trunks  show  decreased  density,  and  the 
fan  in  the  second  interspace  trunks  is 
more  blotchy,  suggesting  caseous  broncho- 
pneumonia rather  than  caseous  pneumonia. 
Phvsical    signs    are    much    more    marked. 


but  no  evidence  of  cavity  is  found.  In 
March,  the  patient  again  took  French 
leave,  remaining  out  three  months. 

His  third  period  of  residence  lasted 
from  June,  192 1,  until  February,  1922, 
when  he  went  to  New  Mexico.  Plates  No. 
2~36  show  great  change  in  the  right  lung. 
There  is  now  an  area  of  emphysema  in  the 
vertebral  trunks  above  the  clavicle.  The 
first  interspace  trunks  show  evidence  of 
increased  scar  tissue  which  may  be  the 
result  of  contracted  cavity.  Linear  mark- 
ings of  the  second  interspace  trunks  are 
now  obscured  by  a  faint  cloud,  but  no 
caseous  bronchopneumonia  is  noted.  In 
the  left  lung,  the  vertebral  trunks  are 
heavy,  as  are  the  posterior  branches  of  the 
first  interspace  trunks.  An  area  within  the 
second  interspace  trunks  now  shows  a 
cavity.  In  the  lower  left,  near  the  angle  of 
the  scapula,  there  is  still  increased  density, 
but  not  as  heavy  as  before. 

Case  III.  White  male,  aged  twenty- 
eight.  Admitted  February  26,  192 1.  Typical 
history  of  pulmonary  tuberculosis.  Sputum 
positi\e. 

Roentgen  Examination.  Plates  No.  2064, 
made  March  3,  192 1,  show  pulmonary 
tuberculosis  chronic,  fibroid,  active,  far 
advanced;  adult,  apical  type.  Unusual 
abnormal  density  seen  behind  the  third 
rib,  upper  right,  which  appears  to  be  a 
cavity  surrounded  by  caseation.  Caseous 
bronchopneumonia  in  the  right  base.  More 
recent  fans  in  the  upper  left.  Prognosis 
\ery  grave;  will  probably  not  live  o^'er  a 
year. 

Roentgen  Exaniination.  Plates  No.  2134, 
made  April  8,  1921,  show  that  infiltration 
throughout  the  right,  especially  in  the 
lower  lobe,  is  much  less;  not  so  marked  in 
the  left.  Cavity  not  now  in  evidence,  but 
great  masses  of  increased  density  are 
seen  in  the  upper  and  lower  lobes.  The 
lesions  lie  much  higher.  This  may  be  due  to 
the  extent  of  inspiration,  or  to  a  dislocation 
of  the  thoracic  viscera  due  to  absorption 
of  exudate  and  contracted  tissue.  Tem- 
porarily, the  prognosis  is  better. 

Roentgen  Examination.  Plates  No. 
2218,  made  May  21,  192 1,  show  most 
unusual  absorption  of  exudate  throughout 
both  lower  lobes,  especially  the  right.  The 
upper    right    now   seems   to    contain    two 
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large  cavities  which  ha\e  been  compressed 
by  contractile  tissue  and  thici<ened  pleura. 
Thickened  pleura  between  the  upper  and 
middle  right  lobes  and  drawn  up  so  that  it 
lies  behind  the  third  rib.  The  fan  in  the 
upper  left  has  been  absorbed.  Two  areas 
of  lesser  density,  which  might  be  beginning 
cavitation,  are  seen  behind  the  second  rib, 
upper  left. 

Roentgen  E\aminali07i.  Plates  No. 
2540,  made  October  22,  1921,  show  that  the 
thickened  pleura  now  lies  behind  the 
second  interspace.  The  cavities  are  so 
contracted  that  they  would  probably  be 
overlooked.  Very  little  further  absorption. 

Roentgen  Examination.  Plates  No. 
2-86,  made  March  9,  1922,  show  trachea 
to  the  right.  Thickened  pleura  between  the 
upper  and  middle  right  lobes  is  still  made 
out  behind  the  second  interspace.  Cavities 
have  disappeared,  and  in  the  upper  right, 
only  a  massive  fan  is  noted  in  the  first 
interspace,  and  some  mottling  at  the  apex. 
Great  absorption  of  exudate  is  noted  in 
the  upper  right.  Abnormal  densities  in  the 
middle  right  behind  the  third  rib,  which 
suggest  caseous  bronchopneumonia.  The 
massive  caseous  bronchopneumonia  in  the 
lower  right  has  almost  entn-ely  disappeared. 
Delicate  fans  are  made  out  in  the  verte- 
bral and  first  interspace  trunks  only,  and 
the  exudate  in  the  second  interspace 
trunks  is  almost  absorbed. 

Clinically,  the  case  has  shown  marked 
improvement.  Was  admitted  with  tem- 
perature from  9"  to  102  and  103°  F.; 
weighed  137  lbs.;  sputum  positive.  He 
now  seldom  has  a  temperature  of  over 
99°  F.  and  weighs  152  lbs.  Sputum  nega- 
tive last  month  on  several  examinations. 
Rales,  formerly  heard  throughout,  except 
at  the  left  base,  are  now  very  few,  and 
confined  to  the  upper  lobe. 

Case  IV.  White  male,  aged  twenty- 
three,  (Filipino).  Admitted  October  8, 
1920.  History  of  "colds"  for  several  years. 
Slight  hemorrhages  for  the  past  year. 
Very  little  cough.  \N'assermann  negative. 
Sputum  ncgati\c  on  admission,  positi\e 
once,  about  a  year  later,  after  a  series  of 
hemorrhages. 

Roentgen  Examination.  Plates  No. 
1854,  made  October  21,  1920,  show  lesions 
in\ol\  ing  the  entire  right  lung.  Old  fibrous 


fans  in  the  right  apex  and  in  the  first 
interspace  trunks  of  the  upper  right. 
Caseous  bronchopneumonia  noted  in  the 
second  interspace  trunks,  upper  right. 
The  middle  and  lower  right  lobes  are 
studded  with  small  confluent  areas  of 
caseous  bronchopneumonia.  Some  in  the 
lower  left,  but  not  so  extensive.  Bronchi- 
ectatic  cavity  is  suggested  in  the  first 
interspace  trunks,  upper  right. 

Roentgen.  Examination.  Plates  No. 
2020,  made  February  9,  192 1,  show  that 
the  lesions  in  the  upper  right  are  less 
fan-like.  The  mottling  is  much  finer  in  the 
middle  and  lower  right  lobes.  The  cavity  is 
still  present.  Six  months  later,  during 
three  days  (August  3rd  to  6th)  lost  about 
50  oz.  of  blood.  Temperature  for  about  ten 
days,  1 01  to  100°  F. 

Roentgen  Exainination.  Plates  No. 
2633,  made  December  3,  1921,  show  that 
lesions  on  the  left  side  have  entirely 
disappeared.  The  right  side  shows  great 
absorption.  Definite  fan  seen  behind  the 
first  rib  and  clavicle;  probably  the  first 
interspace  trunks  contain  two  bronchi- 
ectatic  cavities.  Fan  in  the  second  inter- 
space trunks,  coming  to  the  surface  under 
the  fifth  rib.  In  the  middle  right  an  unusual 
area  of  increased  density  invoUes  the 
linear  markings  of  the  upper  branches  of 
the  trunks  coming  to  the  surface  in  the 
third  interspace,  anterior  axillary  line.  The 
rest  of  the  lobe  is  emphysematous.  Fur- 
ther absorption  is  noted  in  the  plates  ot 
February,  1922.  Not  reproduced. 

Case  V.  White  female,  aged  twenty- 
two.  First  plates  were  made  elsewhere  in 
December,  1919,  and  read  at  the  Cincin- 
nati Tuberculosis  Sanatorium.  No.  1763B. 
Plates  are  thin,  and  it  is  impossible  to 
exclude  a  tuberculous  lesion  in  the  left 
apex.  In  the  second  interspace  trunks, 
upper  left,  there  is  a  large  mass  of  exudate 
containing  a  cavity. 

Roentgen  Examination.  Plates  No. 
1-63A,  made  in  August,  1920,  eight 
months  later.  These  plates  show  definite 
lesion  in  the  upper  left  as  suggested  above. 
Definite  diagnosis  not  made  from  the 
plates,  because  the  cavity  is  unusually  large 
for  the  amount  of  fibrosis  in  the  apex. 
Sputum,  a  few  days  later,  contained  tuber- 
cle   bacilli,    onl\'    positi\c    during  period 
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of  obser\ation.  Patient  was  admitted 
August  10,  1920,  and  three  weeks  later 
was  transferred  to  Ohio  State  Sanatorium, 
where  she  remained  under  treatment  for 
thirteen  months. 

Roentgen  Examination.  Plates  No. 
1925,  made  December,  1920,  about  one 
year  after  the  first  set  of  plates,  show 
definite  lesion  in  the  left  apex.  Cavity  in 
the  second  interspace  trunks  has  been 
replaced  by  an  irregular  mass  of  increased 
density  immediately  behind  the  second 
interspace.  This  contains  several  small 
areas  of  decreased  density,  which  might 
be  contracted  cavities. 

Roentgen  Examination.  Plates  No. 
2361,  made  July,  192 1,  show  a  density  in 
the  second  interspace  trunks,  upper  left, 
indicating  more  fibrosis;  and  the  lesions 
in  the  vertebral  and  first  interspace  trunks 
seem  more  active.  Increased  activity  in 
the  right  vertebral  trunks;  decrease  in 
the  second  interspace  trunks. 

Roentgen  Examination.  Plates  No. 
2599,  made  November,  1922.  The  exudate 
in  the  second  interspace  trunks,  upper 
left,  has  been  absorbed  to  a  large  extent. 
The  cavity  is  now  more  definite  and  sug- 
gests greater  fibrosis.  The  fans  in  the 
right  apex  and  second  interspace  trunks, 
upper  right,  are  much  more  definite. 
Patient  continued  to  work  with  no  symp- 
toms of  tuberculosis  until  early  in  Febru- 
ary, 1922,  when  she  suddenly  developed 
pain  in  the  right  side  with  dyspnea  and 
coughing  spells,  but  no  sputum.  Tem- 
perature 103.2°  F. 

Roentgen  Examination.  Plates  No. 
2767,  made  February  22,  1922,  show  that 
the  most  striking  change  is  the  hazy 
density  over  the  right  base.  There  is 
evidence  of  thickened  pleura  over  the 
entire  right  side  and  between  the  upper 
and  middle  right  lobes.  The  diaphragm  is 
drawn  up  and  attached  to  the  lateral  wall. 
The  fan  previously  noted  in  the  right 
apex  is  heavier.  The  fan  in  the  second 
interspace  trunks  is  obscured  by  the  hazi- 
ness just  described.  It  is  impossible  to 
determine  whether  the  density  is  wholly 
due  to  lesions  within  the  pleura,  or  whether 
the  pleuritis  is  the  result  of  inflammation 
within  the  lung.  The  lesion  in  the  left 
lung  has  cleared   up   remarkably.  A  defi- 


nite fan  still  remains  in  the  vertebral  and 
in  the  first  interspace  trunks,  but  the 
cavity  has  greatly  contracted,  so  that 
it  now  seems  to  be  bronchiectatic.  The 
heart  Is  not  drawn  to  the  right.  Needle 
was  introduced  into  the  chest,  but  no 
fluid  was  obtained.  The  temperature  came 
down  very  quickly  and  in  about  a  month, 
became  normal.  The  patient  was  dis- 
charged April  1st,  and  returned  to  work. 

Just  before  discharge,  Plates  No.  2847 
were  made.  The  fans  described  on  the 
right  side  are  now  seen  only  with  diffi- 
culty. There  is  still  some  pleural  thick- 
ening between  the  upper  and  middle  right 
lobes.  The  diaphragm  is  attached  to  the 
anterior,  lateral  and  posterior  walls.  The 
lower  and  middle  right  lobes  are  com- 
pressed by  thickened  pleura.  The  heart  is 
now  beginning  to  be  drawn  to  the  right. 
Definite  thickening  of  the  linear  markings 
of  the  middle  and  lower  right  lobes. 

Primarily,  the  lesion  at  the  right  base  is 
a  pleuritis.  The  extent  of  the  inflammation 
within  the  lung  is  not  determined,  and  the 
question  arises:  What  form  of  pleurisy  may 
occur  without  fluid  which  would  cause 
such  marked  change?  It  is  now  impossible 
to  say  that  there  is  a  definite  fan  in  the  left 
apex.  The  lesion  in  the  second  interspace 
trunks  shows  only  an  old  contracted  fan 
reaching  the  lateral  wall,  posterior  axillary 
line.  Enlarged  bronchi  are  noted,  but  there 
is  no  evidence  of  a  bronchiectatic  cavity. 

Roentgen  Examination.  Plates  No. 
3 1 4-,  made  July  29,  1922,  the  last  set  of 
plates  made,  show  that  the  remarkable 
change  previously  noted  continues  to  be 
seen  on  the  right  side.  The  pleura  is 
thickened  from  apex  to  base.  The  right 
diaphragm  is  lower  than  on  the  previous 
plates.  The  pleura  is  definitely  thickened 
between  the  upper  and  middle  right  lobes. 
Slight  increased  density  at  the  right  base 
may  be  due  to  previous  compression  of  the 
lung,  or  to  some  inflammation  within  the 
lung.  This  density  is  not  characteristic  of 
tuberculosis.  No  apical  changes  are  noted. 
On  the  left  side,  a  delicate  fan  is  noted  in 
the  apex,  and  another,  involving  the 
posterior  branches  of  the  first  interspace 
trunks.  These  are  quite  characteristic  of 
tuberculosis.  The  large  mass  of  increased 
density,  so  frequently  noted  in  the  second 
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interspace  trunks,  anterior  branches,  which 
previously  contained  a  cavity,  now  has  the 
appearance  of  a  contracted  fan  with 
heavy     striations     of    connective     tissue. 

Case  VI.  White  female,  aged  twenty- 
two  when  first  admitted,  in  April,  1918. 
Nothinp;  unusual  regarding  history,  which 
extended  over  a  period  of  about  eight 
months.  Beside  the  usual  history  ol  cough 
and  expectoration  with  loss  of  weight  and 
strength,  she  had  hemorrhages  of  2  to  4  oz. 
in  the  four  months  preceding  admission. 
About  three  months  after  admission,  she 
had  a  series  of  hemorrhages,  amounting  in 
all  to  about  39  oz.,  and  extending  over  a 
period  of  less  than  ten  days.  Physical 
examination  and  history  indicate  the 
same  impro\ement  as  that  shown  by  the 
x-ray  plates.  About  the  time  the  first 
plates  were  made,  rales  were  heard  through- 
out the  left  lung,  and  signs  of  cavity 
found.  These  were  not  as  typical  as  would 
be  expected  from  the  .\-ray  plates.  Sputum 
positive,  has  recently  been  negative.  On 
admission,  patient  weighed  99  lbs.;  present 
weight,  123  lbs. 

Ri)enli>en  Examination.  Plates  No. 
1 48 1,  made  in  May,  19 19,  show  in  the 
right  side  a  slight  clouding  in  the  linear 
markings  of  the  vertebral  and  first  inter- 
space trunks.  The  linear  markings  m  the 
second  interspace  trunks,  behind  the 
second  and  third  interspaces  and  the  niid- 
lobe  trunks  behind  the  fourth  and  fifth 
interspaces  are  studded,  suggesting  bron- 
chopneumonia. A  definite  fan  of  increased 


density  occupies  the  linear  markings  of  the 
vertebral  trunks,  upper  left.  A  circular 
area  of  increased  density,  lying  with  its 
rim  close  to  the  chest  wall  just  inside  the 
third  rib,  is  noted  on  the  left  side.  This 
appears  to  be  a  cavity. 

Roentgen  Examination.  Plates  No. 
1672,  made  a  year  later,  show  most  exten- 
sive lesions  still  in  the  upper  left.  Definite 
lesions  are  noted  in  the  left  apex  and  in 
the  second  interspace  trunks  posteriorly 
just  above  the  fifth  rib.  In  the  upper  left 
posteriorly,  there  is  an  area  ot  decreased 
densit\',  surrounded  by  increased  density, 
which  might  be  the  result  of  a  cavity.  Slight 
apical  lesions  are  noted  in  the  upper  right. 

Roentgen  Examination.  Plates  No. 
3138,  the  third  set,  were  made  in  July, 
1922.  No  evidence  of  abnormal  density  is 
now  seen  on  the  right  side  except  along 
the  vertebral  and  first  interspace  trunks. 
The  old  fans  are  becoming  more  and  more 
contracted  in  both  apices  and  in  the  second 
interspace  trunks,  upper  left. 

CONCLISIOX 

We  regret  that  we  ha\e  not  ^■erified 
Gardner's  work  by  pathological  research 
upon  human  lungs,  but  we  feel  that  his 
statement,  "Caseous  tubercle  can  heal  by 
resolution  and  finally  disappear  com- 
pletely," is  correct;  and  further,  that  such 
frequently  occurs  in  man.  Absorption  ot 
tuberculous  exudate  may  change  a 
desperate  to  a  more  favorable  prognosis. 
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BY    REGINALD    MORTON,    M.D. 
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DEEP  .v-ray  therapy  is  primarily  a 
question  of  .v-ray  dosage,  since  it  is 
definitely  proved  that  under  certain  weli- 
delincd  conditions  an  abnormal  ceil  will 
die  after  an  exposure  to  the  x-rays  that  is 
insufficient  to  destroy  normal  cells.  Purely 
superficial  conditions  are  easiest  to  deal 
with,  but  central  lesions  take  longer, 
though  not  difficult  to  treat.  Subcutaneous 
lesions  are  the  most  dithcult  of  all. 

I.  Primary  Radiation.  Almost  any  type 
of  radiation  from  a  tube  of  not  less 
than  medium  hardness  will  give  a  good 
result  if  correctly  used,  but  if  the  lesion 
has  any  appreciable  thickness,  or  is  placed 
at  an  appreciable  distance  beneath  normal 
skin,  the  whole  problem  is  completely 
changed. 

Whatever  type  of  radiation  is  used,  there 
is  a  limit  of  skin  tolerance  that  must  not 
be  exceeded.  For  any  given  dose  at  any 
gi\en  depth  this  limit  is  reached  sooner 
when  the  tube  is  softer  (longer  wave-length 
radiation  is  easily  absorbed).  To  increase 
the  depth-dose  we  require  "hard"  (short 
wave-length)  tubes,  with  a  suitable  filter 
to  absorb  all  the  longer  wave-lengths,  and 
a  resultant  beam  of  radiation  that  for  all 
practical  purposes  is  homogeneous.  If 
the  beam  is  not  homogeneous,  not  only  is 
the  discrepancy  between  the  deep  and 
superficial  doses  undesirably  large,  but 
it  is  almost  impossible  to  estimate  the 
dose  at  any  given  depth  with  even  approx- 
imate accuracy.  Without  an  exact  calcula- 
tion, the  dosage  cannot  be  other  than 
haphazard — pure  guess-work. 

Again,  if  we  alter  the  wave-length  w  ith 
which  we  are  working,  not  only  is  it 
necessary  to  alter  the  absorption  factor 
of  the  filter,  so  as  to  get  homogeneous  rays. 


So  much  for  the  primary  radiation  from 
the  .v-ray  tube,  which  is  quite  different 
from  that  which  gives  the  best  results  in 
diagnosis;  and  probably  few  things  have 
done  more  to  delay  the  advance  of  x-ray 
therapeutics  than  the  demand  for  equip- 
ment adaptable  for  both  purposes.  The 
conditions  are  quite  different  and  cannot 
be  met  in  one  apparatus  without  detri- 
ment to  one  or  the  other,  or  to  both! 

2.  Secondary  Radiation,  Including  Scat- 
tered Primary  Rays.  This  radiation  set 
up  by  the  primary  ray  on  whatever 
it  falls,  is  a  nuisance  in  diagnosis,  but  an 
important  ally  in  therapeutics.  It  is 
difficult  to  measure  with  any  accuracy, 
but  we  know  that  at  any  given  depth  it 
increases  directly  (a)  with  hardness  of  the 
tube,  and  (6)  with  the  size  of  the  field 
irradiated,  within  limits. 

The  increase  accompanying  the  more 
penetrating  type  of  radiation  may  be  due 
to  the  larger  percentage  arri\-ing  at  any 
given  depth,  or  it  may  be  that  the  shorter 
wave-lengths  more  readily  excite  secondary 
radiation;  possibly  a  combination  of  both. 
These  matters  may  be  left  to  the  physicist, 
but  it  has  been  found  that  while  the  secon- 
dary radiation  increases  rather  rapidly  as 
we  increase  the  hardness  of  the  tube  up  to 
a  point  where  a  voltage  of  about  200,000 
is  necessary  to  keep  the  tube  in  action, 
this  increase  no  longer  keeps  the  same 
relation  to  the  voltage  as  this  point  is 
passed,  and  we  add  much  to  the  problem 
of  heat-dissipation  without  sufficient  gain 
in  other  ways.  I  refer  particularly  to  "gas" 
tubes.  It  is  possible  that  with  special 
Coolidge  tubes  and  voltages  of  500,000  or 
more,  conditions  will  be  sensibly  improved. 

The  increased  irradiation  of  any  point 


but  we  also  alter  the  percentages  of  the  that  follows  an  enlargement  of  the  irra- 
diated field  surrounding  it,  will  continue 
so  long  as  some  part  of  the  secondary 
radiation  at  the  periphery  can  overcome 
the  loss  by  dispersion  and  absorption  on 
its  way  to  the  center.  No  advantage  can 
follow    an    enlargement    of    the    field    of 

irradiation  beyond  this  point. 

16, 1922. 


skin  dose  delivered  at  any  given  depth. 
Consequently,  if  we  desire  to  administer 
doses  of  .v-rays  to  any  lesion  with  sufficient 
accuracy,  we  must  use  homogeneous  rays, 
all  the  factors  concerning  which  have 
been  fully  worked  out,  and  we  must  stick 
to  that  particular  type  of  radiation. 

*  Read  at  the  Twenty-third  Annual  .Meeting  of  The  .\.mericax  Roentgen-  Ray  Society.  Los  .A.ngeles,  Calif.,  Septemtei  I 
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It  is  here  that  the  splendid  charts  by 
Dessauer  come  to  our  aid.  With  them  we 
can  so  modify  our  technique  as  to  get  even 
irradiation  of  any  lesion  of  reasonable 
size  at  any  depth  usually  found  in  medical 
work. 

These  charts  are  an  inestimable  boon 
to  the  radiotherapist.  The  broad  principle 
taught  by  them  is  the  importance  of  the 
secondary  radiation  and  how  by  proper 
adjustment  of  the  size  of  the  field  irradiated 
we  gain  an  almost  complete  control  over 
our  dosage. 

With  this  brief  sketch  of  the  physical 
conditions  underlying  .v-ray  therapy,  let 
us  now  consider  the  biological  aspects 
of  the  problem.  Here  I  would  like  to  pay 
a  most  generous  tribute  to  the  magnifi- 
cent work  done  at  Erlangen  by  Professors 
Seitz  and  Wintz,  and  their  able  staff  of 
assistants.  They  have  evolved  what  may 
justly  be  described  as  the  first  complete 
system  of  x-ray  therapy  having  a  sound 
physical  and  biological  basis.  It  is  not  the 
last  word  on  this  subject,  nor  has  it  ever 
been  claimed  to  be  the  long-sought  "cure 
for  cancer,"  by  anyone  competent  to 
speak  with  authority.  Nevertheless,  it  is 
the  first  real  step  towards  that  end,  and 
in  all  probability  will  eventually  lead  to 
the  discovery  of  some  technique  that 
may  be  regarded  as  a  cure,  within  certain 
limits.  Indeed,  there  are  signs  even  now 
that  we  are  not  so  very  far  away  from 
that. 

While  it  has  been  well  known  for  a  long 
time  that  living  tissues  undergo  certain 
changes  after  exposure  to  the  x-rays  and 
that  some  kinds  are  more  sensitive  than 
others,  it  is  only  in  recent  years  that  our 
knowledge  has  attained  some  degree  of 
precision.  The  changes  seem  to  be  prima- 
rily in  the  nucleus,  in  the  matter  of  chro- 
matin. The  nucleus  is  the  most  highly 
organized  part  of  a  cell,  and  chromatin  is 
radio-sensitive.  The  nucleus  disintegrates, 
the  cell  vacuolates,  and  finally  breaks  down 
and  is  carried  away  by  the  lymphatics. 
But  the  changes  are  brought  about  more 
readily  in  abnormal  cells:  the  more  embry- 
onic the  type  the  more  susceptible  is  it  to 
radiation.  The  most  susceptible  period  in 
the  life-history  of  any  cell  is  when  it  is 
undergoing  division. 


At  present  we  require  some  unit  of 
dosage,  and  the  one  that  seems  to  be  most 
firmly  established  is  the  Unit  Skin  Dose 
of  Seitz  and  Wintz.  Working  under  their 
prescribed  conditions,  which  are  easily 
reproducible  with  the  equipment  that  they 
have  evolved,  this  dose  gives  rise,  after 
about  five  days,  to  a  slight  hyperemia 
which  gradually  subsides,  leaving  the  skin 
undamaged  though  pigmented  or  "tanned." 
Taking  this  U.S.D.  as  lOO  per  cent,  the 
limit  of  tolerance  is  as  follows: 

Muscle  1 80  per  cent. 

Intestine  135  per  cent. 

Ovary  35  per  cent;  temporary,  28  per 
cent. 

Tuberculosis  50  per  cent. 

Sarcoma  60  to  70  per  cent. 

Carcinoma  90  to  120  per  cent.  Forty  per 
cent  stimulates;  60  to  90  per  cent  paralyzes. 

Non-malignant  growths,  such  as  ade- 
noma of  the  prostate,  require  a  full  U.S.D. 
because  the  cells  are  nearly  normal  and 
less  embryonic. 

Of  malignant  growths,  the  carcinoma- 
tous type  is  the  most  resistant,  and  the 
hard,  slowly  growing,  scirrhous  type  is 
more  resistant  than  the  soft  encephaloid. 
A  90  per  cent  dose  may  do  for  the  latter; 
the  former  requires  no  or  even  120  per 
cent. 

While  sarcomatous  growths  respond 
more  easily,  this  advantage  is  more  than 
neutralized  by  the  proneness  of  the  type 
to  early  dissemination.  It  is  probable  that 
this  process  has  already  begun  in  the  great 
majority  of  cases  before  they  come  under 
treatment. 

With  regard  to  cases  of  localized,  non- 
septic  tuberculous  lesions,  such  as  cervical 
glands,  bones  and  joints  in  young  subjects, 
I  believe  there  is  a  large  field  of  usefulness 
here  for  intensive  x-ray  treatment,  and  I 
understand  some  very  excellent  results 
have  been  obtained.  I  ha^•e  not  given  any 
myself. 

Measurement  is  carried  out  by  means 
of  the  iontoquantimeter,  or  it  can  be  done 
with  Kicnboeck's  Strips.  Dosage  is  con- 
trolled by  time  alone,  once  the  activity  of 
the  tube  has  been  ascertained.  Tubes 
should  be  recalibrated  after  each  twenty 
hours  of  use. 
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Coming  to  more  practical  details,  let  us 
first  consider  those  conditions  that  make 
lor  success: 

1.  General  health  practically  unim- 
paired; normal  red  count.  Never  irradiate 
if  reds  are  below  4  millions;  or  if  there  is 
marked  anemia  or  cachexia.  A  full  irradia- 
tion may  cause  a  fall  of  20  per  cent  with 
an  average  of  about  10  per  cent. 

We  must  keep  in  mind  the  fact  that 
there  is  neither  miracle  nor  mystery  in 
this  procedure.  The  most  that  irradiation 
can  do  is  to  turn  the  scale  in  favor  of  the 
patient,  or,  to  put  it  another  way,  to  help 
Nature  to  help  herself.  The  cure  has  to  be 
done  by  the  patient's  own  vital  processes, 
and  these  cannot  work  efficiently  in  the 
absence  of  a  rich  blood  supply. 

2.  The  lesion  must  be  localized  to  a 
reasonably  small  area,  with  no  wide  local 
extensions.  No  treatment  can  be  of  any 
avail  in  saving  the  life  of  the  patient,  once 
general  dissemination  has  begun. 

3.  Every  part  of  the  growth  must  be 
accurately,  evenly,  and  thoroughly  irra- 
diated; the  x-ray  technique  must  be 
perfect. 

4.  The  general  health  must  be  carefully 
looked  after  during  the  subsequent  weeks. 

If  all  these  conditions  are  present  in  any 
given  case,  it  may  be  laid  down,  at  least 
as  a  broad  principle,  that  the  abnormal 
growth  will  disappear.  This  is  essentially 
as  stated  by  Wintz,  and  though  I  rarely 
get  cases  under  these  favorable  conditions, 
my  experience  enables  me  to  accept  it. 

There  is  an  important  point  that  must 
not  be  overlooked.  A  large  number  of  the 
cases  that  come  to  us  are  recurrences  after 
surgical  operation.  These  are  not  so  favor- 
able for  us.  Successful  irradiation  depends 
on  a  normal  vital  reaction,  increased  blood 
supply,  leucocytosis,  phagocytosis,  etc., 
with  free  blood  and  lymph  circulations. 
This  is  impossible  in  an  area  that  has  been 
the  site  of  a  more  or  less  extensive  surgical 
procedure.  Circulations  are  but  partly 
restored,  and  vital  reactions  are  inefficient. 

TECHNIQUE 

In  practical  work  we  are  bound  by  cer- 
tain limitations.  No  skin  area  or  other 
normal  structure,  as  far  as  possible,  is 
to  receive  more  than  the  U.S.D.  Not  that 


a  moderate  overdose  would,  in  itself,  con- 
stitute a  grave  injury;  the  sharp  local 
reaction  following  such  is  far  removed  from 
the  -X-ray  burn  of  former  days,  when  filters 
were  inadequate  (if  we  used  any  at  all) 
to  stop  all  the  softer  rays. 

Overdoses,  and  also  normal  doses  if 
repeated  three  or  four  times,  bring  about 
an  obstinate  local  edema  that  is  as  undesir- 
able as  it  is  unique.  These  hard  rays  seem 
to  have  a  special  action  on  the  local 
lymphatic  circulation;  it  is  particularly 
noticeable  when  treating  lesions  of  the 
neck  and  maxillary  regions.  I  have  fre- 
quently seen  a  well-marked  local  edema 
come  on  during  a  first  irradiation.  It  is  not 
painful,  and  usually  subsides  after  some 
hours,  but  for  the  time  the  outline  of  the 
face  is  quite  altered.  Occasionally,  it  is  so 
slight  that  it  may  escape  notice.  If  notice- 
able on  a  first  irradiation  it  will  be  more 
noticeable  on  subsequent  ones — progres- 
sively. The  edema  of  o\er-irradiated  skin 
gives  the  patient  a  feeling  of  "tightness;" 
the  skin  is  not  painful  or  seriously  dis- 
colored, but  is  smooth,  hairless,  and  of  a 
firm  boggy  texture  that  pits  readily  on 
pressure,  and  can  be  pushed  up  into 
ridges  which  take  some  time  to  disappear. 

There  is  no  doubt  that  the  local  lym- 
phatic circulation  has  been  profoundly,  and 
probably  permanently,  altered,  and  I  feel 
sure  it  is  a  condition  we  should  try  to 
avoid,  since  we  depend  so  much  on  efficient 
local  circulation  for  our  results.  Overdosing 
is  inadmissible  at  all  times  and  in  all 
places. 

The  next  difficulty  is  the  loss  of  radia- 
tion, between  the  surface  and  the  lesion 
beneath,  by  (a)  dispersion,  and  (6)  absorp- 
tion. These  are  known,  are  constant  and 
easily  ascertainable,  and  need  not  detain  us 
for  the  present.  I  would,  though,  remind 
you  of  the  percentages  in  a  typical  case  at 
the  different  levels  below  the  skin,  taking 
the  dose  on  this  as  100  per  cent.  They  are  at 
centimeter  intervals — 80,  65,  55,  46,  39, 
34,  30,  26,  23,  20  (these  approximate  whole 
numbers,  fractions  being  ignored).  The  point 
to  be  remembered  is  that  as  we  get  further 
down,  the  radiation  tends  to  become  more 
uniform.  So  far  as  experiments  have  gone 
up  to  the  present,  the  depth  percentages 
are  not  relatively  increased  by  the  use  of 
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higher  voltages  and  harder  tubes  than  those 
normally  used  at  Erlangen.  Recent  modifi- 
cations have  made  it  possible  to  reduce  the 
time  of  exposure  by  approximately  30 
per  cent,  but  the  depth  percentages  remain 
sensibly  unaltered.  Loss  by  dispersion  can 
never  be  altered,  and  the  factors  of  absorp- 
tion and  secondary  radiation  are  not 
sensibly  affected  by  moderate  increase  ot 
v'oltage.  Possibly  an  equipment  designed  to 
work  successfully  at  500,000  volts  may  so 
reduce  exposures  and  increase  depth  per- 
centages that  we  can  treat  two  patients  in 
the  time  we  now  take  to  treat  one. 


when  we  are  dealing  with  living  tissues? 
It  would  be  very  nice  if  we  could  snap-shot 
our  cases  in  the  way  we  take  our  holiday 
photographs,  but  there  is  a  diflerence,  and 
I  feel  that  within  limits  a  certain  length  of 
time  is  advisable  and  necessary.  Living  cells 
are  far  removed  from  photographic  films; 
there  is  all  the  difference  between  vitro  and 

VIVO. 

As  I  stated  in  the  beginning  of  this 
paper,  superficial  conditions  are  easy  to 
deal  with.  If  the  skin  only  is  involved  we 
can  obtain  a  very  even  irradiation  by  a 
long    focal-skin    distance,    increasing    the 
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This  would  be  a  decided  practical  ad\an- 
tage,  and  it  is  not  improbable  that  the 
blood  would  suffer  less  by  virtue  of  the 
shorter  time.  For  the  present  I  think  it 
better  to  continue  on  the  lines  laid  down 
at  Erlangen,  if  only  for  the  high  degree  of 
accuracy  in  dosage  it  gives  us.  It  is  being 
steadily  improved  in  details,  and  even 
now  gives  some  splendid  results  when 
accurately  carried  out  in  suitable  cases 
and  under  faxorablc  conditions. 

There  is  another  point  I  would  like  to 
raise.  Speed  is  the  great  desideratum  in 
most  of  our  services;  arc  we  quite  sure  of 
the  wisdom   of  pushing  this  to  the   limit 
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time  as  the  scjuare  of  the  distance.  The 
slight  loss  by  dispersion  and  absorption 
is  partly  made  up  by  the  secondary 
radiation  from  the  tissues  beneath;  up  to 
a  point  the  same  applies  to  lesions  less  than 
about  2' 2  cm.  from  the  surface,  but  even 
accurate  dosage  is  difficult  and  the  results 
are  inferior. 

Central  lesions  are  probably  the  easiest 
to  treat  with  accuracy'.  Having  ascertained 
our  depths,  and  knowing  the  percentages 
from  each  port  of  entry,  we  attack  the 
lesion  from  as  man\  points  as  are  necessary 
to  build  up  the  desired  dose;  by  using  one 
or  two  extra  ports  of  entry  we  can  propor- 
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tionately  reduce  the  time  For  each,  gi\  Ing 
less  than  the  full  skin  dose.  No  skin  reac- 
tion follows,  and  the  same  areas  may  be 
used  again  without  risk  of  permanent 
iniury,  such  as  the  edema  to  which  I  have 
referred.  So  long  as  we  know  the  activity 
of  the  tube  with  which  we  are  working, 
the  site  and  extent  of  the  lesion,  and  ha\e 
an  accurate  knowledge  of  topographical 
anatomy,  the  treatment  of  central  lesions 
is  a  perfectly  straightforward  matter. 

As  I  have  already  stated,  the  difficult 
cases  are  those  semi-superficial  ones  where 
we  are  limited  practically  to  one  port  of 
entry,  and  particularly  when  the  lesion  is 
situated  in  those  parts  of  the  body  having 
an  irregular  contour,  such  as  the  jaws, 
neck,  female  breast,  \ulva,  and  anus. 
In  addition  to  the  difficulties  due  to 
locality,  lesions  involving  or  communicat- 
ing with  the  various  apertures  have  the 
further  complication  of  sepsis,  and  a  very 
formidable  one  it  is. 

For  a  long  time,  the  general  method  of 
treating  these  lesions  was  that  of  "distant 
radiation,"  where  the  anticathode  was 
placed  at  any  distance  up  to  100  cm.  from 
the  surface,  the  time  of  exposure  extending 
from  SIX  to  ten  or  tweKe  hours. 

Placing  the  tube  far  away  helps  us  in  two 
ways.  It  not  only  lessens  the  influence  of 
contour  irregularities,  but  also  makes  the 
depth  percentages  more  favorable  and 
more  uniform.  This  is  all  to  the  good,  and 
while  some  excellent  results  have  been 
obtained,  there  is  much  room  for 
impro\ement. 

We  have  seen  that  it  is  more  easy 
accurately  to  irradiate  central  lesions; 
also  that  the  deeper  down  we  go,  the  more 
uniform  is  the  irradiation.  If  we  could 
temporarily  convert  our  superficial  or 
semi-superficial  lesion  into  a  central  one, 
from  a  radiological  point  of  \"iew, 
many  of  our  difficulties  would  vanish. 
Fortunately,  this  is  not  beyond  us.  Sup- 
posing the  lesion  is  i  cm.  below  the  surface, 
and  that  we  place  between  the  applicator 
and  the  surface  a  block  10  cm.  thick  of 
some  material  having  the  same  absorption 
and  secondary  radiation  value  as  normal 
tissues.  Several  substances  answer  to  these 
requirements;  water  is  one,  though  per- 
haps   not    the    most    convenient    to    use; 


paraffin  wax,  beeswax,  and  dough  made 
from  ordinary  flour  are  all  suitable.  Gas- 
man of  Antwerp  makes  first  a  sort  of  shell 
mold  of  the  part  with  softened  paraffin 
wax.  This  we  may  call  the  negative.  From 
this  an  assistant  makes  a  positive  in  plaster 
of  Paris.  From  the  latter  he  makes  the 
final  negative,  casting  it  in  two  halves  in 
a  proper  molding  box.  When  the  patient 
comes  for  treatment  the  part  is  enclosed 
in  this  mold  and  treated  as  for  a  central 
lesion.  In  this  way  he  gets  a  wonderfully 
even  irradiation  of  these  superficial  lesions 
and  more  satisfactory  results. 

Many  cases  can  be  treated  on  this  prin- 
ciple without  the  trouble  of  making  the 
mold.  Returning  to  the  lesion  I  have  just 
instanced,  with  10  cm.  of  wax  between  the 
skin  and  the  applicator,  we  know  the  per- 
centage we  get  at  this  depth,  say  20  per 
cent.  Therefore,  we  can  expose  five  times 
as  long  before  we  get  the  U.  S.  D.  at  the 
skin  surface,  and  we  will  find  that  we  have 
got  over  90  per  cent  at  i  cm.  below  the 
surface  instead  of  just  under  80  per  cent 
when  the  applicator  was  in  contact  with 
the  skin.  This  is  nearly  as  much  as  we  want, 
and  an  application  from  the  opposite  side 
or  other  con\enient  angle  soon  completes 
the  dose.  In  practice,  we  use  as  many 
ports  of  entry  as  con\enient  and  equalize 
the  portions  of  the  dose  among  them. 

A  set  of  wax  blocks  of  \arious  sizes  and 
thickness  are  invaluable  and  will  ob\iate 
the  necessity  for  elaborate  molds.  For 
very  irregular  surfaces  the  inequalities 
can  be  first  leveled  up  with  a  dough  made 
of  flour  and  starch  paste.  The  latter  gives 
It  a  firmness,  pliability,  and  freedom  from 
stickiness  that  is  very  desirable.  Wax 
blocks  are  then  piled  up  to  such  depth 
as  is  desired. 

Here  is  a  field  for  exercise  of  some  inge- 
nuity; we  want  some  ever-ready,  convenient 
means  of  enclosing  these  lesions  in  a 
medium  that  complies  with  our  require- 
ments. What  about  water-containers  with 
sides  or  ends  made  of  thin  rubber  so  as  to 
be  easily  adaptable  to  surface  irregulari- 
ties? Again,  why  not  some  material  like 
"Plasticine"  that  could  be  molded  at 
will? 

Plasticine  in  its  present  form  is  not 
suitable,  owing  to  its  very  high  absorption. 
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due  to  the  presence  of  materials  of  high 
atomic  weight.  Perhaps  the  makers  ot 
this  material  could  provide  a  special 
mixture  answering  our  requirements;  one 
that  w^ould  be  easy  to  mold,  clean  to 
handle,  and  yet  sufficiently  firm  to  retain 
its  shape  at  normal  body  temperature. 
This  subject  is  worthy  of  attention,  and  I 
hope  something  will  be  done  without  long 
delay. 

Before  I  close,  there  is  a  question  I  would 
like  to  ask.  As  is  well  known  from  past 
experience,  repeated  fractional  doses  ot 
x-rays  have  an  inhibitory  influence  on 
cancer  cells,  but  if  we  increase  either  the 
individual  doses  or  the  frequencj^  of 
their  administration,  so  that  the  cumula- 
tive effect  reaches  a  certain  point,  such 
cells  are  stimulated  to  active  proliferation, 
and  may  bring  about  a  visible  increase  of 
the  tumor  within  twenty-four  hours.  Are 
there  not  certain  circumstances  where  we 
might  turn  this  property  to  good  account? 
Some  cancerous  growths  are  very  resistant 
to  radiation — probably  because  they  are 
made  up  of  a  more  fixed  type  of  cell.  We 
know  that  cells  are  more  vulnerable  while 
undergoing  di\ision;  why  not  give  such 
a  growth  a  stimulating  dose  first  so  as  to 
bring  on  proliferation?  Then,  as  soon 
as  this  is  established,  irradiate  again  right 
out  to  the  full  lethal  dose.  Naturally,  the 
scheme  is  applicable  to  a  limited  number 
of  cases,  but  I  am  rather  attracted  to  it. 
Some  may  consider  it  too  risky,  but  after 
all,  what  are  the  circumstances? 

Is  it  not  the  case  that  the  patient  with 
malignant  disease  is  fairly  "up  against  it" 
for  his  very  life?  Is  it  not  also  the  case 
that,  with  deplorably  few  exceptions,  the 
patient  with  malignant  disease  dies  of 
that  disease?  So  long  as  we  have  knowl- 
edge and  experience  of  what  we  are  doing, 
are  we  not  justified  in  taking  these  risks 
on  behalf  of  our  patient?  I  think  this  point 
is  one  worthy  of  discussion. 

One  more  detail  before  I  close.  There  is  a 
tendency  among  medical  men  generally, 
from  which  radiologists  themselves 
are  not  altogether  free,  to  attach  too  great 
importance  to  the  apparatus,  and  too 
little  to  the  man  in  charge  of  it.  We  do 
not  estimate  the  capabilities  of  a  surgeon 
by  the   keenness  of  his  cutting  edges,  or 


even  by  the  extent  of  his  surgical  armamen- 
tarium. I  have  seen  a  lady  walking  about 
Edinburgh,  with  a  scarcely  perceptible 
limp,  whose  astragalus  was  excised,  in  an 
emergency,  by  a  famous  surgeon  personally 
known  to  myself,  with  no  other  tools  than 
his  pocket-knife  and  a  screw-driver!  The 
operation  was  a  brilliant  success  from 
every  point  of  view. 

What  I  want  to  emphasize  is  this, 
particularly  as  regards  .v-ray  therapy.  The 
roentgenologist  who  knows  his  subject, 
and  the  capabilities  and  limitations  of  his 
equipment,  will  always  get  a  higher  per- 
centage of  favorable  results  than  his  intel- 
lectually inferior  colleague  with  the  most 
elaborate  apparatus  available. 

In  conclusion,  and  by  way  of  encourage- 
ment, I  shall  relate  to  you  briefly  the  essen- 
tial details  of  2  or  3  cases  I  have  treated. 
In  the  early  part  of  this  year  a  leading 
London  surgeon  asked  me  to  see  a  lady  with 
a  cancer  of  the  right  breast;  one  of  those 
difiuse,  discolored,  rather  rapidly  growing 
tumors,  with  enlargement  of  the  axillary 
and  infraclavicular  glands.  He  considered 
it  quite  unfavorable  for  operation.  The 
question  was,  could  I  so  far  improve  the 
local  conditions  as  to  make  surgical 
intervention  feasible?  Six  weeks  afterwards, 
glandular  enlargements  had  almost  com- 
pletely vanished  (only  one  irradiation) 
the  tumor  itself  had  disappeared,  had  lost 
all  its  malignant  characteristics  and  the 
breast  itself  was  almost  normal,  except 
for  the  deformity  brought  about  by  the 
shrinkage  of  the  growth.  The  patient  is 
now  wonderfully  well  and  the  question  of 
surgical  operation  has  been  shelved 
indefinitely. 

In  March,  192 1,  a  man  of  forty-two, 
in  a  very  weak  and  emaciated  state,  was 
admitted  to  St.  Bartholomew's  Hospital 
suffering  from  cancer  of  the  esophagus; 
the  obstruction  was  practically  complete 
and  a  gastrostomy  was  done  to  obviate 
death  from  starvation.  He  had  lost  over 
50  lbs.  in  the  previous  five  months.  A 
little  over  a  year  ago  I  gave  him  .v-ray 
treatment  at  the  West  London  Hospital. 
Within  three  weeks,  food  began  to  pass 
through  the  obstruction,  and  a  day  or  two 
later,  he  used  the  gastrostomy  opening 
for  the  last  time.  He  has  had  two  irradia- 
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tions  since;  he  is  now  back  to  his  normal 
weight,  and  when  it  comes  to  putting 
away  a  square  meal,  he  can  keep  his  end 
up  with  the  best  of  them. 

On  St.  Patrick's  day  of  Last  year,  I 
treated  a  gentleman  who,  a  few  weeks 
before,  had  been  opened  up  for  obscure 
abdominal  symptoms.  He  was  sixty-seven, 
with  a  cachectic  appearance,  though  there 
had  been  only  a  moderate  loss  of  weight. 
A  typical  carcinoma  of  the  pancreas  was 
found,  the  opening  was  closed,  and  nothing 
was  done.  He  was  rather  upset  by  the 
treatment  and  was  in  a  feeble  condition 
for  about  three  weeks  afterwards.  He  began 
to  take  food  more  freely,  and  steadily  to 
improve  in  every  way.  At  the  end  of  July 
he  was  going  about  as  usual,  traveling 
frequently  between  London  and  Paris 
without  undue  fatigue,  and  for  the  past 
twelve  months  he  has  not  had  a  single 
unfavorable  symptom. 

In  July,  1921,  a  gentleman  was  brought 
to  me  with  what  had  been  definitely 
diagnosed  by  a  leading  urologist  as  malig- 
nant prostate.  He  had  arrived  at  the 
catheter  stage,  was  slowly  losing  weight, 
and  was  just  beginning  to  show  signs  of  a 
commencing  cachexia.  He  had  only  one 
irradiation.  The  catheter  was  put  away 
five  weeks  later;  he  is  now  quite  well  and 
enjoying  life. 

In  January,  1922,  a  gentleman  was 
examined  roentgenographically  tor  dyspnea, 
among  other  symptoms,  and  was  found 
to  have  a  large  growth  in  the  upper  right 
thorax,  obliterating  the  upper  lobe  and 
bulging  down  over  the  middle  lobe  in 
front.  The  diagnosis  was  a  sarcoma, 
possibly  an  encysted  hydatid,  and  the  case 
was  regarded  for  all  practical  purposes  as 
hopeless.  In  February,  I  was  approached 
on  the  question  of  .v-ray  treatment,  but 
owing  to  his  weak,  emaciated  condition 
and  the  general  seriousness  of  the  case,  I 
had  no  hesitation  in  declining  to  treat  the 
case.  I  felt  that  the  immediate  effect 
would  probably  kill  him. 


He    and    his    immediate    relatixes   were 
quite  alive  to  the  seriousness  of  the  situa- 
tion as  well  as  to  the  reasons  I  gave  for 
advising  against  .\-ray  treatment.  Two  or 
three  days  later  I  was  approached  again 
with  an  urgent  request  to  take  the  case  in 
hand.  The  patient  and  his  friends  took  the 
^•iew  that  if  I  were  correct,  the  worst  that 
could    happen    would    be   an    anticipation 
of  what  seemed  the  inevitable  end,  and  if 
this   did    happen    he   would   prefer   it   to 
lingering  on;  on  the  other  hand,  being  a 
man   with   a   clean   medical   history,  who 
had  always  been  in  excellent  health,  he  felt 
that  he  had  a  chance,  and  was  ready  to 
take  all  risks  if  I  would  consent  to  let  him 
have  "a  run  for  his  money."  There  was, 
of  course,  no  alternative.  He  came  on  a 
stretcher  by  ambulance,  and  it  was  with 
no  small  sense  of  relief  that  I  saw  him 
back  into  the  ambulance  still  alive,  after 
the  treatment  was  over,  which  I  carried 
through    thoroughly    and    completely.     I 
saw  him  a  few  days  before  I  left  London. 
Considering  the  po\erty-stricken  condition 
of  the  Harley  St.  neighborhood,  I  chided 
him  for  lack  of  consideration  in   bringing 
such  a  picture  of  rude,  rugged  health  into 
the  district!  For  the  first  few  days  he  felt 
rather  more  than  usually  prostrated,  but 
this  passed  off.  About  ten  days  later  the 
dyspnea    began    to    subside    and    steady 
general    improvement    set    in,    continuing 
for   several   weeks.   A   second   irradiation 
was  given  in  May,  as  he  seemed  to  have 
arrived  at  a  stationary   condition.  Again 
rapid  improvement  set  in  and  continued  up 
to  the  time  I  last  saw  him — the  day  the 
second    plate    was    taken,    and    a    third 
irradiation  given  to  shrink  up  further  the 
mass  that  still  remained.  At  present  he  looks 
in  perfect  health,  and  goes  about  briskly 
like  any  ordinary  man  of  his  age — forty- 
three.  He  still  refrains  from  his  favorite 
game,   lawn-tennis,   more   out   of  respect 
for   his    medical    advisers    than    from    his 
own  inclinations,  but  quite  thinks  he  will 
have  a  game  before  the  summer  is  gone. 
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Ij^EMALE,  No.  1 03 1 4;  unmarried;  attack  of  asthma  which  nothing  seems 
twenty-two  years  old;  admitted  to  the  to  reheve,  and  on  account  of  which  she 
Robert  W.  Long  Hospital,  September  21,  loses  considerable  weight.  In  the  winter, 
1920;  discharged,  January  8,  192 1;  read-  the  attacks  are  much  less  frequent  and 
mitted.  No.  11039,  February  10,  i92i;died,     are  more  easily  controlled.  Until  the  last 

three  years,  the  asthma  has  been  accom- 
panied by  paroxysms  of  se\"ere  coughing 
which  terminated  with  the  expectoration 
of  large  quantities  of  sputum,  sometimes 
"even  a  quart."  Until  the  last  few  weeks, 
because  of  the  dyspnea,  she  has,  during 
an  attack  of  asthma,  ne\er  been  able  to 
lie  on  her  right  side.  During  the  long, 
severe,  summer  attacks  she  has  no  appe- 
tite, suffers  much  from  gas  on  the  stomach 
and  often,  several  hours  after  eating, 
\omits  undigested  food.  She  sometimes 
can  relieve  the  asthma  by  inducing  emesis. 
She  has  been  so  habitually  constipated 
all  her  life  that  frequently  the  bowels 
have  not  moved  for  a  week  at  a  time,  and 
yet,  until  the  past  two  years,  she  has 
seldom  used  cathartics.  The  straining  at 
stool  has  often  made  an  asthmatic  attack 
worse  but  has  never  precipitated  one. 

During  an  asthmatic  attack,  and  also 
as  the  result  of  exercise  during  the  asthma- 
free  periods,  she  has  complained  of  palpita- 
tion of  the  heart.  Her  lower  extremities 
frequently  have  been  edematous. 

With  the  attacks  of  dyspnea  the  patient 
has  always  had  "asthmatic"  headaches, 
a  severe  throbbing  In  the  temples,  and 
also  other  headaches  which  glasses  have 
rclie\ed.  She  recently  has  had  a  continuous 
supraorbital  pain.  She  has  had  frequent 
attacks  of  vertigo. 

During  the  asthmatic  attacks  she  has 
suffered  from  pollakluria  and  polyuria. 

The  patient  has  never  been  able  to  do 
much  work  or  to  take  exercise.  She  at- 
tended the  common  schools  for  se\  en  >  ears 
and  high  school  for  one  semester. 

Present  Illness.  Her  asthma  has  been 
much  worse  this  winter  than  last;  ne\er- 
theless  It  Is  much  better  than  it  was  last 


April  22,  1921, 

Comjilaint.     Asthma. 

Family  History.  The  patient's  mother, 
aged  forty-four,  is  living,  but  not  well,  for 
she  has  sick-headaches  frequently  and 
gets  tired  and  "feels  badly"  as  the  result 
of  ordinary  household  duties.  Her  father 
has  undergone  seventeen  operations  lor 
a  recurring  growth  in  his  nose,  for  which 
recently  he  has  received  radium  treatment. 
The  patient  is  the  oldest  of  five  children, 
two  brothers  and  two  sisters,  all  of  whom 
are  living  and  well,  and  none  of  whom  ha\e 
had  asthma. 

It  is  interesting  that  her  father's  grand- 
mother, both  of  her  mother's  parents,  two 
of  her  mother's  seven  brothers  and  one  of 
her  mother's  three  sisters  all  suffered  Irom 
asthma. 

Past  History.  When  the  patient  was 
six  months  old  she  fell  from  her  high-chair 
and  "was  unconscious  for  some  time." 
She  had  "  catarrhal  fever"  at  the  age  of 
one  year,  whooping-cough  with  good  re- 
covery at  four  and  measles  at  six.  She 
never  has  had  pneumonia.  She  has,  since 
childhood,  had  frequent  attacks  of 
tonsillitis. 

She  had  her  first  attack  of  asthma,  which 
followed  the  exertion  of  walking  to  \isit 
a  neighbor,  when  she  was  two  and  a  halt 
years  old.  After  that,  the  least  exertion 
or  a  simple  coryza  would  bring  one  on. 
Until  she  was  eleven  years  old  these 
attacks  were  much  worse  In  the  winter 
than  In  the  summer,  and  were  precipitated 
especially  by  exposure  to  cold  air;  but 
during  the  past  ten  years  they  ha\e  been 
worst  during  the  months  of  June,  July, 
August  and  September,  during  which 
months   she  suffers   from   one    continuous 
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summer.  She  has  recently  not  noticed  any 
ditVerence  in  her  breathing  capacity.  She 
must  lie  in  bed  propped  up,  formerly  leaning 
only  on  the  left  side,  but  during  the  past 
few  weeks  has  been  able  to  lean  towards 
the  right  side  also.  She  has  gained  about 
18  pounds  since  last  autumn,  and  now 
weighs  8"  pounds. 

Physical  Examinatiun.  Her  frame  is 
slender,  her  musculature  undeveloped  and 
her  nutritional  condition  poor.  The  skin 
has  a  yellowish  pallor,  but  is  not  jaundiced. 


The  tongue  is  covered  by  a  moist  white 
coating.  There  is  pyorrhea  around  several 
teeth,    especially    the   two    lower   incisors. 

There  is  no  enlargement  of  the  thyroid. 

The  thorax  is  definitely  barrel-shaped, 
and  therefore  appears  relatively  large  for 
the  patient.  It  expands  very  little  on  inspir- 
ation. There  is  a  marked  kyphosis  of  the 
upper  thoracic  spine,  wmged  scapulae 
and  sternum  and  ensiform  so  prominent 
that  the  patient  is  definitely  "pigeon- 
breasted." 


«ik- 


Fig.  I.  Sept.  30,  1920.  Single  lilm  of  the  chest  shows  the 
contour  to  be  barrel-shaped.  The  heart  is  small  and 
hanging,  the  mediastinum  slightly  widened.  There  is 
exaggeration  of  the  hila  and  of  the  linear  markings 
throughout  both  lungs.  On  the  right  is  a  partial 
collapse  of  the  lung,  with  a  pneumothorax.  This  is 
especially  marked  in  the  upper  third  of  chest. 


is 

inelastic 

and 

somewhat 

dry. 

The 

facial  expression 

is  intelligent 

and 

keen, 

but 

shows 

ever\ 

evidence 

of    intense 

suffering. 

The  eyes  are  normal;  the  pupils  react 
to  light  and  accommodation.  The  nasal 
septum  is  deflected  to  the  left  side,  where 
it  presses  against  the  middle  turbinate 
bone.  The  nasal  mucosa  has  a  grayish 
color  and  crusts  which  indicate  an  atrophic 
rhinitis.  The  tonsils,  while  not  very  large, 
are  definitely  infected. 


Fig.  2.  Sept.  30,  ir)2ii.  Sti  iii>  plites  show  same  con- 
dition as  flat  him.  The  pneumothorax  is  clearly 
outlined.  There,  are  some  signs  of  adhesions  because 
of  inability  of  certain  parts  to  collapse.  The  apices 
on  both  sides  show  considerable  exaggeration  of  the 
linear  markings.  The  diaphragms  are  somewhat  fuzzy 
in  outline,  due  to  pleuritis.  Costophrenic  angles  are 
slightly  obliterated.  The  mediastinum  and  heart  are 
displaced  to  the  left.  Both  lungs  show  emphysema. 


During  the  first  of  her  stay  in  the  ward 
she  spent  most  of  the  time  sitting  up  in  bed 
leaning  forward.  Her  dyspnea  was  distress- 
ing; all  the  accessory  muscles  of  respira- 
tion were  in  use.  The  physical  signs  were 
those  of  a  marked  emphysematous  chest 
during  an  attack  of  paroxysmal  asthma; 
that  is,  the  chest  was  definitely  hyper- 
resonant  on  percussion,  the  breath  sounds 
loud,     with     tubular     modification,      and 
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accompanied    by   sonorous    and   whistling 
rales. 

The  point  oJ  maximum  impulse  was 
diffuse,  located  about  4  cm.  from  the 
niidsternal  line  at  the  level  of  the  fifth 
rib.  There  was  some  epigastric  pulsation. 
The  apex  beat  could  not  be  distinctly 
palpated,  but  an  impulse  was  felt  4^2  cm. 
from  the  midsternal  line  in  the  fifth  inter- 
space. The  right  cardiac  border  could  not 
be  well  defined.  There  was  some  retro- 
sternal  dulness.    The    heart   sounds   were 


these  periods,  a  typical  case  of  extreme 
pulmonary  emphysema.  During  damp  peri- 
ods; and  especially  at  night,  she  would, 
for  several  days  at  a  time,  have  frequent 
attacks  of  typical  paroxysmal  asthma  with 
very  sudden  onset,  which  lasted  from  ten  to 
twenty-five  minutes.  The  night-nurse,  sit- 
ting at  her  table  in  the  ward  corridor, 
could  hear  the  asthmatic  breathing  as  it 
began,  and  would  hurry  to  give  her  an 
hypodermic  injection  of  5  minims  of 
adrenalin.  This  was  repeated  often  three  or 


Fig.  3.  Nuy.  29,  1920.  Stereoscopic  plates  show  an 
increase  in  size  of  tlie  right  pneumothorax.  The 
lung    is  collapsed  from  the  first  to  the  fifth  rib. 

distant,  but  clear,  with  the  accentuation 
on  the  pulmonic  second. 

The  upper  limit  of  deep  hepatic  dulness 
is  about  an  inch  above  the  costal  border  in 
the  right  mammary  line.  The  lower  border 
of  the  liver  reached  the  level  of  the  umbil- 
icus in  the  midline. 

There  was  no  general  glandular  enlarge- 
ment. 

During _  her  stay  in  the  hospital  this 
patient  might  for  weeks  be  quite  free  from 
asthma.  She  then  could  walk  around  the 
ward  with  comfort,  was  quite  free  from 
cough  and  could  lie  with  her  head  low, 
although  she  preferred  the  back  of  the 
bed  always  to  be  raised.  She  was,  during 


Fig.  4.  Feb.  14,  1921.  Stereoscopic  plates  of  the  chest 
show  afiiiost  complete  collapse  of  right  lung  with 
exception  of  some  adhesions  in  apex  and  posterior 
lower  lobe. 


four  times  a  night.  During  these  attacks 
her  appearance  was  pathetic;  crouched 
forward  on  the  bed,  blue  from  cyanosis, 
struggling  for  breath,  unable  to  speak  or 
even  to  stir.  Then,  for  a  few  days,  she 
might  not  ha^■e  one  attack. 

October  lo,  1920:  No  reaction  followed 
the  hypodermic  injection  of  1  200  mg.  of  old 
tuberculin. 

October  19,  1920:  The  patient  \\as 
\accinated  with  milk,  egg,  and  tuberculin 
in  the  order  named.  All  were  negati%e. 

October  29,  1920:  The  patient  had  a  very 
severe  attack  of  dyspnea  last  evening  which 
lasted  two  hours  or  more. 
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November  12,  1920:  The  patient's  ton- 
sils were  removed.  They  proved  to  be 
quite  infected.  The  improvement  in  the 
respiratory  symptoms  which  followed  this 
operation,  and  which  lasted  for  several 
days,  was  surprising,  and  high  hopes  were 
entertained  that  a  subsequent  necessary 
operation  on  her  nose  might  bring  still 
greater  relief. 

November  24,  1920:  The  patient  was 
vaccinated  with  the  proteins  of  egg,  wheat, 
and    horse-dandruff.    Two    controls    were 


She  reacted  positively  to  rabbit  hair. 
Staphylococcus  pyogenes  aureus  (slight 
reaction).  Staphylococcus  pyogenes  citrus 
(slight),  salmon  and  tomato;  but  negative 
to  goose-feather.  Staphylococcus  pyogenes 
albus,  rice,  rye,  squash  and  sweet  potato. 

The  patient  says  that  she  has  handled 
rabbits  and  does  not  believe  they  aggravate 
her  condition,  while  goose-feathers  have 
caused  violent  paroxysms  of  asthma.  She 
was  sure  that  tomato  soup  has  on  many 
occasions  benefited  her. 


Fig.  5.  Mar.  12,  1921.  Stereoscopic  plates  of  chest  show 
a  slight  change  in  the  right  chest,  the  lung  having 
expanded  slightly  in  the  region  of  the  sixth  and 
seventh  interspaces.  The  upper  and  anterior  chest 
walls  show  a  peculiar  elongated  dark  shadow  which 
appears  as  a  tear  in  the  parietal  pleura.  There  are 
adhesions  around  it.  Interpretation  of  this  seems 
difficult.  The  left  border  of  the  mediastinum  shows 
some  increase  of  air,  there  being  a  dark  shadow  that 
seems  to  cap  the  heart. 

made  in  each  case,  each  i'^>  in.  on  both 
sides  of  the  original  \accination.  Neither 
the  egg  nor  the  wheat  gave  any  reaction, 
but  the  horse-dandruff  gave  a  distinct 
reaction,  a  wheal  1,12  in-  i"  diameter 
rising  around  the  original  point  of 
vaccination. 

No  reaction  followed  the  subdermic 
injection  of  an  autogenous  vaccine  pre- 
pared from  the  bronchial  sputum. 


Fig.  6.  Stereoscopic  plates  of  the  chest  show  about  the 
same  condition  of  right  chest,  with  possibly  slight 
increase  in  fibrosis.  The  area  described  in  last  exami- 
nation as  a  tear  of  parietal  pleura  located  in  upper 
anterior  chest  has  increased  in  size  until  now  it 
covers  an  area  of  considerable  size. 

December  14,  1920:  The  tests  were 
slightly  positive  for  the  proteids  of  wheat, 
oyster,  peanut,  pork  and  casein;  distinctly 
positive  for  cat-hair  (3  plus),  cattle-hair 
(3  plus),  potato  (?),  Brazil  nut,  carrot  (?) 
and  cheese  (?);  but  negative  for  turkey, 
veal,  EngUsh  walnut,  pea,  bluefish  and 
buckwheat. 

December  i",  1920:  The  protein  tests 
for  lentil,  lamb,  lima  bean,  lobster,  mack- 
eral,  mustard,  corn,  crab,  eggplant,  egg 
white,  egg  yolk  and  lactalbumin  all  were 
negative. 
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November  24,  1920:  A  right-sided  partial 
pneumothorax  was  unexpectedly  discov- 
ered by  means  of  roentgenograms.  These 
plates  had  been  taken  as  a  matter  of 
routine.  In  tracing  back  her  history,  no 
clue  could  be  obtained  as  to  the  date  of 
origin  of  this  condition.  Indeed,  it  may 
have  been  present  for  a  long  time.  This 
discovery  led  to  several  much  more  care- 
ful examinations  of  the  chest.  It  was 
thought  possible  that  the  right  side  did  lag 
a  little  in  the  movements  of  respiration, 
and  that  the  interspaces  on  the  right  side 


Fig.  7.  Apr.  23,  i'j2i.  btciuoicupic  lilms  ol  cncst,  post- 
mortem, show  the  same  extensive  pneumothorax  and 
■idhesions  on  the  right,  with  the  heart  and  medias- 
tinum displaced  to  the  left.  There  is  a  slight  suspicion 
ol  an  area  of  pneumothorax  in  the  posterior  part  of 
the  left  upper  lobe.  The  main  bronchus  on  the  left 
seems  extremely  dilated  ;ind  prominent,  with  very 
prominent  trunk  areas.  The  lung  on  the  left  contains 
so  much  air  that  it  has  the  same  appearance  as  the 
opposite  chest.  There  is  the  appearance  of  a  double 
pneumothorax. 

were  more  noticeably  obliterated  than  on 
the  left  side.  Litten's  sign  was  absent  on 
both  sides.  Fremitus  was  felt  over  both 
apices  posteriorly,  perhaps  a  little  more 
distinttly  on  the  right  than  on  the  left 
side.  Both  sides  were  hypcrresonant  on 
percussion,  but  the  note  over  the  right 
side  may  have  been  a  little  more  tympan- 
itic than  that  over  the  left.  The  lower 
posterior  limits  ol  pulmonary  resonant 
were  at  about  the  same  level.  The  breath 
sounds  in  general  were  loud  and  iDlowIno; 


with  expiration  much  prolonged  and 
accompanied  by  whistling  rales  heard 
over  the  entire  chest  during  both  inspira- 
tion and  expiration.  They  were  unusually 
loud  over  the  left  apex,  o\er  which  area 
expiration  was  much  prolonged.  W  histling 
and  musical  rales  were  heard  o\er  the  left 
lung.  The  breath  sounds  were  perhaps 
more  distant  over  the  right  lung  and  had  an 
amphoric  quality.  The  whispered  and 
spoken  voice  were  well  heard  o\er  the  base 
of  the  right  lung,  but  were  distant  over 
the  left  lung.  The  coin  sound  was  a  little 
more  distinctly  heard  over  the  right  lung  at 
the  base  and  In  the  axilla  than  o\'er  the 
corresponding  area  of  the  left  chest,  but  this 
was  by  no  means  definite  and  the  typical 
coin  sound  certainly  was  absent.  No  splash- 
ing could  be  heard  on  succussion.  We 
would  emphasize,  however,  that  these  signs 
of  pneumothorax  were  not  at  all  definite,  and 
that  the  examinations  were  made  with  the 
full  knowledge  of  what  the  plates  showed. 

The  urine  on  all  occasions  was  quite 
normal,  containing  no  albumin,  no  sugar 
and  no  casts.  The  red  blood  count  was 
6,000,000  and  the  hemoglobin  90  per  cent. 
The  leucocyte  count,  on  September  28th, 
was  9,000  per  c.  mm.,  of  which  12.4  per 
cent  were  eosinophiles.  In  another  count, 
later,  14.6  per  cent  of  the  leucocytes  were 
eosinophiles.  The  temperature  frequently 
rose  to  99°  to  100°  F.  In  the  afternoon;  the 
pulse  varied  from  80  to  128,  and  the  respira- 
tions were  about  24  per  minute. 

The  patient,  feeling  better,  went  to  her 
home  on  January  8,  192 1,  but  soon  returned 
in  great  respiratory  distress. 

SecoTid  admission,  Feb.  10,  1921. 

March  19,  1921:  "The  patient  at  6:30 
this  morning  had  a  ^•ery  se\ere  attack  of 
asthma.  Four  minims  of  adrenalin  hypo- 
dermically  relieved  her  for  about  half 
an  hour.  Then  followed  a  second  attack 
of  dyspnea  which  lasted  about  fifteen  or 
twenty  minutes.  She  is  more  comfortable 
when  well  propped  up  on  a  back  rest,  her 
bed  in  front  of  an  open  window." 

March  21,  192 1 :  "The  patient's  dyspnea 
Is  not  quite  as  marked.  Her  respirations 
are  24  per  minute." 

April  8,  192 1 :  "Patient  seems  much 
better;  her  respirations  seem  much  easier 
than  usual." 
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April  18,  1921:  "The  patient  is  not 
doing  well.  Her  attacks  of  dyspnea  are 
more  frequent  and  more  se\ere,  especially 
during  damp  weather." 

Fractional  gastric  analysis  showed  on 
one  occasion  (February  25,  1921)  no 
free  hydrochloric  acid  and  a  low  total 
acidity  which  varied  from  14  to  33  acidity 
per  cent.  Another  examination,  on  March 
5th,  gave  a  total  acidity  of  68  and  free 
hydrochloric  acid  of  25  acidity  per  cent. 

The  sputum,  frequently  examined,  con- 
tained no  elastic  tissue  and  no  tubercle 
bacilli. 

The  urine  was  always  normal,  its 
specific  gravity  varying  from  i  .010  to  i  .022, 
and  it  always  was  free  from  albumin  and 
sugar. 

Between  February  10  and  March  i~, 
192 1,  the  temperature  ranged  between 
normal  limits,  the  pulse  between  86  and 
122,  and  the  respirations  about  24  per 
minute. 

One  blood-count  during  this  admission 
was:  Red  cells,  5,448,000;  leucocytes,  8,600, 
of  which  "9.5  per  cent  are  polymorpho- 
nuclear finely  granulars,  7  per  cent  small 
mononuclears,  i  .8  per  cent  large  mono- 
nuclears  and    1 1.6   per   cent   eosinophiles. 

April  22,  192 1.  Final  note.  "The  patient 
has  been  losing  ground  for  eight  or  nine 
days;  the  dyspnea  has  been  almost  con- 
stant and  attacks  with  cyanosis  have  been 
frequent.  This  e\'ening,  while  on  the  bed- 
pan, she  experienced  a  sudden  increase  of 
the  dyspnea  with  cyanosis,  and  died  in 
fifteen  or  twenty  minutes." 

Autopsy.  Anatomical  Diagnosis.  Bi- 
lateral pneumothorax,  complete  collapse 
of  right  lung,  partial  collapse  of  leit; 
bilateral  fibrous  pleuritis;  moderate  thick- 
ening of  bronchial  mucosa  in  the  larger 
bronchi;  generalized  passive  congestion; 
healed  mitral  endocarditis;  chronic  appen- 
dicitis; moderate  fibrous  thickening  of  the 
gall-bladder  with  slight  scarring  of  the 
adjacent  liver  tissue;  distention  of  chest; 
\isceroptosis. 

The  body  is  that  of  a  slightly-built,  adult, 
white  woman,  about  5  ft.  tall  and  weighing 
about  90  lbs.  There  is  marked  cyanosis 
of  the  finger-tips  and  head  back  of  the  ears 
and  neck.  The  superficial  lymph-nodes  are 
not  palpable.  The  chest  is  expanded  and 


barrel-shaped.  Subcutaneous  fat  is  scanty. 
The  skeletal  muscles  are  normal  in  color. 
Peritoneal  surfaces  are  markedly  congested 
and  of  a  purplish  color.  The  liver  margin 
reaches  about  10  cm.  below  the  xiphoid 
cartilage  in  the  midline  and  on  the  right 
side  below  the  level  of  the  iliac  crest.  The 
diaphragm  is  low,  at  the  sixth  interspace  on 
the  right  and  at  the  seventh  on  the  left  side. 

There  is  an  escape  of  free  air  on  opening 
the  right  pleural  cavity  which  was  demon- 
strated by  the  water  test.  The  same  is  true 
ot  the  left  pleural  cavity. 

There  is  no  free  fluid  in  the  peritoneal 
cavity.  There  is  marked  congestion  in  the 
region  of  the  appendix,  which  is  bound 
down  retrocecally.  There  are  no  adhesions 
in  the  peritoneal  cavity. 

The  right  lung  is  totally  collapsed.  It 
is  adherent  to  the  chest  wall  about  its 
apex  and  anteriorly  and  posteriorly  over 
its  lower  lobe. 

The  left  pleural  cavity  shows  many 
adhesions.  The  anterior  margin  of  the 
left  lung  is  markedly  distended  and 
emphysematous.  The  lower  lobe  of  this 
left  lung  is  partially  collapsed;  its  posterior 
portion  is  deeply  congested,  purplish  red  in 
color  and  contains  but  very  little  air. 
On  section  it  shows  a  glassy  appearance,  is 
uniformly  congested,  but  contains  no  free 
fluid.  The  mucosa  of  the  bronchi  is  con- 
gested and  in  areas  appears  thickened. 

The  right  lung  contains  no  air,  is  of  a 
deep,  purplish  red  color,  is  markedly  con- 
gested and  resembles  spleen  in  consistency 
and  color.  A  fragment  barely  floats  in 
water.  There  is  moderate  congestion  of 
the  bronchi. 

There  is  no  e\idence  of  tuberculosis 
in  either  lung. 

The  myocardium  is  rather  fibrous,  but 
shows  no  other  visible  changes. 

The  gall-bladder  is  adherent  to  the  liver 
substance  and  to  the  mesocolon.  Its  wall  is 
slightly  thickened.  It  contains  about  15 
c.c.  of  bile,  but  no  concretions. 

The  li\er  is  normal  in  size  and  shows 
no  changes  on  section.  There  are  a  few 
superficial  scars  in  its  capsule  in  the  region 
of  the  gall-bladder. 

The  pancreas  is  deeply  congested  and 
rather  soft.  There  is  capillary  extravasation 
of  blood  within  the  pancreatic  substance. 
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The  left  kidney  is  rather  small,  weighs 
about  125  gm.,  and  on  section  has  a  deep, 
cyanotic,  red  color.  Its  capsule  strips  with 
normal  resistance.  Fetal  lobulations  are 
visible  over  its  surface.  There  are  a  few- 
scattered  subcapsular  scars,  but  no  other 
gross  changes.  The  right  kidney  resembles 
closely  the  left. 

The  gastrointestinal  tract  shows  no  visi- 
ble changes  except  marked  congestion. 

The  uterus  and  appendages  are  markedly 
congested,  otherwise  normal.  The  adrenals 
are  normal  in  size  and  appearance,  with  no 
loss  of  the  yellow  pigmentation  of  the  cortex. 

This,  then,  is  the  case  of  a  young  woman 
twenty-two  years  of  age,  who,  since  she 
was  two  and  a  half  years  of  age,  was 
practically  invalidated  by  very  frequent 
attacks  of  true  paroxysmal  asthma,  a 
tendency  which  she  apparently  had  inheri- 
ted from  both  her  father  and  her  mother. 
This  asthma  led  to  marked  chronic  hyper- 
trophic pulmonary  emphysema.  We  have 
no  evidence  whether  or  not  she  inherited 
also  a  tendency  to  emphysema.  One  result 
of  the  latter  condition  was  a  chronic 
partial  pneumothorax,  so  latent  that  it 
was  not  suspected  until  the  roentgeno- 
grams of  her  chest  were  studied.  Even 
after  we  knew  of  its  presence,  we  could  get 
no  history  which  suggested  the  date  of  its 
onset.  It  certainly  was  present  for  months 
before  her  death.  We  feel  justified  in 
believing  that  her  sudden  death  followed 
the  sudden  development  of  a  double 
pneumothorax  while  she  was  straining  at 
stool    a    few   minutes    before    her   death. 

While  well  over  90  per  cent  of  all  cases 
of  pneumothorax  are  due  to  pulmonary 
tuberculosis,  yet  we  feel  we  can  rule  out 
the  presence  of  that  disease  in  this  case, 
since  during  life  and  at  the  autopsy 
especial  attention  was  paid  to  this  point, 
and  no  evidence  of,  or  lesions  of,  pulmonary 
tuberculosis  could  be  found.  We  believe 
the  double  pneumothorax  of  this  patient 
was  due  to  chronic  hypertrophic  pulmon- 
ary emphysema.  It  is  not  at  all  surprising 
that  this  disease  should  lead  to  pneumo- 
thorax; the  only  wonder  is  that  it  does 
not  more  often  do  so.  In  chronic  hyper- 
trophic pulmonary  emphysema,  the  dis- 
appearance of  the  septa  between  many 
adjacent  alveoli   results   in  the  formation 


of  large  air  spaces,  or  blebs,  each  the  sum 
of  many  alveoli.  The  superficial  blebs  have 
the  pleura  as  external  wall,  and  the  nutri- 
tion of  this  membrane  over  these  blebs 
is  certainly  hazardous,  since  the  normal 
pleural  membrane  receives  its  nutrition 
from  the  underlying  lung  tissue.  The  inevi- 
table result  of  the  disappearance  of  groups 
of  underlying  septa  with  their  blood- 
vessels must  be  a  progressive  atrophy  of 
the  pleural  membrane  at  these  points, 
from  lack  of  nutrition.  This  will  progress 
until  finally  it  becomes  so  weak  that  it 
can  be  ruptured  by  even  an  ordinary 
respiratory  movement.  Such  must  be  the 
explanation  of  those  spontaneous  non- 
tuberculous  cases  of  pneumothorax  which 
develop  during  sleep,  although  more  often 
as  the  result  of  some  spasmodic  effort  such 
as  laughing,  coughing,  sneezing,  jumping 
from  a  chair,  dancing,  running  up  stairs, 
straining  at  stool,  etc.  In  the  case  of  those 
pre\'iousIy  healthy,  however,  the  bleb  must 
have  been  the  result  of  interstitial  emphy- 
sema rather  than  of  the  chronic  hyper- 
trophic variety.  One  should  remember 
that  it  is  the  pleura  which  protects  the 
pleural  cavity  from  pneumothorax,  since 
undoubtedly  the  lung  tissue  is  frequently 
ruptured  by  coughing  and  other  strains. 
As  the  result  of  such  rupture,  the  air 
escapes  into  the  interstitial  lung  tissue, 
lifting  the  pleura  into  blisters  torn  free 
from  the  underlying  lung.  So  difficult  is 
it  to  rupture  the  pleura,  that  in  cases  with 
severe  paroxysmal  cough  and  in  the  strain 
of  parturition,  the  air  will  dissect  its  way 
along  the  bronchi  into  the  mediastinum 
and  then  through  the  suprasternal  notch 
into  the  subcutaneous  tissue  over  the 
chest  wall,  and  yet  none  find  its  way  into 
the  pleural  cavity.  These  blisters  of  pleura 
freed  from  the  underlying  lung  tissue  and 
its  vessels  must  explain  the  great  major- 
ity of  spontaneous  pneumothorax  which 
de\"elops  in  quite  healthy  persons,  even 
months  after  the  least  physical  strain.  In 
cases  of  chronic  hypertrophic  emphysema 
such  as  this  girl  had,  the  bullae  present 
may  be  even  as  large  as  a  pigeon's  egg.' 
The  fact  that  the  emphysematous  lung 
had  lost  practically  all  its  elasticity 
hindered  its  collapse,  and  therefore,  until 
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the  last  day,  probably  pre\ented  the 
formation  of  a  complete  pneumothorax. 
The  facts  that  the  pneumothorax  was 
partial  and  that  the  emph\sema  alone 
caused  such  respiratory  distress  explain 
why  the  condition  was  so  latent. 

While  emphysema  is  the  proven  cause 
in  relatively  few  cases  of  pneumothorax, - 
this  is,  so  far  as  we  can  ascertain,  the  only 
case  on  record  of  double  pneumothorax 
due  to  emphysema. 

DISCUSSION 

Dr.  LeWald.  We  have  had  three  cases  of 
spontaneous  pneumothorax  nontuberculous. 
The  first  case  occurred  in  a  man  who  was 
taking  a  cold  shower  and  collapsed.  He  had 
been  examined  just  a  few  days  before  for  life 
insurance.  He  was  twenty-five  years  old,  and 
his  lungs  at  that  time  were  perfectly  normal. 
He  made  a  complete  recovery  in  about  four 
weeks.  He  was  put  on  some  physiologic  respir- 
atory movements  to  try  to  expand  the  lung, 
such  as  blowing  on  the  bottles.  He  never  had 
any  recurrence,  and  never  had  any  tuber- 
culosis develop.  He  was  examined  for  a  period 
of  two  years. 

Another  case  was  in  a  messenger  boy  \\ho 
was  running  across  the  street  and  collapsed. 
He  was  taken  to  the  hospital,  where  it  was 
found  that  he  had  a  spontaneous,  or  perhaps 
not  quite  spontaneous,  pneumothorax.  That 
lung  also  expanded,  but  it  took  a  longer  time — 
about  six  weeks. 

The  third  case  was  in  a  younger  subject,  a 
boy  of  about  nine  years  of  age,  in  which  we 
had  no  history  of  forcible  effort.  It  was  on  the 
right  side,  pushing  the  heart  over  to  the  left, 
much  as  in  the  preceding  case.  He  was  watched 
for  six  months  and  the  condition  did  not  clear 
up.  That  brings  up  the  point  that  was  brought 
up  in  this  case — how  long  can  a  pneumo- 
thorax exist  before  being  discovered  in  routine 
examination?  I  think  the  point  is  that  there  are 
many  cases  of  nontuberculous  pneumothorax. 

Dr.  Keith.  We  have  seen  three  or  four 
cases  of  this  kind.  One  case  occurred  in  a  child 
with  diphtheria  followed  by  exertion.  The 
child  died  a  few  hours  after  the  plate  \^■as  made. 
That  was  an  acute  infection. 

Another  case  was  that  of  a  little  fellow,  two 
and  a  half  years  of  age.  The  clinician,  who  was 
called  to  see  another  member  of  the  familv, 
noticed  that  the  little  fellow  was  out  of  breath. 
He  brought  the  child  into  the  office  and  was 
unable  to  make  a  diagnosis.  This  child  had  a 
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collapse  of  the  lung  on  one  side.  The  plate 
showed  a  very  definite  adhesion  of  the  pleura 
at  about  the  junction  of  the  upper  and  lower 
lobes.  We  rayed  him  again  three  or  four  weeks 
after,  at  which  time  the  lung  had  begun  to 
expand.  A  plate  two  months  after  showed  a 
complete  recovery.  This  child  had  nothing 
except  a  little  cold. 

In  the  other  patient,  according  to  the 
history,  the  collapse  of  the  lung  occurred  while 
she  was  mountain-climbing  in  Colorado  twelve 
years  before.  She  had  a  little  trouble  imme- 
diately after,  lasting  three  or  four  days,  but  no 
trouble  subsequently.  At  the  time  we  saw  her 
she  had  no  symptoms.  The  plate  showed  the 
collapse  still  present. 

Dr.  Crane.  Dr.  Bceler,  in  his  paper, 
mentioned  the  fact  that  the  lung  tissue  may 
be  frequently  ruptured  when  pneumothorax  is 
not  produced.  This  may  cause  the  annular 
shadows  we  see  in  the  lungs  which  we  are 
inclined  to  call  cavities,  even  when  there  is  no 
disease  evident.  If  that  is  true,  there  may  be 
some  danger,  when  these  annular  shadows  are 
seen,  from  spontaneous  pneumothorax.  In 
one  of  the  slides  which  Dr.  Beeler  showed, 
there  was  just  a  beginning  separation  of  the 
lung  near  the  apex,  which  showed  very  clearly 
the  line  of  the  pleura,  and  suggested  Van 
Zwaluwenburg's  pleural  gap.  We  would  think 
from  that  line  which  showed  so  clearly,  that 
Van  Zwaluwenburg's  gap  was  in  reality  the 
line  of  the  pleura.  In  this  case  it  was  not  be- 
cause it  was  thickened,  but  because  the  lung 
had  begun  to  collapse; -however,  it  would  help 
to  interpret  the  shadow  which  Van  Zwaluwen- 
burg  has  so  well  explained. 

Dr.  Potter.  I  think  the  point  Dr.  Beeler 
brought  out  about  the  strains  that  brought  on 
this  rupture  is  interesting.  We  can  easily  see 
how  we  can  get  greater  intrathoracic  pressure 
from  closed-mouth  strain  than  from  a  cough 
where  outside  air  is  present.  The  case  I  saw 
was  a  young  man  who  was  supposed  to  be 
perfectly  well.  He  was  cranking  a  six-cylinder 
car  on  a  cold  night,  and  did  not  succeed  in 
getting  it  going.  He  had  just  a  moderate  pain 
in  his  chest,  a  little  bit  of  shortness  of  breath — 
enougii  to  make  him  see  his  doctor,  who  was  a 
very  good  internist.  This  was  not  recognized 
as  a  pneumothorax,  and  he  was  advised  to  go 
down  to  Asheville  and  play  golf,  and  maybe 
he  would  feel  better.  He  did  so,  but  did  not 
feel  better.  He  would  feel  a  little  worse  when 
he  got  halfway  around  the  course.  He  came 
home  and  went  to  another  internist,  who  said, 
"\'ou  have  a  collapsed  lung." 

It  is  difficult  to  make  out,  from  .v-ray  exami- 
nation after  the  lung  is  collapsed,  whether  it  is 
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due  to  a  ihiiiiiinii  out  of  the  mediastinum  or 
to  a  small  amount  ot  disease;  because  after 
the  lung  is  collapsed,  it  looks  more  or  less 
sohd  and  a  small  amount  of  disease  can  be 
there  and  not  be  seen.  It  is  interesting  to  try 
to  see  it.  When  the  patient  breathes  in,  you 
see  the  king  absolutely  fill  up,  and  when  he 
breathes  out,  it  sinks  again  at  the  hilus.  You 
can,  during  that  inspiration,  perhaps,  get  some 
idea  whether  there  are  consolidations  inside 
the  lung.  After  the  condition  has  cleared  up, 
you  may  be  able  to  say  whether  there  was  any 
disease  in  the  region  of  the  tear. 

Dr.  Hickey.  I  would  like  to  ask  Dr.  Beeler 
if  he  made  any  lluoroscopic  studies  on  this 
case,  and  if  he  did,  whether  he  was  able  to 
demonstrate  the  lateral  movements  of  the 
heart  with  respiration.  We  have  one  case  of 
artificial  pneumothorax  where  this  is  quite  a 
strikmg  phenomenon.  I  wondered  if  it  were  true 
in  the  spontaneous. 

Dr.  Murphy.  I  would  like  to  ask  if  any- 
one has  had  experience  with  pneumothorax 
with  fluid,  and  if  there  is  any  possible  way  of 


clearing  up  the  fluid.  We  have  a  case  in  whicii 
by  positive  pressure  apparatus  we  were  able 
to  bring  the  lung  back  to  normal,  but  the  fluid 
continues  to  form,  and  fills  the  chest  almost 
as  fast  as  we  can  take  it  out. 

Dr.  Beeler  (closing  discussion).  I  forgot 
to  mentKjn  that  the  cause  of  death  in  this  case 
\\as  double  pneumothorax. 

In  answer  to  Dr.  Crane  as  to  the  Van 
Zwaluwenburg  gap,  I  admit  that  that  is  what 
we  thought  we  had,  and  from  the  plates  and 
stereoscopic  studies,  I  would  have  almost 
sworn  that  she  had  tuberculosis.  I  saw  the 
autopsy  made  by  the  University  pathologist, 
who  is  a  very  competent  man.  Thorough  sec- 
tioning showed  no  tuberculosis  in  any  part  of 
the  lung. 

In  answer  to  Dr.  Hickey,  I  will  saj'  that  we 
did  fluoroscope  the  case  several  times,  and 
were  unable  to  see  any  movement  of  the 
heart.  Whether  that  was  due  to  the  number  of 
adhesions  that  were  found,  I  do  not  know,  but 
we  were  unable  to  show  any  change  in  the 
lateral  position  ()f  the  heart. 
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^"^HE  day  of  haphazard  radiation 
-L  therapy  is  rapidly  passing,  as  more 
precise  facts  are  emanating  from  the 
laboratories  of  the  physicist  and  of  the 
research  pathologist;  and  the  application 
of  such  facts  is  making  more  necessary 
the  development  of  a  technique  in  which 
methods  oi  precision  play  an  increasingU- 
important  part. 

As  recently  stated  by  Ledoux-Lebard, 
the  idea  of  treating  deep  lesions,  and 
particularly  malignant  tumors  of  the  vis- 
cera, by  means  of  .v-rays,  is  nearly  as  old 
as  radiotherapy  itself.  The  fundamental 
laws  governing  the  action  of  the  rays  on 
tissue  cells  were  laid  down  years  ago  as  the 
result  of  the  experimental  studies  of 
Albers-Schonbcrg,  Bergonic,  Tribondeau, 
Halberstiidtcr,  Rcgaud  and  Blanc,  La- 
fargue,  Cluzet,  Niirnbcrger,  Hudellet,  and 
many  others.  The  application  of  these 
laws  to  the  treatment  of  various  superficial 


lesions  has  been  relatively  simple,  and  has 
become  a  routine  procedure.  However, 
in  lesions  beneath  the  surface  of  the  body, 
the  results  ha\e  not  been  so  good. 

The  correct  .\-ray  treatment  oi  a  gi\en 
neoplasm  requires: 

1.  Knowledge  of  the  location,  extent  and 
type  of  the  tumor,  and  its  relations  to 
surrounding  structures,  as  well  as  of  the 
existence  and  location  of  metastatic  foci. 
It  Is  often  difficult,  and  sometimes  impossi- 
ble, to  obtain  such  complete  information. 

2.  Knowledge  of  the  tjuantity  of  rays  of 
a  definite  quaiit\',  or  "clVectl^■e  wave- 
length" necessary  to  deal  successfull\ 
with  a  given  type  of  tumor.  A  great  deal  is 
heard  about  the  so-called  "cancer  dose," 
but  our  knowledge  ot  dosage  is  not  suth- 
cient  to  warrant  the  use  of  such  a  term.  If 
we  are  asked  what  is  the  cancer  dose  in  a 
gi\cn  case,  wc  must  admit  that,  thus  far, 
there  is  no  such  dose,  and  it  Is  doubtful  if 
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there  will  e\er  be.  This  is  true,  because  we  "eftectixe  \\a\e-length."  As  the  result  of 

do  not  know  enough  about  the  biophysical  the   introduction  by  Villard  and   Szilard, 

and  pathological  phases  of  tumor  growth,  of  the  ionization  method  of  measuring  the 

and  we  know  still  less,  if  anything,  about  intensity  of  a  beam  of  x-rays,  we  are  now 

the    quantitati\e    and    c|ualitativc    effects  in  position  to  determine,  at  different  depths 
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Fic.  2.  Levels  at  whieli  euntmjrs  and  sections  were  made  in  female. 

of  .\-rays  on  ditlerent  tumors  of  the  same  in  the  tissue,  the  percentage  penetration 

type.  To  discuss  this  at  length  would  be  of  the  beam  striking  the  surface, 
beyond  the  scope  of  my  subject.  Whether     the     radiologist     chooses    to 

3.  Knowledge  of  the  absorption  or  pene-  utilize  the  well-known  penetration   charts 

tration  characteristics  of  rays  of  a    given  of    Dessauer,_or    whether_  he^  prefers    to 
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work  from  data  obtained  by  his  own  efforts, 
and  with  his  own  apparatus  (this  is  un- 
doubtedly the  better  method,  provided  the 
radiologist  be  trained  in  the  use  of  physical 
instruments)  the  intelligent  use  of  such 
data  in  a  given  case  rec[uires  fairly 
accurate  knowledge  of  the  distance  of  the 
tumor  from  the  surface,  and  as  much  as 
possible  of  the  dimensions  of  the  tumor, 
including  foci  of  dissemination.  This  in- 
volves measuring  the  patient  at  the  level 
of  the  growth  preferably  in  the  form  of  a 


degree  of  distortion.  In  only  one  such  atlas, 
to  my  knowledge,  are  the  sections  life- 
size,  and  these  were  made  from  one  body 
only. 

In  order  to  fulfill  the  foregoing  require- 
ments and  to  meet  the  objections,  a 
series  of  life-size  cross-section  charts  of  the 
trunk  of  the  average  male  and  female  body 
were  prepared.  To  obtain  such  an  average, 
or  what  might  be  termed  "ideal"  male  and 
female  figures,  twelve  well-formed  male, 
and  twelve  female  subjects,  were  selected 


Fig.  3.   Composite  contour  tracing  of  twelve  female  subjects  at  the  level  of  the  lower 
portion  of  the  fourth  intercostal  space. 


contour  sketch,  with  relation  to  which 
penetration  data  may  be  studied. 

In  this  connection  it  occurred  to  me  that 
life-size  cross-section  charts  of  the  average 
male  and  female  figure  would  be  very 
desirable,  and  would  enable  the  radiol- 
ogist to  study  his  penetration  data,  and  to 
determine  the  ratio  of  depth  dose  to  skin 
dose  with  relation  to  the  a^■erage  human 
iigure. 

Anatomies  showing  cross-sections  are 
now  available,  but  the  sections  were  made 
from  dead  subjects,  and  present  a  \ariablc 


\  arying  in  weight  between  100  and  200  lbs.; 
in  height,  between  64  and  74  in.;  and  in  age, 
between  twenty-five  and  forty  years.  Of 
each  subject,  a  series  of  careful  contour 
measurements  at  different  le\e!s  was  made. 
For  ob^■ious  reasons,  the  levels  selected 
correspond  to  prominent  and  easily  recog- 
nizable surface  landmarks.  Figures  i  and 
2  show  the  levels  at  which  the  contours 
were  made. 

The  number  of  levels  measured  and 
charted  is  thought  to  be  sufficient  for 
most  purposes,  although  in  foreign  body 
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localization,  it  might  be  desiraljle  in  some  contour  tracings,  and  also  the  "average" 

cases  to  have  a  larger  number  to  cover  contour  traced  from  it. 

intervening  points.  The  method  employed   in  making  the 

The  contours  at  each   level  were  then  contour  tracings  was  as  follows: 


Fig.  4.  Contour  and  cross-section  of  the  average  female  at  the  level  of  the  hiwcr 
portion  of  the  fourth  intercostal  space. 


Fig.  5.  Contour  and  cross-section  of  the  average  female  at  the  level  of  the  upper 
border  of  the  pubic  symphysis. 

brought  together,  and  a  composite  made  at  The   subject   was   instructed   to   stand 

each  level  for  the  twelve  male  and  for  the  straight,  with  feet  well  together,  but  with 

twelve  female  subjects,  and  from  each  of  the  no  muscular  effort.   The  level  was  deter- 

composites  an  average  contour  was  traced,  mined  and  indicated  on  the  skin.  A  piece 

Figure    3    shows   one  of  these  composite  of  rubber  tubing  was  passed  over  a  heavy 
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lead  wire,  the  whole  being  readily  malle- 
able and  yet  stiff  enough  to  hold  any 
position.  The  median  line  having  been 
determmed  at  a  given  level,  the  middle  of 
the  lead  wire  was  placed  in  contact  with 
the  skin  at  this  point,  a  corresponding 
mark  being  made  on  the  rubber  tubing. 
The  ends  were  then  molded  to  the  surface, 
an  assistant  maintaining  the  contact 
behind  as  the  wire  was  adjusted  anteriorly, 
where  the  mid-line  was  similarly  deter- 
mined and  marked.  After  it  had  been 
determined  that   the  contact   was  perfect 


checked  in  these  two  dimensions,  after 
which  the  contour  was  traced  on  the 
paper. 

In  charting  the  outline  of  the  Internal 
structures.  Information  was  gathered  from 
several  standard  anatomies,  such  as  Gray, 
Deaver,  Piersol,  Spalteholz,  Sobotta  and 
MciMurrich,  and  the  cross-section  charts 
of  Professor  Symington  and  of  Professor 
Eycleshymer. 

More  or  less  discrepancy  exists  in  the 
description  by  different  anatomists  of 
the  location  of  certain  structures,  such  as 
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all  around,  and  free  from  undue  pressure, 
the  effect  of  respiration  was  studied  in 
order  to  learn  as  accurately  as  possible 
the  point  midway  between  ordinary 
Inspiration  and  expiration. 

The  wire  was  then  remox  ed,  by  slipping 
either  upward  or  downward,  and  trans- 
ferred to  a  sheet  of  paper.  Before  tracing 
the  contour  on  the  paper,  careful  measure- 
ments of  the  anteroposterior  and  transverse 
diameters  of  the  body  at  that  le\el  were 
made  by  means  of  a  large  caliper,  and  the 
lonlour    as    represented  by  the  lead  wire 


the  umbilicus.  This  is  not  at  all  surprising 
to  one  who  has  examined  a  number  of  dead 
bodies.  Eycleshymer  places  the  umbilicus 
opposite  the  intervertebral  cartilage 
between  the  third  and  fourth  lumbar 
vertebrae.  Davis  places  It  opposite  the 
intervertebral  cartilage  between  the  fourth 
and  litth  lumbar  \ertebrac.  As  a  matter  of 
fact.  In  the  average  body  the  umbilicus  Is 
to  be  found  opposite  some  jXHtion  of  the 
fourth  lumbar  \ertcbra. 

Another  example  ol  such  discrepanc\    Is 
to  be  found  in  the  female  breast.  There  is  a 
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very  considerable  difference  in  the  size  of 
the  breasts  and  in  the  tonicity  of  their 
tissue  components;  this  accounts  for  a  wide 
%ariabihty  m  the  location  of  the  nipple. 

A  striking  instance  of  variability  in 
location  may  also  be  seen  in  the  uterine 
cervix,  the  exact  position  of  which  Naries 
with  the  degree  of  distention  of  the  bladder, 
the  state  of  the  rectum  with  regard  to  its 
contents,  the  position  of  the  uterus  itself 
as  affected  by  lacerations  of  the  pelvic 
outlet,  and  other  pathological  conditions 


Figure  5  is  a  section  of  the  female  pelvis 
at  the  level  of  the  upper  border  of  the 
pubic  symphysis — the  level  corresponding 
to  the  junction  between  the  cervix  and 
body  of  the  uterus.  Again,  one  is  struck  by 
the  apparently  small  size  of  the  section. 
That  impression  obtains  throughout  and  is 
especially  striking  in  connection  with  the 
sections  in  the  region  of  the  lower  thorax 
and  upper  abdomen.  The  charts  all  look 
small  compared  with  one's  conception  of 
the    size    of    a     human    being.     Contour 


Fig.  7.  Contour  and  cross-section  nl  tlic  female  pelvis  (upper  border  of  the  pubic  symphysis) 
studied  with  relation  to  Dcssauer's  penetration  data:  kilovoltage  181.5;  ma.  2;  filter 
0.8  mm.  copper  and  i.o  mm.  aluminum;  distance  50  cm.;  size  of  field  10. i  cm  X  13.4 
cm.  Owing  to  the  confusion  produced  by  extending  all  four  cones  through  the  uterine 
region,  only  one  complete  cone  is  shown. 

around  the  pelvis.  In  all  such  instances  an  measurements  of  a  large  man  or  woman 
endeavor  w^as  made  to  strike  an  average  weighing  200  lbs.  will  invariably  look 
between  the  extremes.  much  smaller  than  one  would  expect  from 
Figure  4  shows  one  of  the  charts  of  the  the  appearance  of  that  individual.  How- 
female  thorax  at  the  level  of  the  lower  ever,  if  the  section  circumference  be 
portion  of  the  fourth  intercostal  space,  measured,  one  will  soon  be  convinced  that 
On  looking  at  the  actual  chart  (this  is  not  appearances  are  deceptive, 
apparent  in  the  reproduction)  the  first  These  charts  will  assist  the  radiologist 
thought  that  comes  to  one's  mind  is:  in  applying  or  studying  penetration  data 
"That  cannot  be  a  true  section  of  an  with  relation  to  the  average  patient,  Isut 
average-sized  woman;  it  looks  too  small."  will   not  remove  the  necessity  or  advisa- 
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bility  ol'  measuring  patients,  especially 
such  as  are  patently  larger  or  smaller 
than  the  average. 

By  means  of  a  measuring  chart  gradu- 
ated in  centimeter  squares  and  printed 
on  transparent  celluloid,  it  becomes  a 
simple  matter  quickly  to  obtain  any 
measurements  desired.  Figure  6  illustrates 
the  use  of  the  measuring  chart. 

Figure  7  shows  the  section  of  the  female 
pelvis,  at  the  level  of  the  upper  border  of 
the  symphysis  pubis,  studied  with  relation 
to  Dessauer's  penetration  data  under  the 
following  conditions:  kilovoltage  at  tube 
terminals,  18 1.5;  ma.,  2;  filtration,  copper 
0.8   mm.    and  aluminum    i.o  mm.;  anode- 


skin  distance,  50  cm.;  size  of  field,  lo.i  X 
13.4  cm.  From  this  it  may  be  seen  that  for 
each  field  treated,  about  30  per  cent  of  the 
surface  dose  penetrates  to  a  depth  of  15 
cm.,  roughly  corresponding  to  the  position 
of  the  uterus  with  the  rays  focused  at  the 
angle  shown.  If  we  may  accept  Dessauer's 
^•alues  as  at  least  approximately  accurate, 
treatment  through  four  such  fields  will 
enable  us  to  deliver  a  fairly  uniform  dose 
representing  120  per  cent  of  the  skin  dose 
taken  as  100  per  cent. 

There  are  so  many  methods  of  foreign 
body  localization  that  no  attempt  is  made 
to  show  their  use  in  conjunction  with  the 
charts. 


INJURIES  FROM  ROENTGEN   RAYS  IN  DEEP  THERAPY* 


BY    HERMAN    WINTZ,    M.D. 

ERLANGEX,    GERMANY 


'"I^HE  results  obtained  during  recent 
-JL  years  by  the  employment  of  deep 
roentgen  therapy  have  fully  justified  the 
claims  made  for  this  newer  form  of  treat- 
ment. Though  it  may  be  said  to  be  still 
in  its  infancy,  I  venture  to  predict  that 
the  successes  obtained  by  this  mode  of 
treatment  will  increase  from  year  to  year. 

The  introduction  of  a  new  therapeutic 
measure  has  always  been  accompanied 
by  an  over-estimation  of  its  curative 
powers,  which,  in  the  course  of  time,  had 
to  be  modified  when  a  more  mature  judg- 
ment prevailed.  In  deep  roentgen  therapy 
we  are  threatened  with  a  set-back  on 
account  of  a  variety  of  injuries  resulting 
from  the  therapeutic  application  of  the 
rays. 

For  this  reason,  I  think  the  time  has 
arrived  to  arouse  a  general  interest  in  the 
dangers  involved  in  deep  roentgen  therapy 
and  to  call  attention  to  the  dangers 
inherent  in  the  agent,  and  not  attributable 
to  its  careless  use. 

It  is  not  necessary  to  refer  to  those 
phenomena  with  which  every  roentgen- 
ologist is  suificiently  acquainted — the  so- 
called  ".v-ray  burns."  They  arc  the  results 
of  overdoses    which    exceed    the    limit    of 


tolerance  of  the  exposed  tissues,  and  which, 
in  the  majority  of  cases,  are  attributable 
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to  the  careless  or  unskilled  handling  of  a 
roentgen  apparatus  or  to  technical  defects 
in  the  appliance,  such  as  a  non-functioning 
milliampcremeter  or  a  faulty  chronometer. 

It  must  be  expected  that  a  conscientious 
and  expert  roentgenologist  manipulates 
his  apparatus  so  skilfully  that  he  will 
notice  such  disturbances  at  once,  and  that 
he  will  not  entrust  his  work  to  poorly- 
trained  attendants.  A'-ray  burns  should  not 
occur  under  an  expert  management.  How- 
ever, roentgen  injuries  have  occurred  and 
will  occur  in  the  future,  and  cannot  be 
avoided  with  absolute  certainty.  But  it  is 
also  true  that  certain  accidents  may 
happen  after  surgical  interference. 

These  injuries  may  be  divided  into  two 
groups:  local  and  general  injuries. 

I.    LOC.^L    INJURIES 

I.  Injuries  Caused  by  Exceeding  the 
Limit  0/  Tolerance  of  Tissues,  and  Resulting 
from  the  Defects  of  Our  Present  Radiation 
Techiiique.  The  medical  technique  of  the 
deep  roentgen  therapy  is  based  on  the  fact 
that  it  is  almost  never  possible  to  apply, 
through  a  single  field  of  entrance,  the 
amount  of  ra\s  necessary  for  the  destruc- 
tion of  a  malignant  tumor.  Hence,  multiple 
ports  of  entrance  are  necessary.  This 
requirement,  however,  contributes  to  the 
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danger  of  overdosing,  regardless  of  an 
otherwise  exact  technique.  This  danger  Is 
augmented  by  the  fact  that  the  dose  of 
roentgen  rays  necessar}'  for  the  destruction 
of  the  carcinoma  (carcinoma  dose)  repre- 
sents a  quantity  of  rays  which  approaches 
the  dose  that  can  just  be  tolerated  by  the 
mucous  membrane  of  the  large  intestine 
and  the  bladder.  These  posological  dltlicul- 
tles  are  increased  by  the  fact  that  the 
quantity  of  primary  rays  Introduced  Into 
the  body  is  being  Increased  or  lessened 
In  a  manner  not  easily  determinable  by  the 
size  of  the  Irradiated  body  volume  and  Its 
varying  density.  The  latter  depends  on  the 
varying  composition  of  different  parts  of 
the  body. 

For  the  Irradiation  of  the  body,  those 
values  are  generally  selected  which  have 
been  obtained  by  measurements  in  the 
water  phantom.  It  is  e\Ident  that  the 
diffusion  of  rays  In  a  known  volume  of 
water  cannot  be  Identical  with  the  diffu- 
sion of  rays  in  a  like  volume  of  the  body 
which  may  contain  the  muscular  appara- 
tus, the  gall-bladder,  the  Intestines  with 
extraneous  contents,  and  the  bladder.  The 
latter,  particularly,  is  being  gradually 
filled  during  Irradiation.  In  the  radiation, 
through  different  fields  of  entrance,  of 
cervical  cancer  which  lies  at  an  average 
depth  of  10  cm.,  the  sources  of  error  just 
mentioned  are  compensated  for.  But  condi- 
tions are  quite  different  for  the  superiicial 
layers  of  tissue. 

Based  on  results  of  radiation  measure- 
ments In  the  wax  or  water  phantom,  and  on 
the  cadaver,  we  treat  cervix  cancers 
through  6  or  "  fields  of  entrance,  each  field 
being  6  by  8  cm.  These  fields  of  entrance 
must,  of  course,  be  placed  close  together,  as 
shown  in  Figure  i.  If  the  skin  in  each  case 
is  exposed  to  100  per  cent  unit  skin  dose 
(U.S.D.)  there  will  remain  an  intensity 
of  rays  of  65  to  70  per  cent  of  the  U.S.D. 
at  a  depth  of  2j^  to  3  cm.  The  intensities 
of  rays  at  the  adjoining  sides  of  2  fields 
of  entrance  are  Increased  by  a  summa- 
tion of  the  lateral  Intensities  of  the  2 
fields  to  which  eventually  must  be  added  a 
third  field,  the  vulvar  field.  Therefore,  it  Is 
almost  Impossible  to  avoid  raying  some 
parts  of  the  anterior  wall  of  the  laladder  by 
a   quantity    of  rays    which    approximates 


150  to  160  per  cent  of  U.S.D.  If,  during 
radiation,  the  bladder  is  not  emptied  at 
least  every  hour,  the  fundus  vesicae,  or 
rather  the  anterior  wall  of  the  bladder,  will 
be  forced  closer  to  the  anterior  abdominal 
wall,  and  thereby  nearer  to  the  roentgen 
tube.  The  quantity  of  rays  striking  the 
anterior  wall  of  the  bladder  will  then  be 
still  further  Increased.  In  the  latter  in- 
stance an  injury  will  occur,  manifesting 
itself  principally  in  blistering  and  an  edema 
of  the  vesical  wall.  A  real  burn  and  the 
formation   of  an   ulcer   in   the   mucosa  of 
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Fig.  I.  Location  of  fields  on  supia[jul 
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the  bladder  may  also  take  place.  As  the 
muscles  bear  a  stronger  dose  than  the 
mucous  membrane,  only  the  epithelial 
coat  of  the  bladder  will  be  injured. 

The  rectal  mucous  membrane  is  also 
subject  to  similar  injurious  factors.  The 
anterior  wall  lies  close  to  the  portio,  and 
all  the  cones  of  rays  are  focused  on  it.  If 
the  radiation  Is  carried  out  carefully,  the 
anterior  rectal  wall  will  not  be  endangered. 
However,  the  posterior  wall  of  the  rectum 
lies  within  reach  of  at  least  3  fields  of 
entrance.  In  thin  patients,  the  region  of 
the  posterior  rectal  wall  may  be  exposed  to 
a  radiation  dose  of  about  140  to  150  per 
cent  of  the  U.S.D. 

Experience  teaches  that  this  overdosing 
will  occur  only  In  small  Isolated  areas  of  the 
mucosa,  and  ulcers  will  form.  But  it  is  also 
possible  that  ulcers  may  secondarily  result 
from    vascular    injuries    and,    eventually. 
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from  the  secondary  rays  which  arise  in  the 
contents  of  the  bowel. 

An  .\-ray  injury  of  the  small  intestme, 
due  to  the  overlapping  of  several  radiation 
cones,  is  rarely  observed,  owing  to  the 
fact  that  the  small  intestine  is  mobile  and 
easily  pushed  out  of  the  field  of  irradiation 
at  each  new  adjustment  of  the  compres- 
sion tube.  But  if  several  loops  of  the  small 
intestines  are  fixed  by  pelviperitonitic 
adhesions  either  to  each  other  or  to  the 
uterine  tumor,  a  certain  loop  of  the  small 
intestine  may  be  exposed  to  several  cones 
of  rays,  and  the  same  danger  prevails  then 
as  described  for  the  bladder  and  the  large 
intestine.  Various  injuries  ha\e  been  ob- 
served in  the  small  intestine.  Some  of  the 
least  serious  are  glandular  atrophy,  partial 
injuries  of  the  vessels,  partial  necroses  of 
the  mucosa  and  ulcers  of  the  mucous 
membrane.  In  general,  injuries  of  the 
small  intestines  are  less  frequent,  and,  if 
occurring,  are  always  due  to  one  or  the 
other  complication.  Injury  to  the  lower 
portion  of  the  ileum  is  the  most  likely  to 
occur. 

The  mucous  membrane  of  the  small 
intestine  is  about  30  per  cent  of  the  U.S.D. 
less  sensitive  to  the  action  of  the  rays 
than  the  mucous  membrane  of  the  large 
intestine. 

If,  in  cases  ot  mammary  carcinoma,  the 
supraclavicular  glands  and  the  lymphatic 
chains  along  the  sternocleidomastoid  mus- 
cle are  infiltrated  and,  consequently,  need 
treatment,  an  injury  to  the  larynx  and 
trachea  is  likely  to  occur.  This  danger  is 
the  more  imminent  if  the  right  and  left 
sides  of  the  neck  must  be  exposed  to  a  dose 
of  approximately  95  to  100  per  cent  at  a 
depth  of  2  cm.  in  order  to  affect  the 
carcinomatous  glands.  If  these  2  fields 
converge  in  the  center,  a  dose  of  150  to 
160  per  cent  will  strike  the  laryngeal 
mucosa.  This  dangerous  dose  applied  to  the 
larynx  may  be  reduced  by  placing  the 
patient  in  an  appropriate  posture  and 
tilting  and  shifting  the  tube.  But  even 
then,  the  larynx  will  be  exposed  to  a  dose 
of  rays  lying  between  120  and  130  per  cent 
of  the  U.S.D.  The  injury  will  manifest 
itself  by  hoarseness  and,  eventually,  com- 
plete aphonia,  which  ma\  persist  from  two 
to  four  weeks;  besides,  there  will  be  a  sore 


throat  and  dysphagia.  A  somewhat  larger 
dose  (150  per  cent)  will  render  the  laryn- 
geal mucosa  edematous  and  we  are  con- 
fronted with  the  danger  of  an  edema  of 
the  glottis. 

The  injuries  resulting  from  such  a  radia- 
tion can  be  lessened  by  raying  each  side  of 
the  neck  separately,  allowing  an  interval 
of  several  days  between  treatments.  But 
in  certain  classes  of  cases  this  cannot  be 
done,  and  it  is  particularly  not  ad\isable 
in  the  irradiation  of  a  laryngeal  carcinoma 
with  carcinomatous  infiltration  of  the 
adjoining  parts.  In  such  a  case,  separate 
radiations  would  mean  a  dissipation  of  the 
dose,  and  the  dose  required  for  the  destruc- 
tion of  the  carcinoma  would  be  too  small. 
Injury,  namely,  ulceration,  results  from 
the  fact  that  the  limit  of  tolerance  of 
some  of  the  elementary  tissues  is  exceeded 
by  the  administration  of  too  large  a  dose 
of  primary  rays. 

2.  Injuries  jrom  Uncommon  Secondary- 
Rays.  There  is  another  factor  responsible 
for  the  occurrence  of  injuries:  namely,  the 
addition  of  a  radiation  intensity  derived 
from  uncommon  secondary  radiators. 
Thereby  the  radiation  dose  is  increased 
though  the  primary  radiation  was  cor- 
rectly gauged  and  did  not  exceed  the  limit 
of  tolerance  of  the  tissues.  We  must  always 
consider  the  possibility  of  such  injuries 
resulting  from  the  use  of  opaque  meals: 
e.g.,  barium  meals  employed  in  fluoroscopy 
which  have  not  been  removed  from  the 
gastrointestinal  tract  by  careful  irrigation. 
Fecal  masses  may  also  act  as  generators 
of  secondary  rays.  Furthermore,  injuries 
to  the  bladder  have  been  obser\ed  in  cases 
in  which  collargol  was  injected  into  the 
bladder  and  the  pelvis  of  the  kidneys  a  few 
days  prior  to  irradiation.  Such  injuries 
are,  as  a  rule,  trivial,  because  the  fluores- 
cent and  beta  rays  emanating  from  the 
collargol  (silver)  are  of  low  penetrating 
power.  An  illustration  of  an  injury  of  this 
kind  may  be  demonstrated  b\  the  follow- 
ing experiment:  A  healthy  part  of  the 
skin  is  treated  with  "copperization."  The 
process  is  executed  as  follows:  A  sponge 
electrode,  saturated  with  a  5  per  cent 
(.()|jpcr  solution,  is  placed  on  the  right  side 
of  the  abdomen  and  an  indiflerent  cathode 
on  the  back.  A  weak  gaUanic  current  of 
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20  ma.  obtained  from  a  storage  battery  is 
applied  for  four  hours.  The  part  of  the 
skin  which  had  been  treated  with  copper 
is  irradiated  with  an  accurately  measured 
dose  of  roentgen  rays  of  90  per  cent  of  the 
normal  U.S.D.  (lontoquantimeter — U.S. 
D.)  The  corresponding  left  side  of  the 
abdomen  is  also  irradiated  with  the  same 
dose.  After  four  or  five  weeks  we  will 
observe  on  the  left  side  of  the  abdomen  a 
delicate  yellowish-brown  discoloration,  cor- 
responding to  the  margins  of  the  field: 
while  at  the  same  time  on  the  right  side 
()t  the  abdomen,  where  the  copperization 
has  been  done,  the  skin  exhibits  a  second 
degree  erythema,  which  otherwise  would 
have  been  attained  with  120  to  130  per 
cent  ifistead  of  90  per  cent  of  the  U.S.D. 
(Fig.  2). 
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Fig.  2.  Shnwiiii;  tin  luoio  intense  effect  of  .v-rays  on 
skin  saturated  uith  a  secondary  radiator  than  on 
untreated  skin. 

^.  The  Lowered  Resistance  to  Injuries  of 
Irradiated  Tissues.  The  injuries  described 
in  the  foregoing  chapter  are  not  surpris- 
ing, for  each  o\erdose  is  bound  to  pro- 
duce injuries  to  the  tissues.  In  contrast 
to  this,  our  observations  show  that  every 
irradiated  part  of  the  body  exposed  to  a 
quantity  of  rays  exceeding  the  limit  of 
tolerance  typical  for  the  cells  by  one-third, 
forms  an  area  of  lessened  resistance 
towards  irritants  applied  to  it. 

The  knowledge  of  these  loci  minoris 
resistentiae  is  of  paramount  practical 
importance,    for    it    explains    the    peculiar 


iniunes  which  ha\e  been  obser\ed  after 
correctly  applied  treatments,  and  particu- 
larly the  so-called  "late"  injuries. 

From  a  pathologico-anatomic  viewpoint 
we  are  dealing  principally  with  vascular 
changes.  Changes  in  the  metabolism  of  the 
cells  are  also  quite  probable.  Such  loci 
minoris  resistentiae  are  observable  in 
every  irradiated  part  of  the  skin.  We  have 
established  a  dose  of  rays  which  is  tolerated 
by  the  skin  without  producing  any  patho- 
logical changes:  namely,  a  dose  of  100  per 
cent  of  U.S.D.  Irrespective  of  the  fact 
that  a  pigmentation  will  appear  on  the 
irradiated  area,  after  the  exposure  to  the 
dose  just  mentioned,  there  will  be  observed 
neither  a  thickening  of  the  skin  nor  an 
infiltration,  nor  even  a  desquamation. 
The  pigmentation  will  slowly  fade  away 
in  the  course  of  two  or  three  years. 

If  we  employ  a  dose  of  less  than  100  per 
cent  of  the  U.S.D.,  e.g.,  80  per  cent,  only  a 
faint  pigmentation  is  to  be  observed;  and 
with  a  dose  of  less  than  "o  per  cent,  pig- 
mentation will  not  occur.  If  to  the  effect 
of  the  x-rays  upon  the  ceils  another  irritant 
is  added,  which  normally  would  cause  no 
injury  at  ail,  the  skin  will  respond  to  the 
summation  of  the  two  irritants  with  a 
distinctly  recognizable  reaction.  Factors 
that  may  incite  such  a  reaction  are  per- 
sistent pressure  upon  the  irradiated  part  of 
the  skin,  the  application  of  ice-bags,  hot 
compresses,  and  chemical  changes  pro- 
duced by  the  administration  of  internal 
remedies.  To  illustrate:  The  abdominal 
skin  of  an  otherwise  healthy  (female) 
patient  is  exposed  to  80  per  cent  of  the 
U.S.D.  About  twelve  to  twenty-four  hours 
after  such  an  irradiation,  a  faint  reddening 
of  the  irradiated  part  is  to  be  observed 
(early  erythema)  which  disappears  after 
a  short  time.  After  four  to  fi\e  weeks,  a 
delicate  yellowish-brown  pigmentation  is 
to  be  seen  in  the  irradiated  part.  It  the 
patient  takes  a  warm  bath  on  the  second 
day  after  irradiation,  the  early  erythema 
will  be  considerably  increased.  After  from 
eight  to  ten  days  another  reddening  will 
occur  and  the  pigmentation  also  will  be 
more  distinct.  The  same  effect  may  be 
produced  by  the  application  of  an  ice-bag 
or  a  hot  electric  pad  or  a  hot-water  bottle. 
By  the  employment  of  a  dose  of  100  per 
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cent  U.S.D.  tine  reactions  will,  of  course,  be 
stronger. 

Irritants  due  to  customs  of  daily  life 
comprise  pressure  by  the  corset,  waist- 
band, bodice,  and  sometimes,  braces.  Such 
an  instance  of  increased  reaction  in  a  part 
of  the  field  of  irradiation  is  shown  in 
Figure  3. 

This  patient  underwent  irradiation  for 
mammary  carcinoma.  The  size  of  the 
dorsal  field  is  shown  on  the  photograph. 
On  a  level  with  the  shoulder  we  note  a 
pronounced  brownness  with  desquamation. 
The  picture  con\eys  the  impression  that 
small  fields  of  entrance  had  been  employed 
in   addition  to  and  within  the  delicately 


Fig.  3.  Effect  of  long-continued  pressure  on  a  radiated 
area  of  skin. 

browned  large  field  of  entrance.  Howexer, 
this  was  not  so.  The  markedly  pigmented 
spots  correspond  exactly  to  the  straps  of 
the  basket  which  the  patient  used  to 
carry. 

Figure  4  shows  a  reaction  which  should 
correspond  to  the  administration  of  a 
dose  of  rays  of  120  to  130  percent  of  U.S.D. 
However,  in  this  case  only  100  per  cent  of 
U.S.D.  was  employed.  The  dorsal  fields 
show  quite  a  marked  brown  pigmentation. 
The  ap])arent  overdose  was  due  to  the 
application  of  a  concentrated  solution  of 
lysol  which  the  patient  sometimes  used  to 
wash  the  irradiated  parts  of  the  skin. 

in  the  cases  just  mentioned,  the  injurious 
inilucnces   were  but  slight,  and   therefore 


followed  by  correspondingly  weak  reac- 
tions. It  follows  that  severe  traumata  of 
irradiated  parts  of  the  skin  may  produce 
serious  injuries.  This  fact  readily  explains 
the  frequent  occurrence  of  those  startling 
"late"  injuries.  Thus  we  observed  a  case 
m  which  the  skin  area  irradiated  with  100 
per  cent  of  the  U.S.D.  received  a  strong 
blow  with  a  heavy  piece  of  wood.  The 
result  was  a  superficial  necrosis,  covering 
almost  the  entire  field  of  irradiation.  Even 
if  such  traumata  occur  from  two  to  three 
years  after  irradiation,  ulcers  may  develop 
on  the  irradiated  skin  which  resemble 
those  caused   b\'   burns.   As   a   rule,   they 


Fig.  4.  Action  of  clicniicals  on  si^in  exposed  to  a  loo  per 
cent  U.S.D.  of  .v-rays. 

exhibit  a  better  tendency  to  heal  than  the 
primary  ulcers  produced  by  over-radiating. 
In  discussing  the  causation  of  the  loci 
minoris  resistentiae  we  proceeded  from  the 
presumption  that  the  irradiated  part  of 
the  body  was  exposed  to  a  single  dose,  from 
which  a  primary  injury  could  not  be 
expected.  But  if  the  same  dose  is  repeatedly 
employed  in  the  same  part  of  the  body, 
then  the  total  of  the  macroscopically 
demonstrable  injuries  will  produce  a 
peculiar  picture;  namely,  the  roentgen  in- 
duration. The  skin,  which  was  irradiated 
with  a  dose  of  100  per  cent  of  U.S.D.,  two, 
or  at  the  most,  three  times,  at  intervals  of 
from  six  to  ten  weeks,  becomes  leathery 
and    thick,    feels    touiih    and     hartl,     and 
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presents  an  edematous  appearance.  The 
cause  of  these  changes  is  undoubtedly 
to  be  found  in  vascular  injuries  and  an 
enhanced  permeability  of  the  vessels. 
The  other  tissues,  including  the  muscles 
and  the  connective  tissues,  will  also  react 
in  a  smiilar  manner.  The  power  of  resist- 
ance of  tissue  thus  injured  towards  further 
additional  injuries,  such  as  traumatic  and 
chemical  noxae,  or  infection,  is  con- 
siderably lowered. 

It  during  the  period  of  the  infiltration 
(induration)  the  skin  is  protected  against 
all  injurious  influences,  the  condition 
will  recede  in  from  one  to  one  and  a  half 


The  prevention  of  the  infiltrations  of 
the  pulmonary  tissue  is  of  decided  impor- 
tance if  we  wish  to  improve  the  results  of 
radiation  therapy  of  mammary  carcinoma. 

Just  as  the  slightest  injury  following 
irradiation  will  increase  the  skin  reaction, 
so  acute  or  chronic  diseases  which  are 
present  in  the  tissue  prior  to  the  irradiation 
may  incite  an  increased  reaction. 

A  greatly  increased  reaction  is  to  be 
noted  with  every  gross  change  in  the  tissue, 
because  the  roentgen  treatment  introduces 
an  additional  noxious  agent.  Even  when 
the  skin  is  only  slightly  irritated,  this 
increased  reaction  may  be  observed. 


Fic.  5.  Radiation  induration  of  tlie  lung. 


years.  Far  more  dangerous  is  the  infiltra- 
tion of  the  pulmonary  tissue  which  may 
appear  after  irradiations  of  mammary 
carcinomata  or  lung  tumors.  The  examina- 
tion findings  of  such  a  lung  resemble  those 
of  a  central  pneumonia;  there  is  no  fever, 
but  a  slight  irritative  cough.  The  affected 
part  of  the  lung  is,  of  course,  useless.  This 
condition  is  also  comparatively  harmless 
and  will  recede  spontaneously  in  the  course 
of  one-half  to  three-fourths  of  a  year.  If 
an  intercurrent  disease  (pneumonia  or 
bronchitis)  complicates  the  radiation  in- 
duration, then  the  prognosis  is  almost 
always  bad  (Fig.  5). 


Figure  6  shows  a  slight  irritation  of  the 
skin  In  the  anal  region  at  that  point  In  the 
field  of  irradiation  where  pre\iously  an 
Inflammatory  erythema  was  located.  At- 
tention Is  also  called  to  the  inflammatory 
reaction  of  the  tissue  in  radiations  of  the 
o\aries  when  diseased  adnexa  exist.  This 
explains  the  rise  in  temperature,  as  well 
as  the  slight  parametric  thickenings  which 
are  observed  after  the  irradiation  of 
myomata,  climacteric  bleedings  or  severe 
uterine  hemorrhages.  They  are  attribut- 
able to  Inflammatory  adnexal  disease. 
The  reaction  will  be  also  Increased  if  the 
cells  are  not  visibly  changed,  and  where  a 
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systemic  disease  causes  an  injurious  influ- 
ence upon  the  cell.  The  investigations 
carried  out  by  Seitz  and  myself  demon- 
strate that  the  skin  of  Basedow  patients 
is  about  30  per  cent  more  sensitive  than 
the  normal  skin.  The  skin  in  certain  varie- 
ties of  diabetes  is  likewise  more  sensitive, 
and  in  lues  also  an  increased  reaction  has 
been  observed. 

That  copperization  produces  an  injury 
to  the  cutaneous  cells,  and  thereby  an 
increased  reaction  of  the  skin,  has  been 
pointed  out:  the  same  may  occur  after  a 
single  long-continued  galvanization  of  the 
skin. 


V^- 


Fig.  6.  The  more  intense  action  of  rays  on  erythematous 
slcin  area  in  comparison  to  that  on  normal  sicin. 

Therefore,  if  a  primary  overdosmg  with 
x-rays  can  be  excluded,  and  roentgen 
injuries  occur,  the  possibility  is  that  they 
were  caused  by  a  combination  of  injurious 
influences  either  before  or  after  irradiation. 
The  conception  of  "late"  injuries  is  thus 
explained. 

II.    GENERAL    INJURIES 

Local  injuries  must  be  distinguished  from 
general  or  systemic  injuries.  The  latter  may 
affect  the  patient  as  well  as  the  roent- 
genologist and  his  employees.  Omitting, 
for  the  present,  the  consideration  ot 
injuries  due  to  unsuitable  apparatus  or 
manifestl\'    careless    manipulation    of   the 


same,  as  well  as  the  traumata  caused  by 
high  tension  currents,  burns  and  the  like, 
there  remain  two  factors  which  may  be 
considered  as  typical  roentgen  dangers; 
namely,  blood  injuries  and  the  inhalation 
of  the  air  of  the  roentgen  room  and  surges 
which  can  only  be  avoided  by  special 
de\ices. 

Acute  blood  injuries  result  from  acute 
destruction  of  the  blood  corpuscles.  They 
iollow  a  long-continued  irradiation  and  are 
observed  only  in  the  patient.  The  chronic 
blood  injuries  affect  the  personnel,  and  are 
due  to  the  eft"ects  of  the  .v-rays  as  well  as 
the  "roentgen  air." 

Destructive  changes  in  the  blood  occur 
during  each  therapeutic  irradiation  which 
is  employed  for  the  destruction  of  patho- 
logic cells.  The  smallest  quantity  of  rays 
introduced  into  the  body  corresponds  to 
the  dose  ordinarily  administered  in  castra- 
tion irradiation.  In  order  to  determine  the 
c]uantities  of  rays  introduced  into  the 
bodies  of  different  patients,  it  is  necessary 
to  express  the  quantity  of  rays  by  a  new 
unit,  for  the  posologic  determinations 
hitherto  in  vogue  refer  to  the  amount  of 
rays  which  act  at  the  seat  of  the  disease. 
Under  gi\en  circumstances,  a  compara- 
tively large  dose  may  be  measured  in  a 
certain  part  of  the  body,  although  the 
total  amount  of  rays  introduced  into  the 
body  may  be  smaller  than  that  which  was 
administered  at  the  seat  of  the  disease. 

The  unit  called  "a"  corresponds  to  the 
quantity  of  x-rays  generated  at  about  180 
kv.,  filtered  with  0.5  mm.  zinc,  passing 
through  a  \olume  of  tissue  the  size  of  a 
pyramidal  stump,  the  upper  surface  of 
which  is  6  X  8  cm.,  the  altitude  15  cm., 
and  the  apex,  i.e.,  the  tube  focus,  is  23  cm. 
above  the  upper  surface. 

We  must  bear  in  mind  that  the  kind  of 
different  tissues  of  the  body  also  plays  a 
role  in  these  calculations.  Our  computa- 
tions show  that  for  the  entire  trunk  these 
differences  nearly  compensate  each  other. 
If  doses  of  from  2} 2  to  3  "a"  are  intro- 
duced into  the  body,  the  first  recognizable 
blood  injuries  will  occur;  these  are  easily 
counteracted  by  the  body.  Also  a  blood 
injury  caused  by  5  to  ~  "a"  will  be  over- 
come after  from  five  to  six  weeks,  pro- 
\  ided  that  a  hemoslobin  content  of  more 
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than  40  per  cent  and  an  amount  of  leuco- 
cytes of  over  2,500  existed  before  the 
radiation.  In  the  castration  irradiation, 
the  amount  of  the  dose  is  4  "a,"  which, 
therefore,  may  unhesitatingly  be  adminis- 
tered to  exsanguinated  patients.  The 
quantity  of  rays  necessary  for  the  irradia- 
tion of  a  uterine  carcinoma  is  6  to  8  "a," 
and  does  not  result  in  an  irreparable  blood 
injury.  For  the  mammary  carcinoma  we 
need  up  to  12  "a."  Also  with  such  a  dose 
Introduced  into  the  body,  a  restoration  of 
the  blood  picture  to  normal  is  regularly 
observed. 

This  comparison  of  the  volume  of  the 
radiation  cones  Iea\  es  out  of  consideration 
the  biological  factors  of  the  system.  The 
most  important  are  the  functional  capacity 
of  the  blood-forming  organs  and  the  ability 
to  destroy  the  toxins  (roentgen  toxins  and 
toxins  resulting  from  the  disintegration 
of  the  tumors).  In  a  scientific  investigation 
these  factors  must  not  be  overlooked,  nor 
the  fact  that  the  Intensity  of  the  .v-rays 
within  the  time-unit  Is  of  Importance.  In 
a  long-continued  irradiation  (roentgen 
therapy  In  one  sitting  with  a  large  skin- 
focus  distance)  one  may  observe  that  the 
blood  injury  does  not  occur  to  a  degree 
one  might  ha\e  expected,  based  on  the 
computation  made  with  the  magnitude 
"a"  previously  described.  This  deduction 
is  Important  because  it  shows  that  there 
exists  an  optimal  Irradiation  period  for 
distant  radiations,  and  that  the  necessity 
of  a  great  intensity  of  the  rays  w  ithin  the 
time-unit  Is  justified. 

The  Injuries  caused  by  Irradiation  also 
Include  the  so-called  "Roentgen  Kater, " 
the  nausea  produced  by  Irradiation.  This 
is  not  the  place  to  enter  upon  the  various 
discussions  devoted  to  this  condition.  We 
only  wish  to  state  briefly  that  in  the  litera- 
ture the  view  is  being  more  and  more 
advanced  that  the  expression  "Roentgen 
indisposition"  Is  too  mild  for  this  general 
systemic  disturbance.  According  to  our 
findings — not  taking  Into  consideration 
the  nervous  factor,  which  plays  an  Impor- 
tant role  In  "Roentgen  indisposition" — 
actual  changes  In  the  biochemistry  of  the 
cells  take  place  under  the  influence  of  the 
■  A'-rays    by    an    Injury    of   the    cell-llpolds. 


Furthermore,  it  is  important  to  state  that 
the  charging  of  the  patient  with  3,000  to 
4,000  volts,  corresponding  to  the  tension 
employed  today,  and  the  constantly  occur- 
ring charges  and  discharges  exercise 
decisive  Influence  upon  the  function  of 
the  cells.  Of  practical  significance  is  the 
lact  that  the  roentgen  indisposition  Is 
less  severe  or  does  not  occur  at  all  if 
the  patient  Is  either  grounded,  or,  better 
still,  Is  protected  from  the  electrical  charges 
by  an  appropriate  screening  (faradic 
cage). 

The  general  Injuries  of  the  personnel  are 
chiefly  the  chronic  blood  changes  which 
appear  with  long-continued  work  with 
the  .v-rays.  They  consist  of  a  rather  high 
percentage  of  eosinophilic  leucocytes  (10 
to  15  per  cent)  and  of  a  leucocytosls 
(10,000  to  14,000). 

The  injurious  agents  to  the  personnel 
are  mainly  found  In  the  air  which  has 
been  vitiated  by  the  electrical  surges,  and 
particularly  by  the  ozone  generated  from 
the  air  by  the  .x-rays.  Direct  exposure  of 
the  personnel  to  the  .v-rays  should  not 
occur  in  a  well-conducted  .x-ray  laboratory. 
Finally,  It  might  not  be  amiss  to  point  out 
that  defectively  grounded  lead-lined  pro- 
tecting partitions  oi  badly  arranged  high 
tension  wires  may  cause  certain  Injurious 
Influences.  The  danger  consists  In  the  fact 
that  during  Irradiation  an  electric  field  Is 
formed  around  the  lead-lined  walls  within 
which  the  workers  are  either  sitting  or 
which  they  continually  cross  by  walking 
around  In  the  roentgen  room.  The  charges 
and  discharges  thus  generated  in  the  cells 
of  the  body  are  liable  to  disturb  the 
metabolism  of  the  cells. 

The  above  observations  have  disclosed 
quite  a  number  of  dangers  inherent  In 
deep  roentgen  therapy.  However,  many 
of  them  cannot  be  avoided,  in  spite  of  the 
best  technical  and  medical  construction 
of  the  apparatus,  and  the  most  thorough 
Instruction  of  the  technical  and  medical 
personnel.  The  knowledge  of  the  therapeu- 
tic value  of  modern  deep  roentgen  therapy 
will  stimulate  a  systematic  and  correct 
investigation  in  order  to  avoid  dangers, 
and  thereby  contribute  more  and  more  to 
the  success  of  deep  roentgen  therapy. 


FURTHER   OBSERVATIONS   ON    THE    RADIUM    TREAT- 
MENT OF  CANCER  OF  THE  ESOPHAGUS  WITH  A 
REVIEW  OF  FORTY-FOUR  CASES  SO  TREATED* 

BY    R.    WALTER   MILLS,    ALD.,    AND  JOHN   B.    KLMBROUGH,   M.D. 

ST.    LOUIS,    MISSOURI 


''PHROUGH  the  kind  invitation  of  vour 
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society  it  is  our  pleasure  to  address  you 
on  the  subject  of  the  "Radium  Treatment 
of  Cancer  of  the  Esophagus"  and  to 
report  the  results  of  a  series  of  44  cases  so 
treated.  We  previously  presented  case 
histories  of  the  first  1 1  of  these  before 
the  American  Gastroenterological  Associa- 
tion, in  1919,  indicating  results  at  that 
time,  the  pubhshed  paper  appearing  in 
1920.  Since  our  present  attitude  is  essen- 
tially that  mentioned  in  the  paper  referred 
to,  it  seems  perhaps  best  to  review  the 
position  expressed  at  that  time. 

It  was  emphasized  that  cancer  of  the 
esophagus  is  one  of  the  truly  terrible 
diseases  for  which  there  is  not  even  an 
adequate  palliative  treatment,  to  say 
nothing  of  a  cure;  and  that  it  is  an  evident 
obligation  to  report  the  results  of  any 
treatment  that  offers  a  semblance  of 
relief  to  the  victims  of  the  disease. 

It  was  mentioned  that  cancer  of  the 
esophagus,  aside  from  its  unfortunate 
position  and  consequent  security  so  far 
from  successful  surgical  attack,  is  tantaliz- 
ingly  one  of  the  most  favorable  of  the 
internal  carcinomas  for  treatment  in  that 
its  symptoms  are  made  manifest  at  a 
comparatively  early  stage  by  the  resulting 
obstruction;  that  the  type  of  cancer  is 
usually  epithelioid — amenable  to  radiation 
therapy;  that  carcinoma  of  the  esophagus 
forms  a  naturally  restricted  tumor  which 
will  act  as  its  own  protective  barrier;  and 
that  metastases  occur  probably  later  than 
in  the  instance  of  any  other  internal  cancer. 

Certain  principles  applicable  to  the  use 
of  radium  generally,  and  common  in 
cancer  of  the  esophagus,  were  reviewed. 
These  principles  are  familiar  to  all  of  you: 
the  necessity  for  a  knowledge  of  the  exact 
location  and  physical  peculiarities  of  the 
tumor;  the  necessity  for  as  large  a  dose  as 
can  be  tolerated  with  reasonable  safety 
by  normal  tissue;  the  necessity  for  intimate 
contact  of  the  radium  with  the  tumor,  and 


for  a  mechanical  means  of  so  emplacing 
It,  maintaining  it  in  position  and  permitting 
of  ready  withdrawal  by  an  unskilled  person 
in  case  of  emergency. 


SCHEMA    OF    CLASSIFICATION 

Present  Classification  Previous  Classification 

Cured. 

Palliative  result  good Definitely  successful  palliative 

Palliative  result  fairly  good- . .  Successful  palliative 

r,  .,■   ..  1.  1-  -  I  Moderately  successful  palliative 

Palliative  result  lair i  t^  .  ,  ,  ,       ...     . 

[  Fairly  successful  palliative 

Palliative  result  fair  only Slightly  palliative 

Palliative  result  negative. .  -  .  .      Poor  result 

Fig.  I.  Schema  of  classification  of  results  of  radium 
treatments.  This  classification  has  been  very  carefully 
adhered  to,  and  every  detail  of  each  case  reviewed 
and  curves  plotted,  after  the  manner  of  those 
illustrating  this  article,  to  summarize  the  general 
results. 


It  was  stated  that  roentgenoscopy  and, 
in  less  measure,  roentgenography  afforded 
a  unique  means  of  aiding  in  the  emplace- 
ment of  the  radium  within  the  cancerous 
stricture,  and  of  observation  as  to  the 
permanency  of  such  emplacement  to  a 
degree  not  equaled  by  esophagoscopy  or 
approached  by  the  old  blind  method.  A 
method  of  emplacing  radium  under  .\-ray 
control  was  re\'iewed.  The  radium  in  a 
capsule  of  ordinary  type  with  suitable  filters 
of  brass,  German  sib'er  and  rubber,  was 
mounted  on  a  rubber-co\  ered  wire  of  a 
certain  texture  and  introduced  after  the 
manner  of  an  ordinary  esophageal  sound, 
and  when  the  terminal  was  favorably 
emplaced  within  the  stricture  the  appli- 
cator was  fixed  in  position  by  a  head 
bandage  and  left  in  situ  for  a  period  of 
hours. 

The  results  of  the  treatment  of  the  1 1 
cases  were  summarized  as  palliati\ely 
good,  without  any  case  giving  such  evidence 
as  would  suggest  that  a  cure  had  been 
effected. 

It  may  be  repeated  that  our  present 
position  after  the  additional  33  cases  to  be 
reported,  is  essentially  the  same;  though 
it  might   be  mentioned   that  one  of  the 
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ICLATIOS  OF  SOCCKSS  Or  TiEATUErrT  TO  DURATION  THAT  DISEASE  ZXISrao  SE70RE  TRBATffiNT 
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•Lott  truk  of. 


Fig.  2.  Table  illustrating  success  or  failure  of  treatment  as  to  longevity  after  radium 
treatment;  also  duration  of  disease  before  treatment,  whicfi  curiously  seems  to 
bear  little  relation  to  the  length  of  life  thereafter.  The   very    variable    length 

of  hfe  after  treatment  probably  reflects  different  histological  nature  of  the  lesion. 

cases  referred  to  in  our  first  paper  Hved  Table  II 

three  and  a  half  years,  dying   finally   of  gener.\l  results  of  r.\dium  treatment 

pulmonary    tuberculosis    and    exhaustion,  S"/,?*^* ■' ° 

J  ^i     ^  ^  r     J-  Palliative  result  good 12 

and  that  an  autopsy  gave  fmdmgs  encour-  Palliative  result  fairly  good 12 

aging    as    to    the    future    pOSsibiHtieS  of  the  Palliative  result  fair 14 

method.    Moreover,  with  recent  modifica-  Palliative  result  fair  only 3 

P       ,  ,      .  .  Palliative  result  negative 3 

tions    01    the    technique,    usmg    stronger  _ 

dosage,  palhative  results  have  been  better.  Total 44 

It     seems     probable     that     the     radium  *  Ten  cases  still  under  observation,  including  the  most 

.         ^           ^       r                         f    ^L                  L                •  favorableones  treated  by  recent,  more  vigorous  methods. 

treatment  01   cancer  or   the  esophagus  is  ^^          ,        •    ■    i-   .1     u     ■           u     r*     »       » 

J        .        ,                ,                      ,                    I          r          I  F'G.  3-  A  statistical  table  showing  results  ot  treatment 

destined      to      be      supplemented,      though  .,s  no^ed  according  to  schema  shown  in  Figure  i.  It 

hardly  replaced,  by  modern  massive  high-  may  be  observed  that  in  much  the  larger  proportion 

vnltaop     Y  rc^T    thprani^      Durlno-    thp    nict  of  cases  the  treatment  was  noted  as  palhatively  good 

\0ltage    x-ray    therapy.     JJuring    the    past  ^^  j.^;^)^,  ^^^j    ^j^^  method  of  radium  treatment  of 

tew  weeks  we  nave  been  treating  all  cases  carcinoma  of  esophagus  may  on  the  whole  be  con- 
under     observation     with     this     method     in  sidered    a   successful    palliative   procedure.    We   are 
JJV          ^     ...L                 r       J-           T^L               T..  inclined  to  rate  It  a  definite  advance  over  gastrostomy 
addition  to  the  use  01  radium.  1  he  results  .^^  ^  palliative  measure, 
so    far  have  not  been  striking.   It  would 

seem    that    the    present    series,    with  the  as  to  the  result  of  radium  therapy  probably 

exception  of  these  few  latter  cases,  having  not  possible  in  the  future  on  account  of 

been  treated  by  radium  alone,  will  have  the  obligation  to  use  -v-ray  therapy  as  a 

future  value  in  that  it  affords  a   criterion  supplement. 


150         Observations  on  the  Radium  Tre; 

The  diagnosis  was  estabHshcd  by  clinical 
methods  and  the  x-ray,  supplemented  in  a 
few  cases  by  esophagoscopy.  It  is  doubt- 
ful whether  there  were  any  errors  as 
suggested  by  the  subsequent  course  of  the 
disease — amenableness  to  radium  therapy, 
all  too  few  autopsies  and  occasionally 
operation  when  gastrostomy  had  to  be 
performed  and  where  the  lesion  demonstra- 
bly invoUed  the  abdominal  esophagus. 

The  possibility  of  metastases  being 
present  was  not  taken  into  consideration 
and   no  particular  diagnostic    search   was 


itment  of  Cancer  of  the  Esophagus 

The  applicator  used  is  simple,  almost  crude, 
and  consists  of  an  ordinary  brass  radium- 
bearing  terminal  mounted  on  a  heavy, 
square,  drawn  silver  wire  having  a  con- 
siderable alloy;  stiff  enough  to  hold  any 
angle  at  which  it  may  be  found  necessary 
to  deflect  the  terminal  in  order  to  canalize 
a  given  stricture,  and  not  twist  when 
rotated  in  the  esophagus.  It  should  not  be 
so  stiff  that  it  will  not  readily  take  the 
upper  pharyngeal  and  mouth  curves, 
and  {so  cause  irritation.  Over  the  wire  is 
drawn  a  rubber  tube  of  rather  heavy  wall 
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Fig.'' 4.  A  self-explanatory  statistical  tabic  indicating  incidence  as  to  sex,  age,  location  of  lesion,  stage  of 
advance,  and  degree  of  obstruction.  It  is  interesting  that  the  great  preponderance  of  cases  occur  in  males,  chiefly 
in  the  fifth  decade,  and  in  somewhat  less  measure  the  fourth  and  sixth,  that  all  portions  of  the  esophagus 
are  nearly  equally  affected,  that  most  cases  presenting  themselves  for  treatment  are  but  moderately  early,  that 
the  larger  percentage  of  cases  are  moderately  obstructive,  and  that  total  obstruction  is  not  common. 


made  for  them,  because  their  detection 
would  not  contraindicate  the  use  of  a 
method  as  yet  essentially  palliative,  and 
consequently  indicated  whether  secondary 
growths  were  present  or  not.  It  is  unique 
that  metastases  seem  to  occur  late  in 
carcinoma  of  the  esophagus.  In  the  two  of 
our  cases  that  lived  the  longest,  there  were 
no  secondary  growths  found  on  complete 
autop.sy. 

Naturally  one  of  your  chief  interests 
will  center  on  the  question  of  technique. 
This  may  be  divided,  first,  into  matter 
that  pertains  to  the  method  of  application 
and  secondly,  dosage.  The  technique  of 
application  is  not  easy,  a  matter  of  careful 
detail   and   difficult   to   express   in   words. 


and  fine  lumen,  so  that  it  may  snugly  fit 
the  wire  carrier,  and  of  the  same  external 
diameter  as  that  of  the  terminal  container. 
Over  the  radium-containing  capsule  with 
its  filters  is  drawn  and  cemented  a  rubber 
stall,  the  kind  used  being  a  portion  of  a 
fountain-pen  bladder.  Others  have  writ- 
ten of  more  elaborate  apparatus,  but  the 
one  described  is  designed  primarily  to  be 
utilized  under  .v-ray  control  and  has  been 
especially  planned  to  effect  accurate  canali- 
zation of  the  carcinomatous  stricture,  and 
maintain  such  position.  It  also  has  the 
ad\antage  of  easy  withdrawal  by  a  nurse 
or  other  attendant  in  case  the  patient  gets 
into  dilliculty.  It  is  somewhat  trying  to 
the  patient,  though  \ery  few  of  our  cases 
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have  failed  to  tolerate  it.  It  has  had 
to  be  withdrawn  but  8  times  in  125 
applications. 

A  preliminary  hypodermic  of  a  quarter 
of  a  grain  of  morphine  is  given  at  least  a 
half-hour  before  the  treatment  is  begun. 
This  is  of  the  greatest  importance,  and  to 
a  large  degree  makes  the  whole  procedure 
possible.  In  case  the  patient  becomes 
restless  or  nervous  during  the  treatment,  a 
second  smaller  dose  may  be  necessary. 

Before  the  applicator  is  introduced,  it  is 
of  the  greatest  importance  to  have  an 
entire  familiarity  with  the  individual 
lesion  through  previous  screen  and  plate 
studies.  The  stricture  should  be  observed 
in  both  right  and  left  lateral  poses  with 
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Fig.  5.  A  plotted  curve  graphically  illustrating  the 
result  of  radium  treatment  in  carcinoma  of  the 
esophagus.  In  this  case,  though  under  observation 
but  a  short  time,  the  palliative  result  has  been 
strikingly  good.  The  man  eats  everything  and  has 
returned  to  work.  At  present  (July  26,  1922)  the 
same  good  condition  obtains  six  and  a  half  months 
after  the  initial  radium  treatment.  The  patient  is 
working  and  in  the  best  of  health.  It  took  a  week  to 
learn  to  canalize  this  stricture  in  the  abdominal 
esophagus.  The  patient  was  apparently  within  weeks 
of  death  from  starvation  and  general  depression.  The 
case  illustrates  the  more  recent  method  of  using 
three  radium  treatments  in  rapid  succession:  i.e.,  at 
intervals  of  three  days,  which  we  have  learned  to 
regard  as  the  most  effective  procedure.  The  final 
palliative  result  is  rated  as  good.  It  is  conceivable]that 
it  may  result  in  a  cure.  ^ 

the  patient  standing,  and  its  direction  in 
each  determined,  thus  enabling  one  to 
form  a  mental  picture  of  its  direction  in 
two  90-degree  planes.  Just  a  second  before 
the  introduction  of  the  applicator  the 
patient  is  gi\en  a  mouthful  of  a  barium 
mixture;  either  a  water  mixture  or  a  stiffer 
medium  according  to  the  degree  of  obstruc- 
tion, so  that  the  stricture  may  be  made 
fluoroscopically  apparent  during  its  canal- 
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ization  by  the  radium  terminal.  In  ease 
the  stricture  is  but  slight  and  non-reten- 
tive, additional  barium  mixture  may  be  fed 
by  a  spoon  alongside  the  apphcator, 
though  this  is  not  always  successful. 
Another  procedure  in  cases  where  there  is 
but  shght  obstruction,  is  to  mark  on  the 


The  applicator  is  prepared  for  introduc- 
tion by  carefully  straightening  the  shaft 
and  deflecting  the  terminal  at  an  angle 
corresponding  to  that  of  the  stricture  in 
relation  to  the  longitudinal  axis  of  the 
esophagus  above.  The  end  of  the  applicator 
that  Is  to  extend  out  of  the  mouth  is  bent 
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Fig.  7.  A  curve  graphically  illustrating  the  course  of  a  case  treated  by  radium  after  the 
original  method,  i.e.,  using  radium  on  the  recurrence  of  symptoms.  Patient  Hvcd  one 
year  and  seven  months,  dying  finally  of  inanition  resulting  probably  largely  from 
secondary  contracture.  The  final  result  is  rated  as  palliatively  fairly  good. 


skin  of  the  body  the  proximal  and  distal 
levels  of  the  stricture  with  the  patient  In  a 
very  carefully  noted  diagonal  pose.  The 
correct  position  of  the  applicator  In  the 
stricture  will  correspond  to  these  marks 
when  the  patient  Is  In  exactly  the  same 
pose   as   controlled   ortho-fluoroscoplcally. 
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Fig.  8.  A  graphic  record  indicating  the  course  of  a  case 
after  radium  treatment.  The  patient  lived  seven 
months  after  the  initial  treatment.  The  result  is 
classified  .-is  but  palliatively  fairly   good. 

The  feel  of  the  applicator  canalizing  the 
stricture  is  of  help.  In  tlie  great  majority 
of  instances  such  procedure  will  not  be 
necessary,  as  the  stricture  usually  contains 
a  sufRcIent  thread  of  barium  which,  to- 
gether with  some  retained  in  the  |:)r()ximal 
dilated  esophagus  above,  will  identify  It. 


Into  a  circular  form  whose  plane  will  be 
exactly  in  that  of  the  deflected  radium 
terminal,  so  that  It  may  give  Information 
as  to  the  direction  of  the  latter  after  the 


EBting  svet7tHng 
Ssmi  aalids 
Soft    foods 
Liquids  only 
Absolute   atsnosls 

rionaal  weight  line 

160 
ISO 
140 
130 
UQ 


■ 

^  l-""       "         t 

tj  ^^/^^     I        t 

^Z,^           -^  I     -.^ 

1  t^          "-r      li 

?p                     r              i'-^ 

•          !      1 

1      1                                  1 

I^         _            I           J.       -           I^ 

J-^                          -'^               4         - 

tj                             L               ^         _ 

t^                       i_            i       -X 

^^                      r                    _i; 

3^J          -          -t- 

r  1                     "H 

^■-4-                  'l            I 

-'d- P-          +       - 

1     .                                  !                    TT"—  -  ^ 

Fig.  9.  A  curve  showing  the  results  of  radium  treatment 
in  a  case  in  which  the  result  is  classified  as  palliatively 
fair.  Case  totally  obstructed  when  first  seen;  a 
stretcher  case.  Esophagus  opened  by  radium  treat- 
ment so  that  the  patient  was  able  to  eat  soft  food. 
The  curve  is  influenced  by  the  fact  that  a  gastrostomy 
had  to  be  done  before  the  patient  developed  sulli- 
cient  strength  to  undergo  the  radium  treatment. 

applicator  is  within  the  esophagus.  In 
making  the  introduction  the  patient  sits 
on  a  rather  low  stool,  the  operator  standing 
behind  him.  The  applicator  is  introduced 
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after  the  manner  of  an  ordinary  esophageal 
bougie,  great  care  being  taken  to  see  that 
the  patient's  head  is  kept  always  back  so 
that  the  esophagus  and  pharynx  are  as 
nearly  in  a  straight  line  as  possible,  and 
to  a\oid  bending  the  shaft  of  the  applicator 
which  would  make  a  successful  rotation  of 
the  terminal  impossible.  One  of  the  greatest 
difficulties  is  to  pass  the  pharyngeal  esoph- 
agus with  the  radium-bearing  terminal 
of  the  applicator  deflected  at  as  marked  an 
angle  as  Is  often  necessary,  especially  the 
case  when  the  lesion  is  in  the  abdominal 
esophagus.  Various  tricks  are  of  use  almost 
impossible  to  describe.  After  the  applicator 
has  reached  the  lowest  levels  of  the  dilated 
esophagus,  the  patient  Is  made  to  stand, 
carefully  keeping  the  head  extended,  and 
is  guided  behind  the  fluoroscopic  screen. 
When  properly  placed,  usually  In  the  right 
lateral  pose,  an  effort  is  made  to  canalize 
the  stricture  by  manipulating  the  portion 
of  the  applicator  projecting  from  the 
mouth,  at  the  same  time  observing  the 
procedure  fluoroscoplcally,  the  circle-like 
form  into  which  this  portion  was  bent 
before  the  introduction,  aiding  greatly. 
If  the  terminal  does  not  immediately 
engage  the  stricture,  which  is  usually  the 
case,  the  applicator  may  be  rotated  outside 
the  mouth  until  it  is  tricked  or  jumped  into 
the  opening  of  the  stricture,  keeping  in 
mind  the  essential  Indu'Idual  two-planed 
plan  of  that  particular  stricture.  The 
fluoroscope  gives  a  vivid  idea  of  how  easy 
it  would  be  to  perforate  the  esophagus, 
were  the  terminal  not  exactly  engaged  in 
the  stricture  and  external  pressure  exerted. 
An  anteroposterior  view,  or  a  left  lateral 
rotation  of  the  patient,  is  helpful.  The 
whole  procedure  is  somewhat  after  the 
manner  of  the  catheterization  of  the  Eusta- 
chian tube,  though  with  the  advantage 
of  being  visible  and  the  disadvantage  that 
the  procedure  will  never  be  the  same  in 
any  two  cases.  When  the  applicator  is  in 
place,  it  Is  fixed  in  position  by  a  narrow 
bandage  arranged  In  bridle  fashion  about 
the  patient's  head  and  neck.  After  It  Is 
thus  fixed  in  position,  the  patient  with 
head  extended,  is  led  to  another  room 
where  a  suitable  recllnlng-chair  with  head- 
rest has  been  prepared  for  him  to  sit  in 
during  the  period  of  treatment.  The  head- 


rest is  arranged  so  that  the  head  is  kept 
always  extended;  this  on  account  of  the 
danger  of  injury  through  movements  of 
the  head,  and  that  the  shaft  may  be  kept 
in  an  approximately  straight  line,  so  that 
further  manipulations  during  the  course 
of  the  treatment  are  possible  if  they  be- 
come necessary.  The  position  of  the  ter- 
minal can  be  checked  fluoroscoplcally  a 
few  times  during  the  treatment.  In  in- 
stances of  a  lengthy  stricture  the  bridle 
bandage  can  be  readjusted  so  that  the 
terminal  will  extend  slightlj'  lower  into 
the  stricture  for  the  second  half  of  the 
treatment,  in  order  to  Irradiate  all  portions 


Fig.  10.  Above,  the  .applicator  .is  ready  for  use,  the 
wire  shaft  covered  with  rubber  tubing,  rubber  stall 
cemented  over  terminal.  The  terminal  is  shown  bent 
at  an  obtuse  angle  as  though  for  the  canalization  of  a 
given  carcinomatous  stricture  in  which  exactly  such 
deflection  is  necessary. 

Below,  the  metal  terminal  and  wire  carrier. 
The  proximal  portion  ol  the  applicator  is  shown  bent 
in  spiral  form  as  ready  for  use.  The  plane  of  such 
spiral,  being  in  exactly  that  of  the  deflected  terminal, 
indicates  its  direction  when  in  the  esophagus. 

of  it.  At  the  end  of  the  six-hour  period  the 
applicator  Is  withdrawn  after  a  final  fluoro- 
scopic obser\"ation  as  to  its  position.  The 
presence  of  any  blood  on  it  should  be  noted. 
A  careful  and  detailed  record  is  kept  of 
every  stage  of  the  application,  and  a  final 
note  made  as  to  the  exact  technique  that 
was  successful  in  that  particular  case; 
especially  a  description  of  the  different 
directions  and  rotations  necessarj-  to  canal- 
ize the  stricture.  Often  a  tracing  of  the 
deflection  of  the  terminal  and  sketches 
are  helpful.  In  our  series  in  no  case  did  vye 
fail    to   canalize   the  stricture,   though   in 
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certain  instances  it  has  taken  efforts  on 
several  successive  days,  and  as  long  as  a 
week  to  accomplish  this  finally,  through 
gradually  accumulated  experience  with 
that  particular  case.  In  no  instance  was 
injury  done.  One  must  pause  to  imagine 
what  doubtless  happened  in  the  old  days 
of  blind  esophageal  Instrumentation;  we 
doubt  not  that  many  a  perforation 
occurred  which  was  not  reported  in  the 
literature.  The  earliest  case  of  carcinoma 
of  the  esophagus  that  we  have  ever  seen. 


radium  i  In.  from  the  tip  of  the  tube, 
the  tip  acting  as  a  guide.  In  2  cases  the 
carcinomatous  stricture  was  canalized 
when  there  had  been  absolute  obstruction 
for  more  than  a  week.  This  was  effected 
by  finding  a  sort  of  cleavage  point  and 
gradually  working  the  terminal  Into  it.  In 
certam  strictures,  only  the  proximal  portion 
can  at  first  be  canalized,  but  It  has  been 
found  that  If  the  radium  be  left  so 
emplaced.  In  a  few  hours.  It  will  gradually 
work  deeper,  either  as  a  result  of  gentle 


Fic.  II.  Showinf;  a  characteristic  carcinoma  of  the  very 
lower  thoracic  and  abdominal  esophagus,  a  common 
form,  diflicult  oi  canalization  on  account  of  the 
degree  of  angulation  of  the  thoracic  esophagus. 
Compare  with  the  following  illustration  indicating 
the  method  of  canalization  by  the  deflected  radium 
terminal. 

as  shown  by  autopsy,  was  perforated  by  a 
practitioner  with  an  ordinary  bougie. 

Modifications  of  the  technique  may  be 
necessary  to  suit  the  Individual  case. 
Thus,  at  times  the  stricture  is  so  narrow 
that  certain  filters  must  be  omitted  to 
effect  canalization.  In  certain  instances 
the  applicator  must  be  mounted  in  a  small 
colon  tube  or  large  catheter  to  effect 
the  canalization  of  the  abdominal  esopha- 
gus  on   account   of   its   abrupt   curve.    If 

■         •         I  I  I 

this  IS  necessary,  it  is  best  to  anchor  the 


Fig.  12.  Showing  the  marked  deflection  of  the  radium 
terminal  necessary  to  canalize  a  given  "carcinomatous 
stricture  of  the  abdominal  csophagus.JCompare^with 
the  preceding  figure. 

pressure  by  the  terminal  or  shrinkage 
through  the  action  of  the  radium;  perhaps 
both. 

In  all  probability  the  means  described 
can  be  Improved  upon,  but  It  has  been 
found  reasonably  effective,  and  Is  the 
product  of  actual  experience. 

TECHNIQUE   OF    DOSAGE 

It  is  obvious  that  certain  principles  as 
to  dosage  are  applicable  in  carcinoma  of 
the  esophagus.  It  is  equally  obvious  that 
there  arc  restrictions  as  to  the  means  and 

manner  of  Irradiation  on  acct)unt  of  the 
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position  and  physical  peculiarities  of  the 
tumor.  It  is  evident  that  distance  fdtration 
is  not  possible,  and  that  intimacy  of 
contact  is  possible.  Peripheral  secondary 
supportive  irradiation  is  impossible;  the 
tumor  can  be  irradiated  only  centrally. 
Radiation  by  emanation  needles  is  hardly 
feasible,  though  it  might  be  attempted 
under  esophagoscopic  control,  and  is  not 
appropriate  on  account  of  the  danger  of 
perforation  and  deep  slough  with  the  result- 
ing possibility  of  secondary  perforation.  On 
the    other    hand,    a    certain    amount    of 


to  be  thickest.  Naturally  these  areas  will 
usually  be  the  median  zones  of  the  tumor. 
In  lengthy  strictures,  which  are  not  very 
common,  it  may  be  best  to  irradiate  first 
the  upper  portion,  then  the  lower.  The 
two  positions  thus  taken  by  the  applicator 
will  usually  overlap  in  the  median  thicker 
zones  of  the  tumor,  effecting  its  more  inten- 
sive local  Irradiation.  As  a  matter  of  fact, 
this  end  will  generally  be  effected  auto- 
matically, as  if  placed  in  the  higher  levels 
of  the  stricture  initially  the  terminal  will 
gradually  sink  lower  during  the  treatment 


Fig.  13.  Illustrating  stasis  pidMnial  to  a  totally  obstruc- 
tive carcinoma  of  the  esophagus.  Phite  two  days 
after  initial  barium  ingestion.  Stretcher  case.  Patient 
unable  to  swallow  even  water  for  one  week  previous 
to  initial  observation.  Compare  with  two  following 
figures  which  show  the  method  of  canalization  of 
such  a  lesion  (Fig.  14)  and  the  result  (Fig.  15). 

superficial  slough  within  the  lumen  ot  the 
esophagus  may  be  of  benefit,  through 
affording  relief  of  the  obstruction. 


DOSE 

The  dose  should  be  as  large  as  can  be 
tolerated  by  normally  local  tissue  with 
fair  safety.  It  should  be  applied  to  all 
portions  of  the  tumor,  but  maximally  to 
those  portions  that  are  probably  or  can 
be   actually   determined    by   -v-ray   plates 


14.  I  Ik  t.inalization  of  a  previously  totally 
obstructive  carcinomatous  stricture  of  the  esophagus. 
(See  preceding  figure.)  The  illustration  was  made 
during  the  third  radium  treatment  after  the  total 
obstructive  stricture  had  become  patent  to  a  slight 
degree.  The  danger  of  the  blind  method  without 
control  by  the  .x-ray  is  suggested,  as  it  will  be  noted 
that  the  radium  terminal  is  not  in  the  axis  of  the 
esophagus,  and  a  perforation  might  occur.  In  this 
instance  the  terminal  was  driven  into  a  totally- 
obstructing  carcinomatous  mass  after  finding  a  sort 
of  line  of  cleavage,  with  the  result  that  the  total 
obstruction   was   relieved.    (See   following   figure.) 

as  the  result  of  the  pressure  and  the  adjust- 
ment of  the  applicator  to  the  esophageal 
curves,  or  perhaps  through  actual  shrink- 
age of  tissue  due  to  the  action  of  the 
radium.  During  the  latter  stages  of  the 
treatment  it  may  be  necessary  to  elevate 
again  the  terminal  to  the  upper  reaches  of 
the  stricture. 
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As  to  the  dosage  itself,  we  have  taken 
the  position  that  it  was  best  to  use  a  dose 
well  within  the  bounds  of  safety;  and  the 
majority  of  our  cases  have,  with  this  idea, 
been  treated  with  a  dose  that  we  must  now 
regard  as  not  only  entirely  safe,  but  as 
inadequate  to  the  demands  of  the  situation. 
Consequently  of  late  we  have  been  treat- 
ing cases  with  a  considerably  heavier 
dosage.  The  smaller  original  dose  was  50 
mgm.  of  radium  element  left  in  situ  for 
six  hrs. — 300  mgm.  hrs.  Our  later  plan 
has  been  to  use  the  same  dose  but  repeat 


Fig.  15.  Fonmrly  totally  obstructive  stricture  of  the 
esophagus  opened  by  radium  treatment  in  definite 
degree.  Plate,  taken  three  days  after  third  treatment, 
shows  definite  canahzation  by  barium.  Patient  able 
to  take  soft  foods  and  resume  work  for  a  time  as 
salesman  in  a  furniture  store.  (See  two  preceding 
figures.) 

it  every  third  day  for  three  times,  totaling 
900  mgm.  hrs.  We  have  considered  these 
three  successive  applications  as  amounting 
to  a  single  dose  as  they  occur  well  within 
the  period  of  cellular  reacti^"e  change. 
Since  results  ha\e  been  rather  strikingly 
better  since  using  this  larger  dose,  and 
especially  since  no  untoward  results  have 
occurred,  we  feel  that  a  still  larger  dose 
may  be  attempted  in  the  future,  and 
anticipate  using  next,  1,200  mgm.  hrs.;  in 
our    opmidii    ]:)robal)l\     a    safe    procedure 


with  the  same  filtration  as  that  used  in 
all  treatments,  namely,  }2  mm.  of  German 
silver,  i  mm.  of  brass  and  a  thickness  of 
rubber.  We  also  anticipate  that  in  certain 
more  extensive  tumors  a  larger  amount 
of  radium,  probably  75  mgm.  can  be 
used  to  ad\antage,  on  account  of  the 
fact  that  it  is  doubtful  whether  the  smaller 
dose  effectively  irradiates  the  entire  lesion. 
It  has  the  considerable  disadvantage  of 
being  more  bulky. 

Our  original  plan  was  to  treat  initially 
with  the  dose  mentioned,  300  mgm.  hrs., 
repeating  this  on  the  recurrence  of  un- 
favorable symptoms,  if  necessary  a  num- 
ber of  times.  Feeling  that  there  is   just  a 

Radium   Treatment  No.  2 

9  a.m.     Hypodermic    injection   of  yi  gr.  of  morphine 

and  '  1  gii  gr.  of  atropine. 

10  a.m.     Introduction  of  50  mg.  of  radium  mounted  on 

ordinary  applicator,  filtered  with  rubber, 
brass,  and  silver. 

Introduction  most  difficult,  i.e.,  difficult  to 
pass  pharynx  with  adequate  angulation,  and 
more  difficult  to  canalize  full  depth  of 
stricture. 

Technical.  Terminal  deflected  rather  mark- 
edly in  one  plane  and  slightly  laterally  in  right 
angle  plane  (90°).  Need  really  more  angula- 
tion than  was  possible  on  account  of  double 
right  angulated  course  of  lower  stricture  (seen 
with  patient  in  left  lateral  position). 
Radium  left  nearly  imbedded  in  upper  half 
of  stricture  but  not  canalizing  "double  angle" 
(did  canalize  at  initial  treatment). 
See  Sketch. 

Radium  as  last  emplaced. 

Radium  slightly  higher  than  as  last  emplaced. 
Replaced  slightly  lower  level  in  '  "false  pocket." 
As  last  emplaced.  Removed.  No  blood. 
Patient  in  good  shape. 

Fig.  16.  Page  from  detailed  notes  showing  method  of 
recording  data  pertaining  to  radium  treatments  with 
special  reference  to  the  technique  necessary  in  the 
individual  case.  (See  two  succeeding  illustrations.) 

possibility  of  developing  a  radical  cure  of 
the  disease,  given  early  diagnosis,  and 
hoping  thus  to  prevent  secondary  sclerosis 
with  late  contractural  stenosis,  we  have 
concluded  that  the  treatment  must  be  as 
maximally  massive  as  safety  will  permit. 
To  repeat;  as  far  as  we  have  tried  heavier 
dosage,  the  results  are  distinctly  more 
palliati\ely  favorable  than  with  the  smaller 
dose. 

CONCLUSIONS 

We  may  state  our  conclusions  as  to  the 
results  of  the  treatment  of  the  cases 
reported.     Rather    elaborate     notes     ha\e 


1 1  a.m. 
2  p.m. 


4  p.m. 
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been  kept  and  an  effort  made  to  keep  in 
touch  with  all  patients,  noting  the  general 
outcome  and  clinical  course  of  the  disease. 
But  4  patients  were  lost  track  of. 

It  is  difficult  to  form  an  estimate  as 
to  the  benefit  of  the  treatment  because  of 
different  initial  conditions.  No  case  was 
refused  treatment.  Most  of  the  cases 
were  lamentably  late,  some  were  totally 
obstructed,  some  gastrostomized,  some 
stretcher  cases,  and  pitifully  none  were 
what  could  be  considered  very  early. 
Apropos  we  might  make  a  hard  arraign- 


educational  propaganda  is  needed  after  the 
fashion  of  that  conducted  in  the  instances 
of  pulmonary  tuberculosis,  cancer  of  the 
breast,  uterus  and  so  on,  but  more  ditffcult 
because  of  the  comparative  rarity  of  the 
disease. 

As  previously  stated  we  have  seen  no 
case  that  would  indicate  that  a  cure  had 
been  effected,  nor  do  we  believe  that  in 
our  series  any  case  will  probably  result 
in  a  cure.  This  in  itself  is  naturally  dis- 
couraging. On  the  other  hand  it  may  be 
emphasized    that    we   have    made   but   a 


Fig.  17.  Page  from  original  notes  showing  sketches 
illustrating  exact  degree  of  deflection  of  radium 
terminal  and  manner  of  manipulation  necessary  to 
canalize  the  stricture  in  a  given  case.  (See  preceding 
figure,  same  case.) 

ment  of  those  who  first  see  these  cases, 
give  medicine,  temporize,  and  hope  until 
the  condition  becomes  advanced,  without 
attempting  to  make  a  diagnosis.  A  still 
more  depressing  view  is  that  many,  even 
most  of  the  patients  themselves,  being 
nervously  sound  and  usually  in  good  health 
otherwise,  do  not  seek  aid  for  sometime 
after  the  onset  of  difficulty  in  swallowing 
certain  foods,  and  until  they  have  at- 
tempted various  home  methods  of  relief. 
In  order  to  diagnose  these  cases  early, 
and    thus    afford    them    better    help,    an 


Fig.  18.  Page  from  original  notes.  Sketch  made  from 
tracing  of  applicator  showing  ex.act  degree  of  deflec- 
tion of  terminal  and  shaft  necessary  to  canalize  a 
given  stricture.  Such  information  thus  readily 
available  for  future  treatments.  (See  two  preceding 
illustrations,  same  case.) 

beginning.  As  in  .v-ray  therapy,  certain 
discouraging  phases  must  be  passed 
through.  We  are  at  present  accumulating 
knowledge  and  experience  on  which  we 
may  modify,  reconstruct  and  build  our 
methods  of  the  future.  It  is  encouraging 
that  cancer  of  the  esophagus  shows  a 
definite  amenability  to  a  degree  to  radium 
therapy.  The  principles  are  obvious.  Even 
in  our  small  series,  and  with  but  a  very 
restricted  variation  as  to  dose,  we  have 
obtained    much    better    palliative    results 
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of  late  than  we  did  at  first,  and  we  now 
anticipate  good  palHative  results  with  a 
considerable  degree  of  confidence.  We 
must  regard  the  treatment  as  a  success- 
ful palHative  measure.  It  unquestionably 
prolongs  life  and  lessens  the  agony  of 
starvation  and  thirst. 

In  our  series  of  44  cases,  the  palliative 
result  was  strikingly  good  in  12;  in  an 
additional  12,  it  may  be  summarized  as 
fairly  good;  in  14,  fair;  in  3,  fair  only,  and 
in  3  others  it  was  considered  negative. 
Thirtv-four  cases  have  died;    10  are  still 


thereafter.  This  is  probably  only  apparent 
and  indicates  the  period  during  which  the 
symptom-provoking  obstruction  has  ex- 
isted. The  longest  duration  of  life  after 
treatment  was  three  and  a  half  years.  In 
this  instance  an  autopsy  indicated  that 
death  was  not  due  to  the  lesion  directly. 
The  original  site  of  the  carcinoma  in  the 
lower  thoracic  esophagus  was  a  mass  of  scar 
tissue  in  which  were  caught  carcinomatous 
cells.  The  disease  had  extended  down  the 
abdominal  esophagus  and  formed  a  small 
cancerous     collar    about     the     cardia.    It 


Fig.  19.  A  specially  constructed  cardiospasm  dilator 
in  silu  divulsing  a  "  cardiospasm."  Illustration  to  show- 
that  the  method  of  .\-ray  control  is  very  applicable  in 
other  esophageal  instrumentations.  The  dilator 
contains  bismuth  in  the  tip  and  is  provided  with  lead 
ring  markers.  The  divulsion  of  cardiospasm  by  such 
an  apparatus  is  a  revelation  as  to  what  occurs  and 
what  must  not  have  occurred  by  the  old  blind 
method.  It  has  been  found  that  the  divulsing  balloon 
is  best  used  smaller  than  as  in  the  older  dilators. 
(See  following  figure.) 

living  and  under  observation.  The  length 
ot  lite  after  treatment  varies  exceedingly, 
in  general,  in  proportion  to  the  stage  and 
severity  of  the  disease.  It  seems  possible 
also  that  it  may  vary  according  to  the 
histological  character  of  the  lesion.  Curi- 
ously, there  seems  little  relation  between 
the  time  that  the  disease  had  existed 
before    treatment    antl    the   length   of  life 


Fig.  20.  To  illustrate  another  outlet  for  v-ray  control  of 
esophageal  instrumentation.  The  divulsion  by  a 
bougie  of  a  stricture  of  the  esophagus,  here  probably 
largely  the  result  of  the  radium  treatment  of  a 
carcinoma,  by  an  ordinary  silk  gutta-percha  bougie 
loaded  with  bismuth. 


could  possibly  ha\e  been  controlled  here, 
had  this  been  determined  to  have  been  the 
case  during  life.  .Most  interestingly  the 
lesion  was  histologically  an  epithelioma, 
common  in  the  esophagus  but  exceedingly 
rare  in  the  stomach,  especially  the  fundus 
of  the  stomach,  and  thus  strongly  suggest- 
ing that  there  had  been  an  extension  from 
an  original  esophageal  lesion.  Another 
case  li\ed  two  years  and  four  months; 
another,  a  year  and  seven  months;  the 
remainder  of  those  not  li\  ing  died  within 
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a  year.  When  one  recalls  that  cancer  of 
the  esophagus  kills  with  almost  unprec- 
edented rapidity  it  cannot  but  be  con- 
sidered that  the  treatment  lengthened 
life  appreciably.  In  all  but  3  cases  there 
was  relief  of  dysphagia — in  certain  of 
these  very  striking.  Patients  scarcely  able 
to  take  water,  and  that  not  in  adequate 
amounts,  were  able,  after  treatment  to 
take  a  liberal  soft  diet;  and  in  certain  recent 
more  heavily  treated  cases  the  patients 
can  eat  everything  including  such  foods  as 
cabbage  and  dried  herring.  Of  these  latter 
favorable  cases,  a  few  regained  nearly 
former  weight,  returned  to  work  and  are 
still  working.  One  man  who  was  within 
weeks  of  death  three  months  ago  is  walking 
twelve  miles  a  day  as  an  inspector. 

The  treatment  has  resulted  as  is  often 
the  case  in  similar  endeavors,  in  the  devel- 
opment of  unforeseen  difficulties.  Thus  the 
problem  of  secondary  sclerotic  stenosis,  that 
must  be  dealt  with  as  a  benign  stricture 
requiring  bouginage,   is   a   real   difficulty. 

The  occurrence  of  pain,  thoracic  in 
general,  or  of  curious  reflection  to  pectoral 
or  other  regions,  even  the  jaws  and  teeth,  is 
an  unfortunate  secondary  development  that 
we  have  learned  to  regard  as  an  ill-omen, 
and  probably  indicates  the  peripheral 
extension  of  the  lesion  with  involvement  of 
nerve  tracts.  This  pain  has  a  most  un- 
favorable influence  in  lowering  the  general 
condition  and  morale  of  the  patient.  Ordi- 
narily such  pain  is  not  seen  in  cancer  of  the 
esophagus,  oecause  patients  do  not  live 
long  enough  to  develop  it.  Secondary'  inter- 
mittent spasm  at  the  site  of  the  stenosing 
stricture  caused  much  distress  in  certain 
cases. 

DISCUSSION 

Dr.  Kimbrough.  There  are  only  one  or  two 
points  to  which  I  wish  to  call  attention.  First, 
every  patient  has  received  immediate  relief. 
I  do  not  think  the  immediate  relief  was  entirely 
due  to  the  radium,  but  partly  to  the  effect  of 
the  bougie  and  instrumentation,  although  I  do 
think  that  the  radium  has  enabled  the  structure 
to  remain  open.  The  first  essential  in  these 
cases  is  to  know  the  location  and  extent  of  the 
tumors.  The  next  is  the  dosage.  From  the  speci- 
men we  were  fortunate  enough  to  obtain  after 
the  post-mortem,  we  found  the  entire  tumor 
growth  had  been  destroyed.  Now  if  that  is 
true,  we  can  hope  for  better  results  if  we  can 


use  enough  radium  to  destroy  the  entire 
cancer  gro\\th.  All  the  patients  have  been 
benefited,  but  the  statistics  show  that  only  10 
are  alive.  Our  results,  therefore,  have  only  been 
palliative.  How  can  we  improve  these?  I 
believe  \\e  will  get  better  results  by  increasing 
the  dosage.  We  were  giving  50  mgm.  for  six  hrs., 
and  repeating  this  in  six  weeks.  I  think  a  larger 
dose,  say  75  mgm.  repeated  every  three  days 
until  they  have  three  or  four  doses,  would  give 
better  results. 

Dr.  Quigley.  Within  the  last  few  years,  we 
have  found  out  a  good  deal  about  cancer  of  the 
esophagus,  because  we  have  gi\en  it  more 
attention.  It  was  formerly  considered  incurable, 
and  not  much  attention  was  paid  to  it.  Cancer 
of  the  esophagus  constitutes  about  9  per  cent 
of  the  cancer  deaths  in  America,  England  and 
Wales,  and  other  countries  from  which  we  get 
statistics.  Any  disease  with  such  a  large 
percentage  of  deaths  should  be  of  great  interest. 

Another  tiling  of  interest  is  that  on  post- 
mortem, we  find  in  these  cases  of  cancer  of  the 
esophagus,  that  the  patients  nearly  always 
succumb  because  of  a  mechanical  efTect.  The 
patient  starves  to  death  because  the  esophagus 
is  shut  off.  The  small  percentage,  about  5  per 
cent,  that  are  of  the  glandular  tj'pe,  are  untreat- 
able  and  incurable.  We  do  not  need  to  consider 
them.  Those  grave  ones  start  at  the  bifurcation 
or  at  the  cardia  opening,  and  they  usually 
remain  for  a  long  time  localized  in  one  particu- 
lar spot.  They  do  not  metastasize  early,  so  if 
radium  is  applied  early  in  the  disease  and 
applied  properly,  these  things  should  be 
curable,  and  I  hope  to  see  in  the  future  that 
they  are. 

One  other  point  that  I  wish  to  call  to  your 
attention,  which  I  consider  of  great  im- 
portance, is  this:  In  looking  up  the  registra- 
tion statistics,  in  the  United  States,  England 
and  Wales,  we  find  one  symptom  outstanding 
in  the  making  of  early  diagnoses  in  these  cases, 
and  this  one  symptom  is  usually  overlooked 
by  the  doctor  to  whom  the  patient  goes  for 
relief.  That  is,  the  difficulty  in  swallowing. 
Patients  complain  of  pain  and  of  coughing  up 
blood,  but  in  the  early  stage  they  complain  of 
the  dysphagia,  or  difficulty  in  swallowing.  If  we 
investigate  with  the  x-ray  everything  of  this 
nature  that  comes  to  the  office  of  the  general 
practitioner  we  will  get  a  lot  of  these  cases 
early  enough  and  localized  enough  so  that  we 
can  get  many  more  cures. 

We  use  the  Sippy  instrument  in  treatment  of 
these  cases.  We  dilate  them  first  by  a  44  or  48 
bougie,  and  then,  after  we  dilate  them,  we  put 
the  radium  tube  at  the  shoulder  of  the  largest 
bougie,  then  introduce  the  Sippy  bougies  down 
along  the  piano  wire  so  that  when  withdrawn  a 
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short  distance,  we  have  the  radium  tube  right 
in  the  narrow  space.  We  have  had  good  results 
in  treating  these  growths  in  this  way. 

Dr.  Stone.  I  thinlc  the  doctor  is  to  be  con- 
gratulated on  the  efforts  he  has  made.  I  have 
observed  the  work  which  was  begun  by  Dr. 
Janeway  and  followed  recently  by  Dr.  Quick, 
and  the  results  have  so  far  been  discouraging. 
The  difficulty  of  getting  these  cases  early 
appears  to  depend  upon  the  peculiar  anatomy 
of  the  esophagus.  The  mucosa  is  extremely  thin 
and  delicate,  and  the  growth,  instead  of  spread- 
ing by  direct  continuity  of  mucous  membrane, 
penetrates  deeply,  and  then  spreads  beneath 
the  mucosa,  so  that  often  another  lesion  may 
appear  several  inches  away  from  the  original 
site.  I  am  afraid  that  most  of  the  immediate 
results  that  have  been  obtained  have  been  due 
to  the  stretching  of  the  growth  during  the 
manipulation  of  the  treatment.  Primary  per- 
foration from  this  manipulation  may  be  pre- 
vented, but  subsequent  perforation  may  result 
from  the  necrosis  which  the  radium  has 
produced — occurring  sometimes  hve  or  six 
weeks  after  treatment  has  been  applied. 

Dr.  Hanford.  I  was  much  interested  in  the 
technique  given  by  the  essayist.  I  have  elimi- 
nated the  introduction  of  the  metal  guide.  It  is 
continuously  irritating,  and  the  patient  is 
continually  gagging.  There  was  a  time  when  I 
employed  whalebone  to  introduce  radium  to  the 
site  of  the  lesion.  Also  soft  silver  wires  had 
their  day,  but  they  were  very  distressing  to  the 
patient  and  have  been  discontinued.  I  also 
use  the  piano  wire,  to  commence  the  dilation. 
In  the  first  step  I  have  the  patient  swallow 
silk  twist,  letter  D  or  E.  This  should  be 
anchored  in  the  intestine  in  twenty-four  hrs., 
and  will  act  as  guide  for  the  piano  wire  as  well 
as  the  radium  carrier.  It  is  understood  that  the 
stricture  has  been  located  before  dilation  is 
attempted.  The  silk  twist  is  now  threaded 
through  the  cone-shaped  end  on  the  piano  wire 
and  the  latter  is  passed  down  the  silk  thread  till 
the  end  is  in  the  stomach.  At  this  point  the 
olivary  bodies  are  threaded  on  to  the  piano  wire 
until  the  patient  is  able  to  take  a  No.  41.  These 
are  pushed  down  through  the  stricture,  after 
which  the  piano  wire,  together  with  the  olivarj- 
bodies,  is  removed.  The  string  is  still  retained  as 
the  guide  for  the  carrier.  My  carrier  is  very 
simple.  It  consists  of  a  metal  barrel  (brass) 
3  cm.  long,  8  mm.  outside  diameter,  i  mm.  wall 
thickness.  On  the  distal  end  is  a  cone-shaped 
body  about  i  cm.  long,  and  on  the  end  of  this 
is  a  hollow  spiral  wire  7  cm.  long.  There  is  an 
opening  on  the  side  of  this  spiral  wire  near 
where  it  joins  the  main  portion  of  the  carrier. 
The  silk  twist,  which  is  acting  as  our  guide,  is 
threaded    through    this    spiral    wire.    On    the 


proximal  end  of  the  barrel  of  the  carrier  is  a 
screw  cap,  in  the  head  of  which  is  a  hole  where 
the  end  of  my  spiral  wire  pusher  loosely  fits. 
There  is  also  a  small  hole  through  this  cap 
where  the  heavy  silk  cord  is  threaded,  by  which 
the  carrier  is  removed  after  irradiation.  In 
introducing,  the  assistant  holds  the  silk  twist 
guide  taut,  and  the  carrier  is  made  to  slide 
down  the  twist  by  means  of  the  pusher.  The 
heavy  removal  cord  is  held  tight,  so  that  the 
pusher  will  not  be  dislodged,  in  its  passage 
down.  The  patient  is  all  this  time  behind  the 
lluoroscope.  When  the  barrel  of  the  carrier  is  at 
the  point  of  stricture,  which  has  already  been 
located  by  a  coin  on  the  chest  wall,  when  the 
patient  was  swallowing  the  bismuth,  the  pusher 
is  removed,  leaving  the  carrier  in  position.  The 
removal  cord  is  fastened  to  the  cheek  by  adhe- 
sive tape.  If  there  is  any  fear  that  the  patient 
may  bite  through  the  string,  the  latter  can  be 
fastened  to  a  tooth.  Two  mm.  wall  thickness 
rubber  tubing  is  slipped  over  the  barrel,  to 
absorb  the  secondary  rays.  The  carrier  may 
remain  in  position  for  twenty-four  hrs.  without 
discomfort  to  the  patient. 

My  dosage  is  larger  than  when  I  gave  my 
preliminary  report,  and  by  this  increase  I  find 
our  results  are  better.  I  now  give  600  to  800 
mgm.  hrs  at  the  first  application,  and  repeat 
this  in  a  week,  after  which  the  patient  rests  for 
three  weeks. 

In  closing,  I  wish  to  relate  that  one  case  that 
gave  a  perfect  picture  of  carcinoma  of  the 
esophagus,  and  was  benefited  bj^  radium, 
showed,  at  necropsy,  tuberculosis,  but  no 
carcinoma. 

Dr.  Mills  (closing  discussion).  Most  of  the 
points  that  were  mentioned  in  the  discussion  we 
tried  to  review  in  the  paper.  Dr.  Quiglej^  stated 
that  carcinoma  of  the  esophagus  accounted  for 
Q  per  cent  of  all  cancer  deaths.  This  is  surprising 
to  me,  when  we  recall  the  cancer  incidence  in 
other  organs.  I  had  always  regarded  cancer  of 
the  esophagus  as  rather  rare.  With  reference 
to  the  method  of  esophagoscopic  control  versus 
the  fluoroscope;  it  would  be  very  difficult  for 
me  to  accept  any  sort  of  method  of  blind 
instrumentation.  I  used  the  Sippy  method  of 
stricture  instrumentation  before  we  used  the 
-v-ray  as  a  means  of  control,  and  I  cannot  help 
feeling  that  the  method  that  affords  the  oppor- 
tunity to  see  what  one  is  doing  has  a  marked 
advantage  over  the  other  in  which  one  does 
not.  The  use  of  the  wire  radium  applicator 
in  the  throat  is  difficult  but  with  the  aid  of 
morphine  many  of  these  patients  have  little 
distress  and  often  slumber  through  the  treat- 
ment. At  any  rate  they  are  not  a  class  of 
patients  who  are  very  particular  when  they 
are  starving  and  see  a  chance  for  relief.  They 
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will  submit  to  anything.  Again,  if  a  method 
jeopardizes  accuracy  of  getting  into  the  stric- 
ture, or  any  portion  of  it,  I  must  select  another 
that  does  not. 

In  our  series  of  cases  only  one  perforated  at 
a  time  and  in  a  way  that  suggested  that  this 


miglit  have  been  the  result  of  the  radium 
treatment.  Otiiers  perforated  late,  some  weeks 
or  months  after  the  treatment;  in  one  case  two 
months,  but  not  at  such  a  time  as  would  lead 
to  the  conjecture  that  it  was  other  than 
incidental. 
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THE  cases  recorded  here  number  593. 
This  number  we  ha^'e  been  able  to 
trace  over  periods  of  from  two  to  seven 
years.  In  this  group  we  have  included  cases 
of  cancer  of  basai-cell,  gland-cell  and 
squamous-cell  type,  and  also  the  melanotic 
tumors — the  so-called  melanosarcomata, 
which  are  really  melano-epitheliomata. 

The  superficial  type  of  malignancy  was 
chosen  for  this  paper  because  this  type  is 
the  most  easily  treated  and  studied,  and 
in  the  matter  of  treatment,  if  we  have 
anything  of  real  value  to  offer,  it  should 
show  at  its  best  here.  Another  considera- 
tion is  that  if  we  have  a  remedy  that  really 
works  well  in  superficial,  localized  cancer, 
then  we  are  close  to  having  the  key  to  the 
whole  situation,  because  every  cancer 
passes  through  a  stage  when  it  is  localized, 
and  nearly  every  localized  cancer  can,  by 
proper  surgical  methods,  be  made  super- 
ficial or  accessible. 

Of  face  cases  in  this  group,  we  have  had 
146,  and  of  these,  six  were  of  the  melanotic 
type,  growing  from  moles  and  showing 
evidences  of  mahgnancy  in  rapid  growth 
or  ulceration.  Some  of  these  were  quite 
large,  one  being  ij^  in.  in  diameter,  and 
another,  having  been  scattered  by  several 
operations,  was  irregularly  distributed  over 
an  area  about  2  in.  square.  All  of  these 
melanotic  cases  were  cured.  Of  the  basal- 
cell  and  scpiamous-cell  varieties,  about  ten 
per  cent  failed  to  heal.  Among  the  failures, 
some  were  in  patients  of  low  vitality,  and 
some  in  patients  in  whom  the  disease  was 
so  extensive  that  the  treatment  was  under- 
taken without  hope  of  cure,  but  to  afford 
temporary  relief.  In  the  cases  that  at  once 
healed  completely,  recurrences  were  very 
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few.  For  such  recurrence,  five  per  cent 
were  subjected  to  second  applications,  and 
about  two  per  cent  of  the  cured  cases  were 
subjected  to  a  third  treatment. 

Of  lip  cancer,  we  have  had  171  cases. 
Many  enlarged  glands,  or  considerable 
growth  in  few  glands,  means  death  for  the 
patient  in  practically  every  case,  but 
localization  of  the  growth  just  as  surely 
means  cure  if  the  patient  is  properly 
treated.  Lip  cancer  remains  local  for  a 
much  longer  time  than  we  have  been  led 
to  believe.  Of  our  lip  group  we  have  had  19 
or  about  10  per  cent  of  failures  to  heal. 

Cancer  of  the  eyelids  presents  a  par- 
ticularly interesting  group  because  these 
cases  do  not,  for  anatomical  reasons,  lend 
themselves  readily  to  operation,  and  if 
they  are  operated  on,  they  almost  surely 
recur.  The  patient  then  finds  himself  with 
a  larger  and  deeper  epithelioma,  and 
whether  or  not  another  operation  is  done, 
the  disease  eventually  gets  into  the  orbit, 
destroys  the  eye,  and  later  destroj's  the 
patient's  life.  In  the  eyelid  group  we  have 
had  99  cases.  Of  these,  2  were  melanotic, 
and  one  was  sarcoma  of  the  upper  lid.  In 
this  group  we  had  7  which  failed  to  heal 
and  one  accidental  burn  of  the  cornea  which 
did  not  heal. 

Of  cases  involving  the  skin  of  the  nose, 
we  had  116,  and  of  these,  one  was  skin 
sarcoma  and  2  were  melanotic.  These  3 
cases  healed  promptly.  Of  the  remainder, 
we  had  7  which  were  not  cured.  Most  of  the 
nose  cases  were  small  epitheliomata,  but  a 
few  covered  quite  a  large  surface  area. 
We  did  not  get  complete  or  permanent 
healing  in  any  nose  case  which  invaded 
bone  or  cartilage. 
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Our  ear  cases  are  22  in  number,  and  of 
these,  5  failed  to  heal.  The  malignant 
disease  invades  the  cartilage  very  early, 
and  this  tissue  does  not  heal  well.  In  some 
of  the  cases  that  involved  cartilage,  plastic 
work  was  necessary  to  remove  the  diseased 
edges  of  cartilage  and  cover  with  skin. 

Of  hand  cases,  we  have  had  14,  of  which 
4  failed  to  heal.  Mahgnancy  on  the  back 
of  the  hand  is  prone  to  form  metastasis 
early,  as  the  area  is  massaged  with  every 
movement  of  the  hand  and  it  is  exposed 
to  light  and  trauma.  The  cases  in  which 
we  failed  were  those  in  which  the  disease 
covered  a  large  area,  or  in  which  metastasis 
had  already  developed  in  the  axilla.  One 
such  case,  in  which  we  removed  the  arm 
and  glands  after  a  preliminary  raying,  is 
well  after  five  years. 

We  have  had  4  epitheliomas  on  the  back 
that  were  severe  enough  to  be  dignified 
with  the  term  malignant.  Of  these,  3  were 
melanotic  and  one  squamous-cell.  Two  of 
the  melanotic  died.  The  other,  which  was 
small,  and  the  squamous-cell  epithelioma 
were  cured. 

Of  scalp  cases,  we  had  7,  3  of  which  were 
failures. 

Of  penis  cases,  we  had  3.  One  died,  and 
two  had  amputations  following  radium 
treatment.  The  two  latter  cases  are 
apparently  well. 

Of  Paget's  disease  of  the  nipple,  we 
had  6  cases,  of  which  2  are  dead  and  4 
apparently  cured. 

Of  epithelioma  of  the  navel,  we  have 
had  2  cases,  and  both  are  dead. 

Of  cases  involving  the  fingers,  we  have 
had  3  cases,  2  of  which  are  well,  and  one  is 
well  following  an  amputation. 

Of  the  593  cases,  68  failed  to  recover. 
Some  of  these  deaths  were  due  to  a  con- 
tinuation of  the  etiology  which  caused 
the  disease  in  the  first  place,  and  were 
really  the  development  of  new  cancers 
from    the    same    causes    reproducing    the 


same  effects.  This  is  true  especially  in 
cases  of  lip  cancer,  where  the  etiology  has 
been  bad  teeth  and  tobacco.  If  the  patient 
continues  with  these  causes  after  his 
disease  has  been  healed,  it  will  almost 
certainly  recur.  The  fact  that  he  has  grown 
cancer  is  proof  that  his  tissues  and  blood 
furnish  a  good  place  for  the  disease  to  | 
grow.  If  the  local  irritation  is  continued, 
there  can  be  no  other  result  but  that  the 
disease  will  reproduce  itself. 

Various  kinds  of  pernicious  meddling 
before  coming  for  treatment  doubtless 
account  for  some  failures  by  stimulating 
deep  extension  and  metastasis.  In  this 
class,  rented  radium  may  be  mentioned,  1 
also  radium  in  the  hands  of  inexperienced 
persons  who  generally  know  little  or 
nothing  about  the  physics  and  chemistry  I 
of  the  element  they  are  using,  the  pathology 
of  cancer  or  the  anatomy  or  physiology  of 
the  tissues  In  which  it  grows. 

The  instruments  used  were  tubes  and       ' 
needles.  The  tubes  were  15,  30  and  50  mgm. 
each;    needles  contained   from  5   to   i2  3>^ 
mgm.   each.    In   computing  our  dose    we 
take  into  consideration  the  actual  diseased 
area  and  about  J^  in.  beyond.  The  tubes 
are  arranged  to  cover  this  area,  screened 
with    1,^   mm.  silver  and    i    mm.   rubber, 
and  kept  in  place  by  adhesive.  The  depth 
Is  estimated  and  the  tubes  left  in  place 
long  enough  to  deliver  double  an  erythema 
dose  at  the  deepest  part  we  wish  to  reach. 
We  give  large  enough  doses  to  destroy  the 
disease  absolutely,  disregarding  burns.  In 
cases  where  the  operation  of  the  law  of 
the  light  decreasing  inversely  as  the  square 
of  the  distance  would  prolong  our  treat- 
ment to  too  great  an  extent,  we  use  needles       | 
directly  In  the  diseased  area.  When  this       1 
is   done,   the  dose   in   milligrams   can   be       1 
reduced  to  from  }-i  to  }i  the  amount  used        ' 
when   the   radium    Is   applied    externally, 
since  when  the  radium  is  buried,   100  per 
cent  of  the  radiation  is  effectual. 


A  HISTORY  CHART  FOR  RADIUM  THERAPY* 


BY    CARROLL    CHASE,    M.D. 


BROOKLYN,   NEW  YORK 


'"I'^HE  history  chart  here  illustrated  is  the 
JL  result  of  considerable  experience  in 
attempting  to  keep  accurate  records  of 
radium  therapy  over  a  period  of  some  years. 
It  is  printed  from  an  electro  on  both  sides 


printing  from  the  ordinary  black  type- 
writer ribbon.  It  is  1 1  X  8}i  in.  This  size 
allows  of  vertical  filing  in  the  ordinary 
deep  desk  drawer.  The  charts  are  arranged 
alphabetically,  though  a  further  index  of 


dim  cf  n»KT  tiMo^now |      c*st 


■acnosconcAL  nxouKS 


ntM.  suMiAiir  ^  acHAius 


Fig.  I. 


of  a  heavy  bond  paper,  known  as  ledger 

Eaper;  this  being  chosen  in  preference  to 
ristol  board  because  it  wears  better,  is 
more  easily  handled  in  the  typewriter  and 
takes  up  less  room  in  filing.  It  is  printed 
in  red,  as  this  makes  a  good  contrast  to  the 


the  cases  may  be  made,  if  desired,  accord- 
ing to  the  disease  or  condition. 

Although  the  chart  speaks  largely  for 
itself,  a  few  explanatory  remarks  may  aid 
in  understanding  it.  In  filling  out  the  top, 
the  patient's  name  is  given  in  full,  and 
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should  she  be  married,  her  husband's 
name  is  also  given.  The  items  on  the  blank 
in  regard  to  the  telephone  number  and 
office  hours  of  the  physician  referring  the 
case  will  often  save  time  when  it  is 
desired  to  report  on  the  patient's  progress 
or  to  get  further  information.  The  space 


A — Operable 

B — Borderhne  or  doubtfully  operable 

C — Inoperable 

D — Advanced  and  hopeless 

E — Recurrences,  local  or  regional 

To  this  I  have  added  one  more  group,  F, 


Fig.  2. 


for  "Previous  History"  and  "Present 
Condition,  local  and  general"  is  large 
enough  so  that  if  small  type  is  used,  con- 
siderable detail  may  be  given. 

The  grouping  of  cases  follows  tliat  in  tlie 
schedule  submitted  by  the  Research  Com- 
mittee of  the  American  Radium  Society 
in  1920,  and  is  as  follows: 


of  such  special  odd  cases  as  do  not  easily 
fall  into  one  of  the  five  groups.  The 
"Charge,"  perhaps,  had  best  be  noted  on 
the  chart  in  some  simple  code.  The  last 
space  on  the  front  page,  headed,  "  Final 
Summary  and  Remarks"  ordinarily  is 
not  filled  out  until  the  case  is  discharged. 
This  has  proved  quite  valuable  in  checking 
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over  cases  for  end  results,  and  in  studying 
technique. 

The  other  side  of  the  sheet  is  used  as 
follows:  If  a  treatment  is  given,  the 
various  columns  are  filled  out  as  indicated 
and  a  Hne  is  drawn  directly  across  the  page 
under  this.  If  more  than  one  person  is 
giving  treatments,  such  entries  should  be 


should  be  obtained  from  many  cases  and 
may  be  typed  on  the  chart  exactly  as  are 
treatments  or  incidental  visits. 

Should  this  side  of  the  sheet  not  be  of 
sufficient  length  to  hold  the  entire  history, 
a  second  chart  may  be  attached  to  this, 
or  a  sheet  of  plain  paper  of  the  same  size 
and  with  the  same  ruling  may  be  used. 
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Fig.  3. 


initialed.  If  a  visit  without  treatment  is  to 
be  noted,  it  is  typed  in  without  any  refer- 
ence to  the  columns,  and  a  similar  hne 
is  draw-n  beneath  it.  Telephone  reports  of 
the  patient's  condition  are  also  recorded 
here.  By  thus  noting  treatments  and  inci- 
dental visits  in  chronological  order,  the 
history  is  rather  more  easy  to  follow. 
Follow-up    reports    at    definite    inter\als 


These  are  best  held  together  at  the  top 
by  a  paper  fastener  which  cannot  slip  off. 
With  the  great  majority  of  cases,  it  will 
save  time  and  space  to  make  a  diagram- 
matic record  of  the  extent  and  location  of 
the  lesion  on  printed  anatomical  sheets 
such  as  are  sold  by  the  American  Medical 
Association. 

It  will  be  observed  that  this  chart  does 
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not  in  any  way  conflict  with  the  suggestions  is  far  from  perfect,  and  therefore   would 

of  the  Research  Committee  of  the  Society,  much  appreciate  criticism  of  it,  as   it  is 

but  that  it  allows  of  much  more  detail.  his  wish  to  make  it  as  practical  and  com- 

The  writer  understands  that  this  chart  prehensive  as  possible. 
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TWO  IMPORTANT  POINTS  FROM  THE  RADIUM  THERA- 
PIST'S STANDPOINT  REGARDING  CANCER 

IMMUNITY* 


BY    CARROLL    CHASE,   ALD. 

BROOKLYN,    NEW   YORK 


AS  a  premise  to  the  subject,  it  must  be 
granted  that  every  individual  pos- 
sesses a  certain  inherent  resistance  to 
cancer,  no  matter  of  what  type.  This 
ordinarily  is  referred  to  as  "cancer  im- 
munity." Were  it  not  for  this  natural 
resistance,  cancer  would  be  a  very  much 
more  rapid  and  fatal  malady  than  it  now 
is.  As  a  corollary  it  follows  that  the  man 
treating  cancer,  be  he  physician,  surgeon, 
or  radium  or  x-ray  therapist,  should  always 
bear  this  fact  in  mind,  and  do  everything 
within  his  power  to  conserve  this  im- 
munity. 

The  writer  makes  no  pretense  of  having 
anything  particularly  new  to  present 
regarding  this  subject,  but  he  does  feel 
very  strongly  that  the  arguments  which 
follow,  and  the  conclusions  to  which  they 
lead,  have  never  been  sufficiently  empha- 
sized or  heeded,  and  that  they  really 
deserve  thoughtful  consideration. 

What  this  immunity  is,  and  where  it 
resides,  is  today  not  known;  but  the  time 
is  undoubtedly  coming  when  we  will  have 
much  more  knowledge  regarding  it.  How- 
ever, there  is  already  considerable  evidence 
that  some  substance,  existing  largely  or 
entirely  in  the  blood,  accounts  for  the 
phenomenon  of  immunity.  It  seems  to  be 
definitely  established  that  this  immunity- 
giving  substance  (or  substances)  really 
exists,  and  that  it  is  the  loss  or  diminution 
of  it,  and  not  the  production  of  a  new 
poison  in  the  later  stages  of  cancer,  which 
accounts  for  the  train  of  symptoms  indicat- 
ing loss  of  immunity. 

An  example  of  the  attention  which  is  being 
given  to  the  various  blood  findings  in  cancer, 
may  be  found  in  the  studies  of  Dr.  Georglne 
Luden  of  Rochester,  Minnesota,  on  "Cho- 
lesterol," published  in  the  Journal  of 
Laboratory  and  Clinical  Medicine,  October, 
191 8,  iv.  No.  I.  The  conclusions  are  too 
lengthy  to  be  quoted  here. 


There  has  been  gathered  a  certain 
amount  of  evidence  that  the  two  pro- 
cedures of  blood-letting  (especially  re- 
peated hemorrhage)  and  anesthesia  with 
one  of  the  solvent  group  of  anesthetics 
(ether,  chloroform  or  ethyl  chloride)  both 
tend  to  lower.  If  not  to  destroy  entirely,  an 
individual's  Immunity  against  cancer. 
There  is  accurate  proof  of  this  as  to  mouse 
tumors  of  various  kinds;  but  for  obvious 
reasons,  similar  experimental  work  cannot 
be  done  on  man. 

Attention  is  drawn  particularly  to  an 
article  by  Gaylord  and  Simpson,  of  the 
New  York  State  Institute  for  the  Study 
of  Malignant  Disease,  at  Buffalo,  entitled, 
"The  Effect  of  Certain  Anesthetics  and 
Loss  of  Blood  upon  the  Growth  of  Trans- 
planted Mouse  Cancer,"  which  appeared 
among  the  proceedings  of  the  Ninth 
Annual  Meeting  (May,  19 16)  of  the 
American  Association  for  Cancer  Research, 
and  which  was  printed  in  the  Journal  of 
Cancer  Research  for  July,  1916,  i,  p.  379. 
The  discussion  of  this  paper  is  also  given. 
Experiments  here  reported  show  that 
either  a  repeated  moderate  loss  of  blood  or 
anesthesia  with  chloroform  or  ether  (the 
effect  of  the  former  being  the  worse)  very 
definitely  affected  the  animal,  so  that 
inoculation  with  cancer  substance  from 
another  mouse  was  almost  invariably 
followed  by  tumor  formation;  while  the 
control  mice,  neither  bled  nor  anesthe- 
tized, showed  sufficient  resistance  In  about 
one-half  the  cases  so  that  similar  inocula- 
tion was  entirely  unsuccessful.  A  personal 
communication  from  Doctor  Gaylord,  In 
October,  1920,  says:  "The  experimental 
evidence  of  immunity  Indicates  the  same 
phenomena,  both  in  carcinoma  and  sar- 
coma." 

Is  It  not  true  In  looking  back  over  one's 
experience  for  a  period  of  years  in  the 
surgical  treatment  of  cancer,  that  many 
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cases  can  be  recalled  where  the  patient 
went  downhill  rapidly  after  an  operation, 
which,  although  perhaps  not  serious  in 
itself,  entailed  a  general  anesthetic,  and  a 
greater  or  less  loss  of  blood?  Is  it  not 
equally  true  that  as  soon  as  a  cancer 
patient  begins  to  bleed  to  any  extent,  the 
general  condition  often  becomes  worse 
with  a  rapidity  seemingly  out  of  proportion 
to  the  amount  of  blood  lost?  That  is  to 
say,  very  much  less  harm  would  be  done  by 
a  similar  loss  of  blood  in  a  non-malignant 
disease  of  comparable  severity.  If  these 
observ'ations  are  correct — and  in  the 
writer's  experience,  they  seem  to  be — 
would  it  not  be  wise  to  make  it  a  rule  to 
use  gas-oxygen  when  a  general  anesthetic 
is  really  necessary,  or  to  use  local  or  spinal 
anesthesia,  as  is  most  indicated?  Thinking 
along  similar  lines,  should  not  every  neces- 
sary operation  for  malignant  disease  be 
made  as  nearly  bloodless  as  possible?  In 
another  personal  communication.  Dr.  Gay- 
lord  states  further:  "Since  our  original 
observation,  no  case  in  our  hospital  has 
been  operated  upon  except  by  the  use  ot 
gas  or  local  anesthesia,  and  I  have  strongh^ 
advocated  the  absolute  avoidance  of  the 
solvent  group  of  anesthetics."  Suppose, 
for  a  moment,  we  say  that  there  is  pro- 
bably no  truth  in  the  theories  here  ad- 
vanced regarding  cancer  immunity,  but 
that  we  admit  the  bare  possibility  of  their 
being  true;  would  it  not  still  be  the  part  of 
wisdom  to  use  the  safeguards  that  ha^e 
been  indicated;  especially  as  they  make 


the  surgeon's  work  no  more  difficult  or 
dangerous,  while  they  may  do  much  for 
the  patient? 

To  continue:  if  our  line  of  reasoning  thus 
far  has  been  logical,  it  is  an  excellent 
argument  for  the  use  of  radiation  therapy, 
be  it  radium  or  x-ray,  in  every  case  in 
which  it  offers  as  good  or  nearly  as  good  a 
chance  of  cure  or  palliation  as  would 
operation;  because,  ordinarily,  radiation 
therapy  does  not  require  any  general 
anesthetic,  and  further,  because  it  is  almost 
always  bloodless. 

SUMMARY 

There  is  some  evidence,  which,  though 
admittedly  not  conclusive,  is  certainly 
suggestive,  that  the  use  of  any  of  the 
solvent  group  of  anesthetics  (chloroform, 
ether  or  ethyl  chloride)  or  that  the  loss  of 
blood  in  any  considerable  quantity  tends 
to  lower  or  destroy  an  individual's  resist- 
ance or  "immunity"  against  cancer. 

Even  the  bare  chance  that  this  is  true 
makes  it  seem  wise  to  avoid  entirely  the 
use  of  the  solvent  group  of  anesthetics  in 
malignant  disease,  and  to  make  any 
necessary  surgical  procedure  as  nearly 
bloodless  as  possible. 

Radiation  therapy,  using  either  radium 
or  the  x-ray,  as  is  indicated,  because  such 
treatment  ordinarily  requires  no  general 
anesthetic  and  is  bloodless,  should  be  the 
method  of  choice  in  all  cases  where  surgery 
does  not  offer  a  distinctly  better  chance  of 
cure  or  palliation. 
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MIDWINTER  MEETING  CENTRAL  SECTION  AMERICAN  ROENTGEN 

RAY  SOCIETY 

SEELBACH  HOTEL,   LOUISVILLE,   KY.,   FEBRUARY  24,    1 923 


THE  FOURTH  ANNUAL  MEETING 

OF  THE  EASTERN  SECTION 

OF  THE  AMERICAN 

ROENTGEN  RAY 

SOCIETY 

The  Fourth  Annual  Meeting  of  the 
Eastern  Section  of  the  American  Roentgen 
Ray  Society  was  held  at  the  Ritz-Cariton 
Hotel,  Atlantic  City,  N.  J.,  January  25, 
26,  27,  1923,  under  the  presidency  of  Dr. 
Charles  A.  Waters  of  Baltimore.  There 
was  an  attendance  of  approximately  three 
hundred   and   fifty  members   and   guests. 

A  very  complete  and  interesting  program 
was  provided  by  the  President.  Notable 
among  other  features  were:  Localization 
oj  Brain  Tumors  by  Cerebral  Pneumog- 
raphy, by  Dr.  Walter  Dandy  of  Baltimore, 
and  an  illustrated  address,  A  Diagnosis  oj 
Brain  Tumors  Based  upon  the  Clinical 
History,  Examination,  X-Ray,  and  the 
Pathology  as  Exposed  by  Operation,  by 
Dr.   Joseph   C.  Bloodgood   of   Baltimore. 

Considerable  time  was  devoted  to  a 
discussion  of  deep  therapy,  with  considera- 
tion of  dosage  estimation  and  the  most 
suitable  technique,  especially  in  cases  of 
malignancy.  In  these  discussions  Dr.  J.  T. 
Geraghty  of  Baltimore  and  Dr.  F.  C.  Wood 
and  Dr.  James  Ewing  of  New  York 
participated. 

At  the  executive  meeting  which  followed 
the  scientific  sessions,  the  following  officers 
were  elected  for  the  ensuing  vear: 


President:  Dr.     Thomas    A.     Groover, 
Washington,  D.  C. 

Vice-President:  Dr.  Charles  Eastmond, 
Brooklyn,  N.  Y. 

Secretary:  Dr.     William     C.     Wescott, 
Atlantic  City,  N.  J. 

The  manufacturers  exhibited  a  very  com- 
prehensive line  of  their  new  developments. 
Charles  Eastmond,  M.D., 

Secretary. 

CORRESPONDENCE 

To  The  Editor: 

At  the  last  meeting  of  the  American 
Radium  Society,  the  late  Dr.  Russell  H. 
Boggs  and  I  made  a  real  effort  to  get 
recognition  of  radium  as  an  office  expense, 
or  to  obtain  some  depreciation  value.  We 
foresaw  the  possibility  of  our  radium 
decreasing  tremendously  in  value.  As  a 
matter  of  fact,  it  has  decreased  in  value 
fifty  dollars  a  milligram,  which  receives 
no  recognition  from  the  government  unless 
the  loss  is  established  by  sale.  We  employed 
Mr.  Charles  M.  Johnston  to  present  this 
matter  at  Washington,  together  with  a 
petition  signed  by  the  radium  owners; 
and  I  am  enclosing  herewith  his  final 
report,*  which  I  think  should  be  published 
in  the  Journal,  so  that  all  the  members 
may  know  what  has  been  done. 
Yours  very  sincerely, 

George   E.   Pfahler, 

Ex-President,  American  Radium  Society. 
Jan.  20, 1923. 

•  In  addition  Mr.  Johnson's  letter  will  be  found  at  the  end  of 
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DECISION   OF   INTERNAL   REVENUE   COMMIS- 
SIONER ON  APPLICATION  FOR  CHANGE 
IN  RULING  ON  RADIUM 

Reference  is  made  to  your  recent  request 
on  behalf  of  the  American  Radium  Society 
and  of  other  owners  of  radium  in  the  United 
States  for  a  reconsideration  of  O.  D.  837 
in  which  it  was  held  that  the  cost  of  radium 
used  as  a  therapeutic  must  be  treated  as  a 
capital  expenditure  and  that  radium  is  not 
subject  to  depreciation. 

You  state  that  owing  to  the  great  cost 
of  radium,  the  experimental  character  of 
its  use,  and  difficulty  in  selling  it  and  the 
possibility  of  the  discovery  of  some  method 
of  treating  cancer  which  will  decrease  the 
market  value  of  radium  you  consider  that 
a  depreciation  allowance  of  fifteen  per  cent 
should  be  granted  or  that  physicians  using 
it  should  be  permitted  to  treat  the  cost 
as  a  business  expense  in  the  same  manner 
as  the  cost  of  drugs. 

The  motives  of  policy  which  you  have 
suggested  such  as  the  desirability  of 
encouraging  the  use  of  radium  and  prevent- 
ing the  commercialization  of  its  use  may 
not  be  taken  into  consideration  by  this 
Bureau  in  administering  the  Federal 
Income  tax  laws,  however  excellent  these 
motives  may  be.  The  test  of  the  allowance 
of  this  deduction  is  the  same  as  the  test 
of  the  allowance  of  every  other  deduction 
and  depends  upon  whether  it  meets  the 
requirement  of  the  statute.  The  Bureau 
is  without  authority  to  set  aside  the  express 
provisions  of  the  Revenue  Act  of  1921  or 
any  other  revenue  act  even  if  the  adminis- 
tration of  these  provisions  imposes  a 
hardship  upon  the  taxpayer  or  group  of 
taxpayers. 

The  provisions  of  the  Revenue  Act  of 
1921  relating  to  depreciation  are  set  forth 
in  Section  214(a)  (8)  which  provides  for 
the  allowance  of: 

"A  reasonable  allowance  for  the  exhaus- 
tion, wear  and  tear  of  property  used  in  the 
trade  or  business,  including  a  reasonable 
allowance  for  obsolescence.  In  the  case  of 
such  property  acquired  before  March  i, 
191 3,  this  deduction  shall  be  computed 
upon  the  basis  of  its  fair  market  price  or 
value  as  of  March  i,  1913." 

Under    this    section    the    allowance    of 


depreciation  is  limited  to  such  property  as 
is  subject  to  "exhaustion,  wear  and  tear," 
that  is,  to  property  that  has  a  life  extending 
beyond  a  year  but  is  not  of  such  indefinite 
life  that  the  depreciation  which  it  sustains 
IS  negligible.  The  measure  of  depreciation 
is  based  on  the  probable  life  of  the  property 
as  determined  from  its  character  and  use. 

An  arbitrary  deduction  of  fifteen  per 
cent  for  depreciation,  therefore,  is  not 
allowable  as  the  depreciation  of  radium 
cannot  possibly  be  based  on  a  probable 
life  of  six  and  two-thirds  years.  On  the 
contrary,  as  it  was  set  forth  in  O.  D.  83", 
the  life  of  radium  is  so  indefinite  that 
depreciation  is  negligible. 

It  is  also  not  possible  to  allow  the  deduc- 
tion of  the  cost  as  an  item  of  expense. 
Inasmuch  as  radium  is  not  a  material 
consumed  or  worn  out  through  use  during 
the  taxable  year,  it  represents  a  capital 
expenditure  which  under  Section  215(0) 
of  the  Act  is  not  deductible. 

With  reference  to  your  statement  that 
the  discovery  of  a  new  method  of  treating 
cancer  may  result  in  rendering  the  use 
of  radium  obsolete,  you  are  advised  that 
in  the  event  of  its  becoming  obsolete  a 
deduction  for  the  loss  of  useful  value  may 
be  claimed  in  the  return  for  the  year  in 
which  its  use  is  abandoned.  If  the  radium 
is  sold  at  a  loss  either  by  a  taxpayer  or 
his  estate,  the  loss  may  be  claimed  as  a 
deduction  from  any  income  received 
whether  from  professional  services  or  other 
sources.  For  this  reason  it  is  not  believed 
that  any  undue  hardship  is  imposed  upon 
physicians  using  radium  for  treatment  by 
the  application  of  these  principles. 

In  view  of  the  express  provisions  of  the 
statute  it  is   not  considered  that  O.   D. 
837  should  be  modified  or  re\"ersed. 
Respectfully, 

C.  P.  Smith, 
Acting  Commissioner. 

PRESENT    RULING 

Since  the  full  life  of  radium  has  been 
scientifically  estimated  at  such  an  extended 
period  and  since  no  appreciable  deprecia- 
tion results  from  its  continued  use  as  a 
therapeutic  agent,  the  depreciation  occur- 
ring during  the  lifetime  of  any  individual 
owner  is  practically  negligible.  It  is  held. 
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therefore,  that  radium  which  is  used  as  a 
therapeutic  is  not  subject  to  depreciation 
for  income  tax  purposes  and  its  cost  must 
be  treated  as  capital  expenditure.  The 
return  of  capital  will  be  reahzed  upon  its 
sale  or  other  disposition. 

Cum.  Bui.  No.  4,  June,  192 1. 

Treasury  Dept.  Page  178, 

Office  Dec.  837. 

Ruling  10-21-1496. 

CENTRAL  SECTION 

fourth  annual  meeting 
Preliminary  Program 

The  Fourth  Annual  Meeting  of  the 
Central  Section  of  The  American  Roentgen 
Ray  Society  will  be  held  in  the  Seelbach 
Hotel,  Louisville,  Ky.,  on  Saturday, 
Februarj'  24,  1923. 

The  program  as  arranged  for  the  meeting 
is  presented  herewith.  Those  who  can 
attend  are  promised  an  unusually  fine 
opportunity  for  discussion.  Visitors  are 
welcome  to  all  scientific  sessions. 

Saturday  Morning,  9  o'clock 

Dr.  Bernard  H.  Nichols,     Cleveland,  Ohio. 

Urography. 
Laboratory  equipment.  Importance  of 
urography  as  compared  with  gastro- 
enterography.  Necessity  of  careful 
history  and  laboratory  study  to  deter- 
mine the  method  of  procedure.  Roent- 
genologist a  consultant  and  not  a  techni- 
cian. Technique.  Demonstration  of 
results   with    lantern-slide   illustrations. 

Discussion 

Dr.  W.  O.  Upson,         Battle  Creek,  Mich. 

Study  of  the  Esophagus. 

First,  Dr.  Case's  method  of  examining 
the  esophagus;  second,  the  importance 
of  examining  the  esophagus  in  all  cases 
of  the  barium  meal  examination;  third, 
the  appearance  of  the  normal  esophagus; 
fourth,  illustrative  cases  of  the  more 
common  lesions,  such  as  cardiac  spasm, 
chronic  esophageal  obstruction,  con- 
genital esophageal  obstruction,  diver- 
ticula, carcinoma  of  the  esophagus,  etc. 


Dr.  John  D.  Osmond,         Cleveland,  Ohio. 

Obstruction  oj  the  Esophagus. 

When  available  in  diseases  of  the 
esophagus,  the  direct  inspection  through 
the  esophagoscope  should  be  made  in 
addition  to  the  fluoroscopic  examination 
and  the  .v-ray  films.  However,  the 
preliminary  examination  of  choice  is 
the  x-ray.  In  complete  or  partial  obstruc- 
tion, at  least  twenty-five  possible  causes 
must  be  considered.  Routine  examina- 
tion of  the  esophagus  should  be  made  in 
most  cases  where  examination  of  the 
stomach  is  requested. 

Discussion 

Dr.  A.  W.  Crane,  Kalamazoo,  Mich. 

The  Chronic  Appendix  in  Roentgenological 

Work. 
Dr.  Alexander  B.  Moore,    Rochester,  Minn. 
Benign    Tumors   oj  the   Stomach   with   the 

Roentgen  Findiiigs  z?i  Seven  Cases. 

Discussion 

Dr.  W.  H.  Stewart,  New  York  City. 

An  Unusual  Case  of  Lymphosarcoma  oj  the 
Thymus  with  Metastasis. 

Dr.  B.  R.  Kirklin,  Muncie,  Ind. 

Osteochondritis  Dejormans  Juvenalis. 

Discussion 

Dr.  Kennon  Dunham,     Cincinnati,  Ohio. 

Acute  Pulmonary  Tuberculosis. 

Discussion 
Saturday  Afternoon,  2.30  o'clock 

Dr.  J.  M.  Martin,  Dallas,  Texas. 

Fifteen  Years'  Experience  with  the  Fractional 
Dose  Method   oj   Treating    Cutaneous 
Malignancies.  (Lantern  Slide  Illustra- 
tions.) 
A     general     review    of    the    roentgen 
technique    used    in    the    treatment    of 
2,000  cases  of  cutaneous  malignancies.  A 
comparative  study  of  the  fractional  and 
massive  dose  methods  as  applied  to  the 
treatment  of  malignant  lesions  of  the 
cutaneous  structures.  A  description  of 
a   practical   follow-up   system   covering 
a  period  of  five  years. 

Discussion 

Dr.  A.  W.  Desjardins,      Rochester,  Minn. 

Protection  against  Radiation. 

General    discussion    of    dangers    from 
radiation  to  patient  and  to  radiologist. 
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under  different  working  conditions,  and 
methods  of  protection.  Preliminary 
report  of  experiments  to  determine 
thickness  of  lead  required  for  protection 
in  therapy  laboratories  particularly, 
with  results. 

Discussion 

Drs.   Arthur   W.    Erskine  and   Scott   M. 
Smith,  Cedar  Rapids,  Iowa. 

A  Comparative  Study  oj  Various  Filter 
Materials. 
Reasons  for  using  filters,  and  desirable 
qualities  in  filter  material.  Description 
of  methods  employed  in  obtaining  data. 
The  economical  limit  of  increase  in 
filter  thickness  and  description  of  a 
simple  method  of  determining  it.  Com- 
parison of  results  obtained  using  various 
materials  as  filters.  Possible  relation 
of  atomic  numbers  of  elements  to  effi- 
ciency as  filters.  Conclusions. 

Dr.  James  N.  McCoy,        Vincennes,  Ind. 

Physiological  Dose  oj  Roentgen  Rays. 
Reasonable  to  assume  certain  doses  of 
.v-rays  adapted  to  certain  purposes. 
Superficial  cancer,  object  of  earliest 
x-ray  treatment.  Basis  for  dosage  in 
deeper-seated  disease.  Destruction  of 
lesion.  The  object  of  treatment.  Typ- 
ical desired  superficial  reaction.  Advis- 
able that  superficial  lesion  receive  only 
such  rays  as  are  expended  in  it.  Hard 
rays  passed  the  skin  without  effect  on 
it.  Valueless  against  skin  malignancy. 
Lethal  dose  to  be  avoided  in  treating 
hypertrophies.  The  discovery  of  Lodge. 
The  governing  principleof  x-ray  therapy. 
Radical  versus  conservative.  Discus- 
sion of  high  voltage  treatment.  Requi- 
sites of  curative  dose  for  malignancy. 
Sufficient  intensity  to  reach  the  pathol- 
ogy and  the  required  volume  of  rays  to 
accomplish  physiologic  change. 

Dr.  Otto  Glasser  (by  invitation), 

Baltimore,    Md. 

Roentgen-Ray  Dose. 

The  measuring  instruments  which  in  the 
practical  use  of  x-rays  arc  most  employed 
for  the  determination  of  the  "practical 
dose"  are  the  milliammeter  and  the 
kilovoltmcter,  the  latter  checked  up  with 
the  sphere-gap.  The  most  recent  measur- 
in";  instruments  based  on  ionization  allow 


us  to  determine  accurately  the  quality 
and  the  quantity  of  radiation  for 
every  point  of  the  exposed  body.  This 
can  be  done  with  the  Freidrich  ionto- 
quantimeter  method  of  determining  the 
"effective  wave-length"  and  measuring 
the  intensity  with  the  Duane  ionization 
chamber  and  with  the  method  of  Des- 
sauer  using  the  Bachem  electroscope.  To 
these  methods  of  determining  the  "prac- 
tical dose"  must  be  added  the  important 
researches  on  the  problem  of  "absolute 
dose." 

Discussion 

Dr.  Henry  Schmltz,  Chicago,  III. 

The    Changes    in    Cervical    Carcinomatous 
Tissue  exposed  to  Radiations. 

Discussion 

Dr.  Charles  Goosman,     Cincinnati,  Ohio. 

Results  with  Modern  Radiotherapy  in 
Bladder  Tumors. 
These  cases  have  not  been  responding 
satisfactorily  to  surgery.  The  genito- 
urinary specialist  will  usually  be  glad 
to  call  in  the  aid  of  radiotherapy.  Results 
with  combined  radium  and  deep  roent- 
gen treatment  are  better  than  with 
any  previous  method.  Correct  technique 
important.  Preliminary  cystotomy  a 
disadvantage. 

Dr.  William  A.  Evans,  Detroit,  Mich. 

Result    of    Deep    Roentgeyx    Treatment    oJ 
Gastrointestinal  Lesions. 

BUSINESS   MEETING 

Immediately  after  the  close  of  the  Scien- 
tific Session 

Election  oj  Officers 

Saturday  Evening,  7  o'clock 

BANQUET 

SYMPOSIUM  ON  THE  SACROILIAC  AND  LOWER 
LUMBAR   SPINAL  VERTEBRAE 

Dr.  Paul  Magnuson  (by  invitation), 

Chicago,  111 
What  May  We  Call  Radiographic  Evidence 

in  Low  Back  Pain? 
Dr.  Hollis  E.  Potter,  Chicago,  III. 

Radiographic  Evidence. 

Discussion  of  this  Symposium  to  be 
opened  by: 
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Dr.  P.  M.  Hickey,  Detroit,  Mich. 

Dr.  Edward  S.  Blaine,  Chicago,  111. 

Lantern  Slides. 

Notify  Dr.  D.  Y.  Keith,  Suite  746 
Francis  BIdg.,  Louisville,  Ky.,  number 
of  slides  you  wish  to  present. 

commercial  exhibits 

Sunday  Program 

Golf 

Sight  Seeing 

THE  LEONARD  PRIZE 

The  American  Roentgen  Ray  Society 
is  again  offering  the  Leonard  Prize  in  1923, 
details  for  which  appear  on  advertising 
page  i  of  this  number  of  the  Journal. 
The  manuscripts  submitted  for  the  1921 
prize  were  of  a  high  order  of  merit  and 
covered  a  variety  of  subjects  pertinent  to 
roentgenology.  It  is  to  be  hoped  that  the 
contestants  for  the  next  prize  will  be 
equally  zealous  in  their  efforts. 

Dear  Dr.  Pf abler: 

Pursuant  to  the  instructions  of  yourself  and 
Dr.  Russell  H.  Boggs,  of  this  city,  I  at  once 
began  the  preparation  of  a  petition  to  be  filed 
with  the  Internal  Revenue  Office  at  Washing- 
ton, requesting  a  modification  of  the  present 
ruling  on  radium. 

The  untimely  death  of  Dr.  Boggs  was  a  real 
misfortune  in  this  matter,  as  he  was  very 
familiar  with  many  facts  that  would  certainly 
have    had    weight    with    the    Department    at 


Washington.  However,  after  considerable  labor 
and  investigation,  I  prepared  a  petition  asking 
that  the  present  ruling  be  modified  either  by 
permitting  the  cost  of  radium  to  be  charged  as 
a  current  expense,  with  a  provision  to  the  effect 
that  in  the  event  of  the  subsequent  sale  of  the 
radium  the  selling  price  would  be  charged  as 
income,  or  that  a  depreciation  allowance  be 
allowed  each  year  on  all  radium  held  by  physi- 
cians and  used  for  therapeutic  purposes. 

The  petition  was  very  lengthy,  covering 
about  ten  typewritten  pages,  and  later,  a  five- 
page  supplement,  amplifying  some  of  the 
arguments  in  the  original  petition,  was  added. 
Both  the  original  and  the  supplement  were 
presented  by  me  to  Commissioner  Blair,  of 
the  Internal  Revenue  Department,  and  one  of 
his  assistants,  Mr.  Mattox,  at  Washington,  at 
a  conference  on  this  matter  that  lasted  upwards 
of  two  hours.  I  had  attached  to  the  petition 
the  copy  of  the  resolution  passed  at  the  meeting 
of  the  society  in  St.  Louis,  and  also  the  original 
petition  signed  by  the  physicians  individually 
at  the  same  meeting.  I  went  carefully  over  all 
the  matters  set  forth  in  our  petition,  resolution 
and  the  physicians'  petition,  with  the  above- 
named  gentlemen,  and  was  shown  every  con- 
sideration and  courtesy  by  them.  Unfortunately 
however,  they  were  unable  to  grant  us  relief. 

The  decision,  a  copy  of  which  is  hereto 
attached,  explains  the  position  of  the  Commis- 
sioner in  detail. 

For  your  information  and  for  the  information 
of  any  physicians  not  familiar  with  the  present 
ruling,  I  am  also  attaching  hereto  a  copy  of  the 
present  ruling,  O.  D.  837,  cited  in  the  Commis- 
sioner's decision.  ' 

Yours   ^'ery    truly, 
Charles  AI.  Johnston. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  7<iew  Tor\  City,  are  in- 
vited to  ma\e  the  office  of  The  Journal  (69  East  59th  Street,  Hew  'yor}0  their  headquarters.  Mail. 
packages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  m  advance:  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  ?<[ew  Yor\  hospitals  on  file  in  our  office  daily. 
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Whitcher,  B.  R.  Blood  Changes  in  Myelog- 
enous Leukemia  Following  Radium  Treat- 
ment. Boston  M.  &"  S.  J.,  Sept.  7,  1922, 
clxxxvii,  No.  10,  349. 

The  author's  observations  led  him  to  believe 
that  the  application  of  radium  in  myelogenous 
leukemia  does  produce  an  apparently  beneficial 
effect  on  the  patient,  if  the  amount  of  radium 
applied  is  regulated  with  caution;  as  the 
leucocyte  count  is  reduced  to  nearly  its  normal 
level,  the  myelocytes  are  greatly  decreased, 
and  at  times  made  to  disappear  altogether,  the 
blood  is  brought  to  a  more  nearly  normal 
appearance,  and  apparent  general  improvement 
takes  place  in  the  patient's  clinical  condition. 
But  the  treatment  should  be  given  at  regular 
intervals.  However,  radium  is  a  factor  fraught 
with  danger,  and  caution  is  necessary  in  regu- 
lating the  amount  to  be  applied,  lest  an  exces- 
sive dose  or  too  frequent  application  may  cause 
undue  destruction  of  the  leucocytes,  and  so  in- 
jure the  reproductive  powers  of  the  bone-marrow 
that  a  rapid  leucopenia  and  anemia  result. 

As  the  outcome  of  the  experience  of  the 
author  and  his  colleagues  at  the  New  York 
Post-Graduate,  the  present  procedure  is  to 
apply  the  radium  over  the  enlarged  spleen  only, 
and  over  the  lymph-nodes,  if  enlarged;  but 
to  let  the  bone-marrow  alone  until  the  myelo- 
cytes have  entirely  disappeared  from  the 
blood.  There  appears  to  be  a  danger  that,  in 
treating  the  bone-marrow  at  the  same  time, 
its  power  to  produce  new  red  cells  may  be 
weakened  so  that  the  red  cells  and  hemoglobin 
decrease  along  with  the  leucocytes. 

KiRKENDALL,  Ben  R.  Prc-Opcrative  and  Post- 
Operative      Radium      Therapy:  Report   of 
Cases,  Dosage  and  Methods.  Ohio  M.  J., 
Dec.  I,  1921,  xvii.  No.  12,  837. 
The  author  believes  that  cases  of  carcinoma 
of  the  vagina  and  prostate  are  best  treated  with 
radium  alone.  Cases  of  cancer  of  the  cervix 
and  uterus,  which  have  responded  well  to  the 
treatment   should   rarely   be   hysterectomized 
later,  as  distant  quiescent  diseased  cells  may 
be  stimulated  to  recurrence.   Radium  can  be 
used  to  advantage  before  surgery  to  make  non- 
surgical cases  surgical.  Radium  after  surgery 
may  make  a  success  of  the  operation.  Its  use 
in  recurrences  is  palliative,  but  it  may  cure. 

Brogden,  James  Chester.  Actinomycosis  of 

the  Gastrointestinal  Tract.  J.  Lab.  &  Clin. 

M.,  Dec,  1922,  viii,  No.  3,  180. 

The  author  reports  14  cases  studied  in  the 

Mayo  Clinic,  13  of  the  14  cases  having  been 

discovered    within    the    last    four    years.    No 

report  could  be  obtained  of  3.  One  has  been 

treated  only  four  weeks.  Of  the  remaining  10, 

6  are  dead  with  an  average  length  of  life  after 


onset  of  the  disease  of  three  years.  One  patient 
was  operated  upon  and  had  no  symptoms  of 
recurrence  four  years  afterward.  One  was 
apparently  cured  after  four  years  of  medical 
treatment,  and  2  are  markedly  improved  after 
taking  iodides  and  roentgen-ray  and  radium 
treatment.  The  author  concludes  that  a  chronic 
discharging  sinus  in  the  lower  abdomen, 
especially  after  operation  and  drainage  of  an 
appendiceal  abscess,  should  arouse  suspicion 
of  actinomycosis,  and  repeated  examinations 
for  the  ray-fungi  should  be  made.  Early  opera- 
tion and  excision  of  the  diseased  area  before  the 
infection  spreads  to  the  surrounding  tissues, 
frequent  roentgen-ray  and  radium  treatments 
over  the  abdomen,  and  large  doses  of  potassium 
iodid  by  mouth  and  sodium  iodid  intravenously 
offer  the  best  hope  of  cure.  In  the  later  stages, 
after  extension  of  the  disease  to  the  adjacent 
organs  and  sinus  formation,  radical  surgical 
measures  are  of  no  avail.  Some  patients  appar- 
ently are  cured  under  treatment  with  radium, 
roentgen  ray,  and  the  iodides;  others  improve 
wonderfully  only  to  have  recurrence  in  from 
two  to  four  years.  Death  usually  occurs  from 
cachexia  and  extension  of  the  disease  to  the 
liver  and  thorax. 

MacCarty,  William  Carpenter.  Does  Can- 
cer Arise  in  Chronic  Gastric  Ulcer?  J.  Am. 
M.  Assn.,  Dec.  2,  1922,  Ixxix,  No.  23,  1928. 
From  an  experience  of  more  than  1,400  gas- 
tric specimens,  MacCarty  concluded  that 
cancer  is  so  often  associated  with  chronic  gas- 
tric ulcer  that  such  a  gastric  ulcer  should 
always  be  considered  as  possibly  malignant. 
He  knows  of  no  clinical  or  laboratory  method 
by  which  the  differential  clinical  diagnosis  can 
be  made.  From  actual  experience,  he  knows 
that  most  chronic  gastric  ulcers  with  a  diameter 
greater  than  2.5  cm.  are  cancers.  He  does  not 
know  how  to  tell  whether  the  ulcer  or  cancer 
was  primary.  Ulcers  of  the  stomach  may  be 
divided,  for  practical  purposes,  into  5  groups; 
the  simple  acute  peptic  ulcer;  the  chronic  ulcers 
which  are  tuberculous  or  syphilitic;  the  chronic 
ulcer,  the  exact  etiological  factors  for  which  are 
unknown;  the  chronic  ulcer  in  which  there  is  a 
neoplastic  process  in  the  borders  of  the  mucosa; 
the  gastric  ulcer  whicii  shows  carcinoma,  not 
only  in  the  borders,  but  also  in  the  base.  There 
are  no  positive  clinical  signs,  symptoms  or 
laboratory  tests  by  wiiich  these  5  groups  of 
ulcers  can  always  be  differentiated.  Advanced 
carcinomas  may  be  seen  with  the  roentgen  ray, 
and  if  the  roentgenologist  discovers  an  ulcer 
which  he  estimates  to  be  larger  than  2.5  cm. 
in  diameter,  the  guess  of  cancer  will  be  correct 
in  a  very  high  percentage  of  cases.  It  is,  how- 
ever, only  a  guess  for  practical  purposes,  but 
has  some  value. 
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NEW  GROWTHS  WITHIN  THE  CHEST:  X-RAY 

DIAGNOSIS* 

BY   SAMUEL  B.  CHILDS,    M.D. 

DENVER,    COLORADO 

NEW  growths  within  the  chest   present  1920.  Had  been  losing  weight  and  strength, 

to    the    roentgenologist    complicated  but  continued  to  be  up  and  about  until 

problems  for  diagnosis.  As  an  aid  in  the  April,   1921,  when  she  went  to  an  eastern 

solution  of  these,  it  is  considered  necessary  clinic.  Had  a  slight  fever  in  the  afternoon, 

to  review  not  only  the  changes  character-  No  tubercle  bacilli.  No  positive  diagnosis 

istic  of  new  growths,  but  also  those  associ-  made.    Advised    to    go    home    and    rest, 

ated  with  certain  mtlammatory  conditions  Had  acute  mastoid  and   recovered.  Went 

which  may  produce  a  similar  appearance,  to  California  on  a   pleasure  trip;  was  in 

Growths  within  the  chest  may  be  divided,  Los    Angeles    three    months.   Three    days 

for  the  sake  of  description,  into  two  classes:  after  arrival,  became  ill  and  been  in  bed 

1.  Those  in  the  mediastinum.  ever  since.  Severe  pain  in  the  left  chest. 

2.  Those  in  the  lungs.  Pain  on  taking  full  breath.   Fever  daily, 
Mediastinum.     Hodgkin's  disease  is  gen-  100  to  102°  F.  Chills  often,  night  sweats 

erally  shown  by  a  paratracheal,  dense  often.  Cough  very  severe.  Very  slight 
shadow  projecting  beyond  the  medias-  expectoration.  Cough  paroxysmal.  July 
tinum,  with  a  border,  either  irregular  in  15th,  bowels  loose,  very  offensive  mucopus. 
outline,  or  circumscribed  and  clearly  de-  Pain.  Went  home  to  Nebraska  first  of 
fined,  which  extends  over  a  considerable  September.  Advised  to  come  here.  First 
part  of  the  median  shadow.  These  masses  aspiration  last  July,  two  quarts,  cherry 
may  attain  to  a  large  size,  projecting  red.  Second  one  was  made  week  ago  in 
beyond  the  mid-clavicular  nipple  line,  and  Nebraska,  one  pint  a.m.  and  one  p.m. 
extend  the  entire  length  ot  the  median  same  day,  same  character.  Not  much 
shadow.  Occasionally  only  a  unilateral  improvement  in  breathing.  Reported  to 
mass  projects  at  the  level  of  the  hilus.  Dr.  Bonney  Sept.  ",  192 1.  On  that  day  he 
circumscribed  by  a  border  similar  to  that  aspirated  and  drew  a  pint  of  bloody  fluid, 
above  described.  The  diagnosis  in  this  Patient  referred  to  the  writer  for  an  x-ray 
disease  can  be  confirmed  by  biopsy.  examination  Sept.  9,  192 1,  malignancy 
Lymphosarcoma  starts  in  the  medias-  being  suspected.  Patient  unable  to  leave 
tinum  and  is  apt  to  increase  rapidly  in  bed  and  examination  was  made  by  port- 
size  and  involve  the  lung  or  pleura,  or  able.  The  result  of  this  examination  is  as 
both.  Illustrative  of  this  condition,  the  follows:  The  left  lung  is  obscured  by  an 
report  of  the  following  case  is  of  interest,  extensive  eff"usion  with  the  fluid  level 
I  am  indebted  to  Dr.  S.  G.  Bonney  for  the  surmounted  by  a  pneumothorax  in  extreme 
patient's  history.  apex.  There  is  demonstrated  a  para- 
Female,  aged  twenty-three,  married,  tracheal  mass  on  the  right  side  about 
Previous  health  good  until  the  spring  of  31,9   in.   long  and    i    in.   wide  in   greatest 

*  Read  in  part  at  the  Twenty-third  Annual  Meeting  of  The  .\merican'  Roestgex  Ray  Society.  Los  AnRles.  Calif.,  Sept.  12-16.  1922. 
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diameter.  Heart  shadow  displaced  to  the 
right.  No  pathology  shown  in  the  right 
lung  (Fig.  ij.  In  the  diagnosis,  two  condi- 
tions only  were  considered,  sarcoma  and 
Hodgkins.  A  few  small  glands  were  de- 
tected above  the  left  clavicle,  one  of  these 
was  removed  by  Dr.  Bonney  and  the 
pathologist's  report  was  lymphosarcoma. 
The  patient  died  about  Sept.  20,  192 1. 


circumscribes  a  roundish,  or  e\en  quite 
round,  dense  area  usually  projecting  from 
the  right  side  of  the  mediastinum.  This 
latter  variety  of  cysts  is  generally  single, 
and  occasionally  the  shadow  cast  by  teeth 
or  pieces  of  bone  may  be  demonstrated, 
otherwise  only  a  probable  diagnosis  is 
warranted,  except  in  such  a  case  as  men- 
tioned by  Dr.  Hall,  where  convincing 
proof  is  obtamed  in  the  expectoration. 
If,  howe\er,  repeated  examinations  over  a 


Fig.   I.  Lymphosarcoma.  Paratracheal  mass  on  right  Fig.  2.  Tuberculosis  in  upper  half  of  each  lung.  Posi- 

side.    Involvement    of    left    lung    and    pleura    with  tive  T.  B.  sputum.  Sharply  defined  shadow  at  hiius 

hcniopneumothorax   of  left  side.   Diagnosis  verified  of  right  lung,   probably  a  dermoid  cyst.  Has  not  in- 

by  biopsy.  For  clinical  history  see  text.  creased  in  size  during  several  months'  observation. 


Intrathoracic  thyroid  casts  a  fairly 
characteristic  shadow  of  uniform  density, 
in  the  upper  part  of  the  mediastinum.  The 
base  of  this  shadow  is  situated  upward, 
having  a  lessened  diameter  at  its  lower 
extremity.  The  edges  of  this  shadow  are 
generally  well  circumscribed. 

Enlarged  thymus  should  cast  a  small, 
inverted,  heart-shaped  shadow  which  over- 
laps the  aorta  and  the  base  of  the  heart. 

A  number  of  the  cases  in  which  the 
diagnosis  of  enlarged  thymus  has  been 
made  have  not  been  verified  by  a  post- 
mortem examination,  hence  a  diagnosis  in 
this  condition  is  not  considered  particu- 
larly reliable. 

Cysts  cast  characteristic  shadows, 
generally  well  circumscribed  and  of  uni- 
form density.  A  dermoid  cyst  is  charactor- 
i/.cd  by  a  distinctly  clear-cut  border  which 


considerable  period  of  time  fail  to  detect 
any  marked  change  in  the  size  of  the  cyst 
and  no  e\idence  of  secondary  deposits 
appears  elsewhere  in  the  chest,  a  com- 
plement fixation  test  being  negative  and 
the  general  condition  of  the  patient  good, 
the  diagnosis  of  a  dermoid  cyst  is  greatly 
strengthened  (Fig  2). 

A  cyst  may  be  overlooked,  especially  if 
its  detection  be  interfered  with  by  the 
heart  shadow.  The  writer  had  an  experience 
of  this  kind  about  eighteen  years  ago, 
before  the  screen  examination  occupied  the 
prominent  place  that  it  does  today. 
He  failed  to  detect  the  cyst,  which  was 
demonstrated  by  necropsy,  but  was  im- 
pressed clinically  with  the  large  area  of 
transmission  of  the  cardiac  impulse  to 
palpation.  This  should  have  attracted 
attention    to  some   lesion   in   the   medias- 
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timim,  as  neither  the  size  of  the  aortic  or 
heart  shadow  nor  the  intensity  of  the  heart- 
beat warranted  any  such  transmission. 

Primary  sarcoma  frequently  has  its 
origin  in  the  thymus  or  thyroid,  and  may 
assume  very  large  dmiensions,  both  in  the 
lateral  and  anteroposterior  diameters,  caus- 
ing severe  dyspnea  and  cyanosis,  a  fact 
which  was  particularly  impressed  upon 
the  writer  by  an  examination  of  a  patient 
m  the  prone  posture,  who  was  found,  after 
the  plates  were  developed,  to  have  such  a 


difficulty  in  diagnosis.  A  pulsating,  circum- 
scribed tumor  with  increased  breadth  in 
the  mediastinal  shadow,  and  a  heart 
situated  low,  with  a  flattened  left  ventricu- 
lar margin  are  .v-ray  signs  considered 
diagnostic.  Occasionally  a  case  is  seen  in 
which  the  pulsation  is  diminished,  or  even 
lacks  expansile  pulsation,  and  which  may 
present  some  difliculty  in  correct  interpre- 
tation. The  position  and  shape  of  the  heart 


^ 


Fig.  3.   Sarcoma  of  mediastinum  apparently  starting       Fig.  4.  Large  cold  abscess  situated  behind  and  extend- 
from  tlie  thymus.  Verified  post  mortem.  ing  below  the  heart.  Verified  post  mortem. 


mass.  The  severity  of  the  dyspnea  and 
coexistent  cyanosis  was  alarming  when 
the  patient  was  assisted  from  the  table. 
These  tumors  generally  have  a  roundish 
shape  with  a  clear-cut  border  (Fig.  3). 

Cold  abscess  frequently  presents  an 
appearance  simulating  that  of  a  new 
growth.  Its  presence  is  indicated  by  a 
dense  shadow  which  overlaps  bilaterally 
that  of  the  spine  with  its  long  axis  vertical 
(Fig.  4).  It  has  been  my  observation  that 
the  greatest  transverse  diameter  is  apt  to 
be  near  the  middle  of  the  abscess.  An 
ordinary  abscess  casts  a  dense  shadow 
which  may  present  itself  beyond  the  edges 
of  the  mediastinum,  but  the  diagnosis  of 
this  shadow  will  depend  largely  upon  the 
clinical  history. 

Aneurism    generally   presents   but   little 


just  mentioned  w^ill  prove  of  value  in 
making  a  diagnosis.  In  a  case  of  this  kind 
the  post-mortem  examination  will  prob- 
ably reveal  the  aneurismal  sac  filled  with 
an  old  organized  blood-clot,  leaving  a 
practically  normal-sized  opening  through 
the  original  channel  of  the  aorta. 

An  aneurism  may  simulate,  however, 
the  appearance  of  a  cancer  of  the  lung  or  a 
tumor  of  the  mediastinum. 

One  or  more  masses  may  signify  the 
presence  of  tuberculous  glands,  or  may 
indicate  a  primary  or  secondary  cancer. 
The  shadows  cast  by  these  are  practically 
similar.  A  distinguishing  point  from  the 
source  of  origin  is  that  tuberculous  masses 
are  generally  found  in  the  posterior  medi- 
astinum, while  cancerous  nodules  are  more 
frequently    in    the   anterior   mediastinum. 
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with  the  exception  of  a  carcinoma  invoKing 
the  esophagus,  which  should  be  mentioned 
in  the  growths  of  the  mediastinum.  This 
condition  requires  confirmation  by  the  aid 
of  an  opaque  mixture  in  the  esophagus. 

New  growths  in  the  lung  are  sub- 
divided under  the  heading  of  benign  and 
malignant. 

If  we  exclude  the  massive  deposits 
frequently  found  in  pneumoconiosis  from 
the  list  of  the  new  growths,  benign  growths 
in  the  lung  are  very  rare.  I  have  never  seen 
a  case  of  echinococcus  cyst.  These,  how- 
ever, do  occur  and  appear  in  the  lower  lobe 
of  the  right  lung.  Dr.  Hall  reports  to  me 
that  he  saw  in  his  own  practice  a  case  of 
echinococcus  cyst  in  the  lower  lobe  of  the 
right  lung,  which  was  verified  post-mortem 
and  by  the  microscope.  This  case  was 
observed  a  number  of  years  ago,  before 
x-ray  examinations  were  made. 

Malignancy  of  the  lung  is  di\  ided  mto 
two  classes,  primary  and  metastatic. 

Primary  sarcoma  of  the  lung  is  very 
rare.  The  writer  has  no  proved  case  to 
report,  but  the  clinical  diagnosis  of  primary 
sarcoma  of  the  apex  of  the  right  lung 
seems  warranted  in  the  following  case: 

Male,  aged  twenty-three,  referred  by 
Dr.  Arneill,  for  an  .v-ray  examination 
Jan.  24,  1916.  I  am  indebted  to  him  for  the 
following  history  and  physical  findings: 
The  chief  symptom  was  a  dull  pain  in  the 
right  back  between  the  shoulder-blade 
and  spine,  also  in  a  similar  locality  in  the 
right  chest  and  axilla.  Has  had  the  pain 
in  the  back  for  six  or  seven  months.  A 
cough  has  been  present  for  four  months, 
with  very  little  expectoration.  Had  an 
attack  of  grippe  about  one  month  ago,  with 
fever.  Has  lost  considerable  weight,  and 
there  is  at  present  considerable  numbness 
along  the  course  of  the  right  intercostal 
nerves.  Appetite  and  digestion  fair.  Physi- 
cal signs:  right  side  shows  diminished 
expansion,  right  apex  and  right  infra- 
clavicular region  to  third  rib  are  dull.  High- 
pitched  blowing  breathing  over  the  area 
of  dulness,  also  whispered  pectoriloquy, 
high-pitched  blowing  breathing  over  the 
right  back  to  the  middle  of  the  scapula. 
No  signs  of  moisture  detected  in  the  chest. 
Left  radial  pulse  considerably  stronger 
than    the    right.    Pulse    96.   Teni])crature 


99.2°  F.  Heart  dulness  normal,  also  the 
heart  sounds. 

The  .v-ray  examination  showed  a  uni- 
formly dense,  roundish  shadow  involving 
the  upper  part  of  the  right  lung,  with  a 
clear-cut  border  and  no  sign  of  in\oIve- 
ment  of  contiguous  lung  tissue.  No  other 
pathology  shown  in  the  lung  or  the 
mediastinum  (Fig.  5). 

Diagnosis.  New  growth  in  the  upper 
part  of  the  right  lung,  probably  primary 
sarcoma.  The  patient  died  within  two 
months  from  the  time  of  examination. 


Fig.  5.  Clinically  this  is  considered  a  primary  sarcoma 
of  the  right  lung.  For  history  and  physical  findings 
see  text. 

The  primary  type  of  carcinoma  is  not 
common,  but  it  occurs  with  sufficient  fre- 
cjuency  to  make  the  roentgenologist  bear 
this  disease  in  mind  in  all  lung  cases  in 
which  the  .v-ray,  clinical  and  laboratory 
e\'idence  do  not  warrant  the  diagnosis  of 
any  of  the  more  common  pathological  con- 
ditions. Especially  is  this  so  when  the 
symptoms  are  distress  or  pain  in  the  chest, 
dyspnea  and  the  presence  of  bloody  or 
prune-juice  expectoration.  In  looking  over 
the  literature,  the  writer  finds  several 
descriptions  of  this  condition,  and  takes  the 
liberty  of  giving  the  following  opinions: 

Carman  considers  a  dense  lobar  shadow 
with  smaller  areas  suggesting  metastasis 
as  characteristic. 

Christie  divides  primary  cancer  into 
two  types:  infiltrative  and  miliary. 

Infiltrative  is  a  roughly  circular  shadow 
extending  outward  from  the  hilus,  shading 
olV   into   the   lung   shadow  and  with  proc- 
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esses  radiating  into  the  hing.  Outside  this 
area  are  e^■idences  of  congestion.  In 
addition  to  this  picture,  a  few  nodules 
with  indistinct  edges  surrounding  the 
central  shadow  or  in  relation  with  the 
bronchial  trunks  near  the  periphery  com- 
plete the  characteristic  picture. 

Miliary  type  has  diffuse  nodulations 
throughout  the  lung  with  hazy  periphery 
and  surrounding  zone  of  congestion. 

Holmes  and  Ruggles  state  that  primary 
cancer  is  practically  always  unilateral 
and     presents     two    types:  nodular    and 


Fig.  6.  Primary  carcinoma  extending  upward  from 
root  of  left  lung.  Appearance  simulates  that  of 
aneurism.  Verified  post  mortem. 

infiltratne.  The  former  consists  of  dense 
rounded  masses  occurring  near  the  hilus, 
and  sharply  marked  off  from  the  surround- 
ing lung  tissue. 

The  infiltrative  type  arises  from  the 
bronchus,  and  infiltrates  the  lung  along 
the  bronchial  ramifications,  causing  an 
increased  density  of  the  lung  markings, 
or  it  may  involve  the  surrounding  lung 
tissue  and  be  seen  as  a  mass  with  fairly 
smooth  edges,  except  for  the  advancing 
margin,  which  is  irregular. 

A  number  of  other  observers  recognize 
two  di\isions  of  cancer,  namely,  that  of  a 
lobe  and  that  of  the  hilus,  also  that  hilar 
lesions  predominate  over  lobar,  and  that 
the  majority  of  hilar  lesions  invade  the 
parenchyma  in  their  progressive  develop- 
ment. 


The  writer  reports  2  cases  of  primary 
carcinoma  of  the  lung,  verified  by  necropsy 
and  pathological  examination.  One  of  these 
cases  is  presented  through  the  courtesy  of 
Dr.  Bronsis  of  the  Jewish  Relief  Society 
(Fig.  6). 

The  metastatic  deposits  of  cancer  may 
be  general  in  both  lungs,  or  confined  to  one 
lung.  The  lesions  on  the  .x-ra\'  plate  con- 
sist of  general  nodulations  in  the  lung  or 
localized  deposits  in  the  line  of  the  lung 
markings,    generallv    involving   the    lower 


Fig.   7.   Metastatic   carcinoma   of  lungs   secondary   to 
carcinoma  of  stomacli.  Vcritied  post  mortem. 

half  of  the  lung,  and  apparently  starting 
from  the  hilus.  The  appearance  of  metas- 
tatic deposits  is  practically  that  men- 
tioned for  primary  lesions  and  a  careful 
necropsy  may  be  necessary  for  differentia- 
tion, provided  the  clinical  history  does  not 
give  convincing  evidence  (Fig.  7). 

Where  the  pleura  is  primarily  involved 
in  the  metastasis  before  the  lesions  are 
demonstrated  in  the  lung,  the  first  sign 
detected  may  be  only  a  restricted  mo- 
tion of  the  diaphragm  on  the  affected 
side. 

Metastasis  of  the  lung  is  comparatively' 
frequent,  especially  secondary  to  car- 
cinoma of  the  breast,  and  if  an  x-ray 
examination  were  made  in  all  cases  of  this 
latter  disease,  some  radical  operations  for 
the  removal  of  the  breast  would  be  deemed 
inexpedient. 
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In  the  differentiation  between  benign 
and  malignant  growths  of  the  lung  it  is  a 
fairly  accurate  statement  that  benign 
growths  are  sharply  defined,  whereas 
in  malignant  growths,  the  absence  of  a 
clear-cut  border,  with  a  hazy  area  extend- 
ing into  the  surrounding  lung  structure  is 
to  be  expected.  Also,,  it  is  the  general  expe- 
rience that  sarcoma  presents  a  more 
sharply-defined  border  than  is  found  in 
carcinoma.  This  fact  Is  well  exemplified 
by  the  clear-cut  contour  of  rounded  sar- 
comatous   tumors    of    the    mediastinum. 

Benign  growths  and  circumscribed  shad- 
ows simulating  the  appearance  of  growths 
must  be  considered  in  the  differential 
diagnosis.  Among  these,  mention  is  made 
of  cysts,  abscesses,  encysted  empyema, 
syphilis,  massive  deposits  from  pneu- 
monoconiosis,  unresolved  pneumonia, 
interlobar  effusion,  bronchiectasis  and 
tuberculosis. 

Whereas  the  clinical  evidence  will,  as  a 
rule,  readily  differentiate  most  of  these 
conditions  from  cancer,  yet  from  an  x-ray 
standpoint  alone,  differential  diagnosis 
from  cancer  is  often  difficult,  if  not 
impossible. 

The  appearance  of  a  cyst  has  already 
been  described. 

Abscess  of  the  lung  is  generally  single 
and  casts  a  shadow  of  fairly  uniform  den- 
sity, though  not  infrequently  the  center  of 
this  shadow  presents  a  lighter  area,  and  at 
times  a  fluid  level  can  be  detected.  The 
margin  of  this  shadow  may  be  clear-cut, 
but  it  usually  has  a  hazy  irregular  border. 
The  shape  of  the  abscess,  in  the  writer's 
experience,  has  most  frequently  been 
found  either  roundish  or  elliptical. 

Encysted  empyema  usually  presents  a 
sharp  border,  clearly  separated  from  the 
lung  structure,  and  casts  a  uniformly 
dense  shadow. 

There  are  no  changes  In  the  lung  that 
are  considered  peculiar  to  syphilis.  A 
gumma  may  exist  and  be  indicated  by  a 
massive  shadow  in  any  part  of  the  lung, 
with  probably  small,  nodular,  hazy  shad- 
ows in  some  other  part  of  the  same  lung. 
Another  type  of  this  disease  may  show 
more  or  less  extensive  parenchymatous 
invoKement  characterized  by  irregular 
nodular    shadows,    varying    in   size,   with 


hazy  margms.  We  may  also  find  only 
increased  density  of  the  hilus  with  in- 
creased area  of  shadows  extending  into  the 
lung  substance. 

A  valuable  aid,  however,  in  the  correct 
interpretation  of  these  shadows,  may  be 
found  in  the  cardiovascular  changes  in  the 
chest  which  are  so  frequently  found  in 
syphilis. 

A  positive  Wassermann  is  an  even  more 
A'aluable  aid,  and  a  more  important  one 
still  IS  the  disappearance  either  par- 
tially or  entirely  of  the  lung  involvement 
under  specific  medication,  for  it  must  not 
be  forgotten  that  syphilis  and  other  dis- 
eases of  the  lung  may  coexist,  or  that  a 
positive  Wassermann  does  not  neces- 
sarily signify  that  the  lung  changes  found 
in  a  given  case  are  due  to  syphilis. 

Pneumonoconiosis  is  manifested  by  small 
nodular  deposits  distributed  in  the  line  of 
the  bronchial  radiations,  and  may  be 
mistaken  for  a  similar  type  of  peribronchial 
deposits  from  cancer.  If  carefully  observed, 
howe\er,  the  hazy  edge  of  the  cancerous 
nodules  shading  off  into  the  inflammatory 
lung  tissue  is  in  marked  contrast  to  the 
appearance  of  the  more  sharply  cut  edges 
in  pneumonoconiosis.  Furthermore,  the 
latter  nodules  are  bilateral  and  fairly 
symmetrical,  while  in  cancer  the  nodules 
may  be  unilateral.  The  heart  shadow  is 
usually  enlarged  in  pneumonoconiosis. 

Definite  massive  deposits  from  pneumo- 
noconiosis when  situated  above  the  hilus  of 
the  lung  may  present  an  appearance  of 
aneurism.  Such  a  case  was  reported  by  Dr. 
Sewall  in  The  American  Journal  oj  the 
Medical  Sciences  for  January,  1906. 

An  .v-ray  examination  was  made  by  the 
writer  of  this  case  on  May  5,  1904.  A 
systolic  bruit  was  detected  by  Dr.  Sewall 
over  the  lower  half  of  the  right  scapula, 
which  was  suspected,  in  \"iew  of  the  sus- 
picion of  syphilitic  infection,  to  be  caused 
by  a  thoracic  aneurism. 

The  report  based  upon  the  .v-ray  exami- 
nation of  this  case  is  as  follows:  Heart 
is  situated  low  in  the  chest.  The  shadow  of 
the  aorta  seems  broader  than  normal. 
Both  sides  of  the  diaphragm  move  fairly 
well,  the  left  more  than  the  right.  There  is 
seen  best  from  tlie  back,  projecting  into  the 
right   lung,  a   rather  dense  shadow,  some- 
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what  rectangular  in  shape.  It  luses  on  the 
inside  with  the  shadow  of  the  base  of  the 
heart  and  ascending  aorta,  with  a  surround- 
ing clear  space  externally  above  and  IdoIow. 
No  pulsation  is  detected  in  this  shadow, 
but  the  shadow  is  of  uneven  density.  In 
each  lung  are  seen  a  number  of  dense  cir- 
cumscribed deposits. 

Diagnosis.  Circumscribed  mass  in  the 
right  lung  extending  toward  the  median 
line  of  the  sternum.  Negative  for^aneurism. 

Necropsy  Report.  At  the  root  of  the 
right  lung  is  found  a  hard  solid  mass  ovoi- 
dal  or  pyriform  in  shape,  4  in.  long,  3^2  in- 


trom  the  hilus,  and  if  not  too  extensive, 
the  shape  of  this  shadow  and  its  direction 
should  conform  to  the  line  of  the  fissure, 
li,  howe\er,  the  effusion  is  quite  extensive, 
its  shadow  may  obscure  nearly  the  entire 
lung.  The  writer  has  observed  in  2  such 
cases  that  the  costophrenic  angle  is  not 
dense  like  the  remaining  shadow,  in  contrast 
with  the  shadow  cast  by  a  general  effusion 
obscuring  cancerous  deposits  or  an  extensive 
pleurisy  with  effusion  from  any  other  cause. 
The  condition  of  bronchiectasis  is  typi- 
fied chiefly  by  marked  thickening  of  the 
lower  radiations  on  each  side,  and,  accord- 
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Fig.  8.  Extensive  tuberculosis  botli  lun^s.  i^.isiti\  <_■  ['.  B. 
sputum.  Appearance  simulates  carcmonia  ut  the 
lung. 

wide  and  2} 2  hi.  deep,  which  reaches  the 
posterior  surface  of  the  lung.  Hard  black 
nodules  the  size  of  duck  shot  are  scattered 
through  the  upper  lobe.  On  section,  the 
mass  at  the  root  of  the  lung  is  found  to  be 
black   in   color   and   gristly   in   resistance. 

Diagnosis.     Anthracosis. 

Massive  deposits  may  also  simulate  the 
appearance  of  cancer. 

Unresolved  pneumonia  presents  an  ap- 
pearance which,  without  the  aid  of  the 
clinical  history,  may  be  impossible  to 
differentiate  from  cancer. 

In  interlobar  effusion  we  find  a  shadow 
sometimes  described  as  a  hanging  shadow 


Fig.   9.    Probable   syphilis   of  right   lung.    Symptoms: 

f)ain  in  chest,  occasional  shortness  of  breath,  very 
ittle  cough,  about  normal  weight.  Had  pneumonia 
two  years  ago.  4  plus  Wasserniann.  Definite  improve- 
ment under  antiseptic  treatment. 

ing  to  the  extent  of  the  lesion,  there  may 
be  small  pseudo  cavitations.  In  cancer,  the 
lesion  is  generally  unilateral  and,  whereas 
it  may  be  confined  to  the  lower  lobe,  it 
frequently  extends  directly  outward  from 
the  hilus  of  the  lung  as  well.  The  clinical 
diagnosis  of  bronchiectasis  is  generally 
self-evident. 

When  tuberculosis  is  associated  with 
areas  of  caseous  pneumonia,  the  lung 
changes  may  closely  simulate  those  of 
cancer.  But  in  this  latter  condition,  the 
lesion  seldom  involves  the  apex,  while  in 
tuberculosis,  the  apex  is  generally  definitely 
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involved,  and  if  there  are  hilar  shadows 
in  each  condition,  the  larger  size  of  these 
and  their  irregular  edges  with  the  changes 
above  described,  extending  into  the  sur- 
rounding lung  tissues,  are  valuable  aids 
in  the  differential  diagnosis  (Fig.  8). 

In  the  miliary  type  of  tuberculosis,  the 
deposits  are  smaller,  as  a  rule,  than  those 
found  in  cancer,  and  are  apt  to  be  fairly 
uniform  in  size,  and  will  probably  have  a 
hazy  border.  However,  the  writer  has 
observed  one  case  of  general  carcinomatous 
deposits,  as  far  as  determined  by  post- 
mortem exammation,  m  which  the  deposits 
were  small,  like  those  ordinarily  found  in 
miliary  tuberculosis. 

SUMMARY 

The  x-ray  furnishes  valuable  evidence 
in  ail  new  growths  within  the  chest,  and 


in  some  of  these  conditions  a  positi\'e 
diagnosis  can  be  made  from  its  use 
alone. 

It  is  considered,  however,  that  in  all 
cases  of  new  growths,  the  x-ray  should  be 
combined  with  the  clinical  and  laboratory 
evidence,  before  a  positive  diagnosis  is 
made. 

Primary  carcinoma  of  the  lung  presents, 
generally,  a  fairly  definite  group  of  symp- 
toms as  well  as  a  rather  typical  x-ray 
picture,  and,  although  it  is  not  common, 
yet  it  occurs  sufficiently  often  for  the 
clinician  and  the  roentgenologist  to  bear 
the  possibility  of  its  existence  in  mind, 
when  the  findings  in  a  given  case  are  not 
satisfactorily  accounted  for  by  the  diseases 
ordinarily  found  in  the  lungs.  When  the 
combined  evidence  is  before  us,  mistakes 
in  this  diagnosis  will  be  greatly  lessened. 
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T^/'E  believe  the  following  statements 
T  T  will  justify  us  in  presenting  to  this 
Association  the  general  subject  of  the 
Diagnosis  of  Malignant  Diseases  Within 
the  Chest: 

It  is  realized  everywhere  that  such 
disease  is  becoming  more  common,  the 
proof  from  autopsy  statistics  alone  being 
sufficient  to  establish  this  point. 

The  diagnosis  is  made  in  80  or  90  per 
cent  of  cases  in  certain  clinics,  but  in  only 
occasional  instances  in  others.  It  is  obvious 
that,  if  the  knowledge  and  facilities  which 
enable  certain  physicians  to  make  the 
diagnosis  in  most  cases  were  in  the  posses- 
sion of  all  physicians,  failure  of  diagnosis 
would  be  infrequent.  We  are  of  that 
number  who  belie\e  from  experience  that 
the  diagnosis  can  be  made  in  a  \er\  great 
majority  of  cases. 

Malignant  disease  within  the  chest 
chieHy  involves,  primarily  or  secondarily, 
the  following  organs: 

The  lungs,  including  the  bronchi. 

The  pleurae. 

The  mediastinal  glands, 
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The  thymus. 

The  thyroid. 

The  esophagus. 

Teratomata  should  also  be  considered. 

The  Lungs  and  Bronchi.  It  is  in  this 
field  that  the  recently  noted  increase  of 
malignant  disease  has  chiefly  occurred, 
and  the  opinion  is  general  that  the  source 
of  the  growths  lies  in  the  frecjuent  residual 
lesions  left  in  the  wake  of  the  great  epi- 
demic of  influenza.  The  frequently  re- 
ported evidence  of  origin  from  bronchi- 
cctatic  cavities,  tuberculous  cicatrices,  and 
other  foci  of  inflammation  is  noted  on 
every  hand.  It  is  probable  that  the  cases 
noted  in  the  German  literature,  as  originat- 
ing in  the  miners  of  cobalt,  nickel  and 
bismuth,  in  the  Schneeberg  district,  and 
in  the  sandstone  workers  near  Dresden, 
are,  like  the  occasional  cases  in  this 
country  in  miners,  the  result  of  irritation 
of  lungs,  bronchial  mucosa  or  bronchial 
glands  by  the  various  irritants  mentioned. 
Doubtless  a  chronic  inflammatory  lesion 
always  precedes  the  malignant  growth. 
The  frequency  of  cancer  of  the  bladder  in 
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anilin  workers  is  ot  interest  in  this  connec- 
tion. One  of  us'  saw  cancer  of  the  lung 
in  an  oil  refinery  employe  subjected  in  his 
work  to  exposure  to  \ery  irritating  gases. 
The  case  reported  by  Chevalier  Jackson, 
of  cancer  de\"eloping  about  a  foreign  body 
which  had  remained  in  the  bronchus  ior 
thirty-five  years,  is  worthy  of  mention. 

The  preponderance  of  males  in  the  case 
reports  is  doubtless  m  part  due  to  the  fact 
that  occupational  disease,  such  as  pneu- 
monoconiosis,  as  seen  in  miners,  marble 
workers,  grinders,  and  others,  which 
disease  predisposes  to  malignancy,  is 
practically  limited  to  the  male  sex. 

The  preponderance  of  cases  after  forty 
years  of  age  is  the  natural  result  of  the 
circumstance  that  a  long-continued  in- 
flammatory process  precedes  malignant 
change. 

The  development  of  carcinoma  or  sar- 
coma shortly  after  trauma  has  been 
observed,  but  a  causal  relation  is  scarcely 
established. 

Why  right-sided  disease  Is  more 
frequent  Is  not  known,  but  the  relatively 
greater  bronchial  and  glandular  pre- 
ponderance upon  this  side  is  probably  a 
factor. 

The  histology  of  the  growths  in  the  lung 
has  been  extensively  studied  by  others,  and 
we  shall  In  this  article  speak  In  geiieral 
terms  only  of  cancer  and  sarcoma. 

Primary  Cancer.  Pfahler  mentions  the 
sharplj'-deiined,  nodular  type  of  cancer  at 
the  root  of  the  lung,  and  the  infiltrating 
type,  spreading  outward  and  upward  from 
the  hilus,  especially  along  the  bronchial 
tree.  The  mediastinal  shadow  is  often 
broadened.  The  disease  occasionally 
spreads  along  the  thoracic  duct,  and  chylous 
ascites  or  hydrothorax  may  result.  The 
tendency  of  inflammatory  thickening  to 
involve  the  bronchi  running  downward 
from  the  hilus  is  well  recognized,  especially 
since  the  great  epidemic.  This  forms  a 
valuable  differential  criterion. 

Secondary  carcinomatous  InvoKement 
of  the  lung  is  very  common.  Warfield,  in 
516  autopsies  in  cancer  of  the  breast,  found 
the  lung  Involved  by  metastasis  1-8  times. 
While  direct  extension  through  the  chest 
wall  In  breast  cancer  leads  to  metastasis  in 
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the  lung  of  the  same  side,  extension  from 
growths  elsewhere  in  the  body  commonly 
leads  to  a  bilateral  development  in  the 
lungs. 

Carman  believes  that  cancer  is  often 
carried  by  embolism  through  the  blood- 
vessels, although  lymphatic  distribution  Is 
probably  the  rule. 

Metastasis  from  primary  cancer  of  the 
lung  Is  most  frequent  In  the  lymph-nodes, 
next.  In  the  liver,  while  the  bones  and  other 
organs  are  occasionally  affected. 

Primary  sarcoma  spreads  outward  more 
especially  about  the  median  fissure  on  the 
left,  or  the  median  lobe  on  the  right. 
Secondary  sarcoma,  howexer,  is  more  often 
seen  as  a  late  development  In  sarcoma  of 
the  testicle.  Nodules  appear  in  the  paren- 
chyma of  the  lung,  emboli  haxing  been 
carried  to  the  terminal  xessels  through  the 
blood  stream.  Metastasis  of  hyperneph- 
roma to  the  lungs  is  common  enough  to 
justify  Pfahler's  statement  that  the  lung 
should  always  be  examined  roentgenologl- 
cally  In  such  cases.  Miliary  involvement 
outward  from  the  root  of  the  lung  Is  the 
rule. 

Knox's  recent  report  upon  the  relation- 
ship of  massage  to  tumor  metastasis  is  of 
extreme  Interest.  In  animals,  gentle  mas- 
sage for  a  total  period  of  two  to  five 
minutes,  distributed  over  several  days,  has 
repeatedly  resulted  In  the  development  of 
embolic  metastasis  In  the  lungs.  Only 
tumors  which  grow  readily  when  implanted 
in  subcutaneous  connective  tissue  take 
readily  In  the  lungs.  W^Ith  Dr.  I.  C.  Mier- 
ley,  we  have  just  examined  a  patient  with 
metastasis  to  the  glands  In  the  right  lower 
abdomen,  a  few  weeks  after  the  remo\al 
of  the  right  testis  for  sarcoma.  He  casually 
stated  that  he  had  had  a  chiropractic 
treatment  of  these  glands  a  few  days 
before.  The  possibility  of  metastasis  to  the 
lungs  so  monopolized  my  attention  that  I 
desisted  from  the  examination  and  asked 
if  he  had  a  cough;  then  If  he  had  expectora- 
tion, and  then  If  It  was  bloody.  I  received  a 
positive  answer  to  all  three  questions.  A 
plate  of  the  lungs,  made  shortly  after- 
wards, showed  extensive  pulmonary  metas- 
tasis. 

Symptoms.  These  are  commonly  due 
more  to  the  inflammation  accompanying 
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the  growth  than  to  the  growth  itself.  A 
dry  cough  is  generally  the  first  symptom 
noted.  It  may  constitute  the  only  evidence 
of  disease  even  for  se\'eral  months.  A  thni 
mucous  expectoration  soon  follows,  and 
not  infrequently  a  blood-stained,  tena- 
cious, even  jelly-like  sputum. 

In  the  primary  cases,  further  symptoms  do 
not  develop  until  the  growth  of  the  tumor 
mass  or  masses  causes  erosion,  giving  rise  to 
hemorrhage,  or  pressure,  leading  to  pain 
and  notable  dyspnea.  Marked  weakness, 
cachexia  and  fever  appear  later.  A  terrible 
feeling  of  oppression  in  the  chest  is  noted 
when  the  growth  is  a  massive  one.  After 
considerable  pressure  has  developed, 
secondary  bronchiectasis  may  give  rise  to  a 
purulent  sputum  or  the  addition  of  puru- 
lent elements  to  the  sputum.  The  presence 
of  fever  is  certainly  not  to  be  taken  as 
against  the  diagnosis  of  cancer,  since  it  is 
present  in  at  least  half  the  cases.  It  may 
arise  from  associated  suppurative  proc- 
esses, or  directly  from  the  malignant 
process.  The  appearance  of  effusion,  gener- 
ally bloody  in  character,  and  producing,  if 
large  enough,  the  usual  cardiac  displace- 
ment, is  to  be  taken  as  evidence  of 
malignant  pleural  involvement. 

The  varying  character  of  the  dyspnea  is 
worthy  of  study.  A  very  moderate  short- 
ness of  breath  is  the  rule  early  in  the 
disease.  With  the  appearance  of  the 
effusion,  the  dyspnea  increases,  as  also  in 
case  of  extensive  infiltration  of  the  lung. 
The  extreme  types  signify  that  extension 
to  the  mediastinal  glands  has  brought 
about  pressure  upon  one  main  bronchus, 
or  in  the  worst  instances,  upon  the  lower 
trachea. 

Compression  of  the  recurrent  laryngeal 
nerve  upon  either  side,  or  of  the  vagus, 
is  accompanied  by  exaggeration  of  the 
cough,  with  hoarseness,  stridor,  or  inspira- 
tory dyspnea.  Irregular,  slow  or  rapid 
pulse  may  result  from  compression  of  the 
vagus.  A  decided  increase  in  the  amount  of 
expectoration  suggests  that  the  growth 
is  breaking  down.  The  greenish  discolor- 
ation occasionally  seen  is  probably  due 
to  gangrene  in  a  compressed  lung  and 
is  of  very  bad  significance.  Particles  of 
the  tumor  mav  be  recovered  fiom  the 
sputum. 


Dysphagia  is  an  occasional  symptom — 
due  either  to  pressure  upon  the  esophagus 
or  to  involvement  of  the  nervous  mechanism. 

Irritation  of  the  sympathetic  may  cause 
contraction  of  the  pupil,  with  flushing, 
while  more  complete  compression  of  the 
nerve  many  result  in  pallor  of  the  face  and 
neck,  and  dilated  pupil. 

In  cancer  of  the  right  lung,  especially, 
the  superior  vena  cava  may  be  compressed, 
with  edema  of  the  body  above  the  waist 
line.  Dilatation  of  the  external  veins  of  the 
chest  often  follows  compression  of  the 
internal  mammary  vein. 

Phyrsical  Signs.  Changes  in  the  percus- 
sion note  may  not  be  manifest  until  the 
growth  assumes  such  size  as  to  give  rise  to 
dulness,  or  the  presence  of  a  pleural  effusion 
causes  flatness  o\er  the  aflected  area.  The 
most  notable  flatness  is  found  in  case  of 
extension  to  the  pleura,  where  solidified 
lung,  vastly  thickened  pleura  and  perhaps  a 
small  effusion  unite  to  produce  phenomenal 
solidity,  as  in  4  of  our  recent  cases.  In  one 
of  these  the  right  side  of  the  chest  was 
greatly  enlarged.  Flat  tympany  or  hyper- 
resonance  may  be  found  when  a  bronchus 
is  compressed,  or  an  amphoric  note,  if  a 
cavity  develops.  The  possibility  of  pneumo- 
thorax must  be  considered,  although  it  is  a 
decidedly  rare  occurrence.  Displacement 
of  the  heart  and  mediastinum,  which 
should  be  carefully  sought  for  in  every 
case,  is  usually  due  to  effusion,  but,  as  in 
one  case  of  mine,  may  be  due  solely  to  the 
massi\e  character  of  the  growth  in  the 
lung  and  pleura. 

Upon  auscultation,  we  may  hear  pleural 
friction,  bronchial  respiration,  decreased 
respiratory  murmur,  moist  or  wheezing 
rales,  increased  or  diminished  voice  sounds 
or  amphoric  sounds,  all  interpreted  pre- 
cisely as  in  other  lung  affections.  The 
heart  sounds  are  frequently  heard  with 
unusual  distinctness  through  solidified 
lung  or  pleura,  or  an  effusion.  Vocal 
fremitus  is  increased  or  decreased  as  in 
other  conditions,  and  has  no  especial 
significance.  The  wide  transmission  of  a 
blowing  sound  originating  at  a  point  of 
narrowing  of  a  bronchus,  from  com- 
pression, commonly  by  a  cancerous  bron- 
chial gland,  is  occasionally  noted — the 
cornatre  of  French  writers.  Pleural  effusion 
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probably  occurs  in  half  the  cases,  and  is 
generally  yellowish  or  bloody.  Because  of 
cancerous  involvement  of  the  pleura, 
which  itself  gives  rise  to  extensive  dulness, 
it  is  often  less  in  amount  than  expected 
from  the  physical  signs.  The  effusion  may 
become  purulent.  Pericardial  effusion  may 
occur.  The  withdrawal  of  a  small  amount 
of  bloody  effusion  in  any  case  strongly 
suggests  malignancy. 

Diagnosis.  In  fairly  typical  cases  we 
may  expect  a  slow  onset,  with  dry  cough, 
slight  sputum,  later  sanguineous,  and  still 
later,  frankly  bloody  and  gelatinous.  As 
the  disease  advances,  pain,  fever  in  half 
the  cases,  loss  of  flesh,  and  the  appearance 
of  such  physical  signs  as  we  have  men- 
tioned should  strongly  suggest  malignant 
disease.  The  appearance  of  palpable  glands 
about  the  neck  or  axillae,  noted  in  many  of 
the  cases,  is  extremely  suggestive,  and  the 
withdrawal  of  a  bloody  exudate  from  the 
pleura  establishes  a  presumptive  diagnosis. 
The  finding  of  roentgenological  e^'idence 
such  as  we  ha\e  mentioned  ordinarily 
clears  up  all  doubt.  The  histological  exam- 
ination of  an  excised  gland  is  conclusive, 
and  should  be  carried  out  in  most  cases. 

When  the  history  and  the  presence  of 
enlarged  glands  suggest  tuberculosis,  the 
sputum  should  be  examined  with  especial 
care.  The  finding  of  bacilli  does  not  in  the 
least  contro\ert  a  diagnosis  of  malignant 
disease,  since,  as  we  have  seen,  tuberculous 
processes  so  commonly  serve  as  a  starting 
point  for  the  growths  we  are  considering. 
Yet — such  a  finding  calls  for  a  careful 
sifting  of  all  evidence  before  making  a 
diagnosis  of  new  growth. 

Fishberg  rightly  speaks  of  the  larity  ot 

Eain  and  dyspnea  in  early  tuberculosis, 
ut  these  symptoms  are  common  in  cancer. 
The  nodules  shown  upon  the  .v-ray  plate  in 
miliary  distribution  of  cancer  are  larger 
and  more  dense  than  those  of  tuberculous 
origin.  The  absence  of  fever  suggests 
cancer  rather  than  tuberculosis,  although, 
as  noted  above,  half  of  the  cases  of  cancer 
run  a  febrile  course. 

Because  of  the  resemblance  of  syphilitic 
infiltration  of  the  lung,  a  Wassermann  test 
should  be  made  in  e\'ery  case.  Leukemic 
infiltration  may  be  definitely  recognized  by 
the    blood    examination,    and    Hodgkin's 


disease  by  the  characteristic  distribution  of 
the  glandular  involvement.  Histological 
examination  of  an  excised  gland  makes  the 
diagnosis  positive.  The  free  use  of  the 
exploring  needle  is  advisable  in  case  of 
doubt  as  to  the  presence  of  empyema  or 
pleural  effusion  of  non-malignant  charac- 
ter. The  history,  the  febrile  course,  the 
expectoration  and  the  x-ray  appearance 
should  readily  serve  to  differentiate  lung 
abscess.  In  a  recent  Denver  case,  an 
aneurism  was  found  at  post-mortem  exam- 
ination after  a  diagnosis  of  malignant  dis- 
ease had  been  made.  Certainly,  in  most 
instances,  the  presence  of  a  Wassermann 
reaction,  of  arterial  changes,  of  accom- 
panying aortic  disease,  tracheal  tug,  expan- 
sive pulsation,  demonstration  of  pulsation 
by  use  of  the  fluoroscope,  and  the  clearly 
outlined  characteristic  mass  upon  the 
-V-ray  plate  will  serve  to  prevent  this  error. 
The  finding  of  the  tracheal  diastolic  shock 
described  by  one  of  us^  should  absolutely 
exclude  solid  tumor. 

In  one  case,  thoracic  aneurism  and  a 
mass  from  cancer  of  the  esophagus  were 
present  at  the  same  time  giving  a  very 
confusing  picture  clinically  as  well  as 
roentgenologically,  yet  the  diagnosis  was 
possible. 

Jacobaeus  produces  an  artificial  pneumo- 
thorax before  raying  the  chest,  and  is 
enthusiastic  as  to  the  results.  Such  a  course 
is,  in  our  opinion,  rarely  called  for. 

Complications.  We  have  mentioned 
bronchiectasis  and  hemorrhage.  A  recent 
case  died  suddenly  apparently  of  pulmo- 
nary embolism,  but  we  had  no  opportunity^ 
to  prove  it  by  autopsy.  Thrombosis  of 
the  vena  cava  and  the  various  nerve 
Involvements  have  been  considered.  Herpes 
zoster  occasionally  develops  along  an 
intercostal  nerve  compressed  by  the 
growth.  Gangrene,  atelectasis,  metastasis 
and  even  external  perforation  may  occur. 

The  prognosis  speaks  for  itself,  although 
we  admit  the  possibility  of  surgical  cure 
in  rare  cases  in  the  future.  The  average 
case  dies  in  twelve  to  eighteen  months, 
but  certain  cases,  perhaps,  especially 
spindle-celled  sarcoma,  may  last  five  years. 

Malignant  Disease  of  Pleura.  We  have 
considered  the  condition  as  a  late  develop- 

'  Dr.  Hall.  .4m.  /.  M.  Sc,  Jan.,  :900. 
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mcnt  in  affections  of  the  lung.  As  a  distinct 
disease  it  is  commonly  unilateral.  There 
are  the  usual  symptoms  of  pleurisy,  pain, 
cough,  dyspnea  and  loss  of  weight,  gen- 
erally without  fever  or  expectoration. 
The  needle  passes  with  difficulty  through 
the  leathery  pleura,  and  commonly  with- 
draws but  a  small  amount  of  bloody  fluid. 
The  density  of  the  shadow  upon  the  x-ray 
plate  in  cases  of  great  cancerous  thickening 
of  the  pleura  Is  rarely  surpassed  by  any 
pathological  conditions.  The  development 
of  inoculation  metastases  along  the  needle 
path  gives  opportunity  for  a  conclusi\e 
histological  diagnosis. 

In  one  of  our  cases,  these  developed 
after  every  aspiration.  The  disease  spreads 
by  metastasis  to  the  lungs  and  to  surround- 
ing lymph-nodes.  After  tapping,  the  dis- 
placed heart  rarely  returns  to  its  normal 
position,  because  of  the  infiltration  around 
it,  and  little  relief  is  experienced  from 
removal  of  fluid  in  the  average  case.  The 
walls  of  the  cavity  involved  are  inelastic, 
and  the  removal  of  fluid  leads  to  further 
hemorrhage,  so  that  the  fluid  often  be- 
comes more  bloody  with  successive  aspira- 
tions. Little  is  commonly  gained  by  this 
method  of  treatment. 

In  a  case  which  has  never  been  tapped,  a 
yellowish,  serous  fluid  may  be  obtained 
upon  aspiration,  but  this  need  not  preju- 
dice us  against  the  diagnosis  of  malignant 
disease.  A  bit  of  tissue  which  may  be 
utilized  for  examination  may  be  found  in 
the  needle.  Endothelial  cells,  or  even 
distinctive  malignant  ones,  may  be  present 
In  the  fluid. 

Secondary  malignant  disease  of  the 
pleura  is  vastly  more  frequent  than 
primary,  the  source  being  generally  cancer 
of  the  breast,  stomach  or  mediastinum. 
Sarcoma  is  less  frequent  than  cancer.  The 
average  case  does  not  live  a  year. 

Mediaslinum.  Malignant  tumors  of  the 
mediastmum  arise  prmiarily  from  the 
mediastinal  glands  or  from  the  thymus 
gland,  in  the  great  majority  of  cases.  An 
aberrant  thyroid  gland  may  be  the  point 
of  t)rigin.  Cancer  ot  the  esophagus  de- 
\clo]3s  a  mediastinal  tumor,  either  from 
the  esophageal  disease  or  secondary  ade- 
nitis. Sarcoma  In  one  of  its  forms  is  the 
most     trec]ucnt     ol     mediastinal     growths. 


Lymphosarcoma,  Hodgkin's  disease  and 
leukemic  growth  are  not  infrequent.  Tera- 
tomata  are  rare.  Secondary  growths  are 
common  from  any  neighboring  malignant 
affection. 

The  symptoms  are  those  of  pressure 
rather  than  of  invasion  of  neighboring 
tissues.  Cough  arises  when  a  bronchus  is 
compressed  and  Irritated,  or  the  recurrent 
laryngeal  ner\e  a  fleeted.  Expectoration  is 
less  notable  than  In  the  chest  involvements 
already  considered.  It  may  become  bloody. 
Dyspnea  appears  when  the  trachea  or  the 
bronchial  tree  suffer  from  compression. 
It  is  often  paroxysmal.  In  our  experience, 
terrible  paroxysmal  attacks  of  dyspnea  are 
much  more  characteristic  of  mediastinal 
tumor  and  aneurism  than  of  any  of  the 
other  conditions  we  consider.  The  sudden 
expansion  of  the  aneurism  under  vascular 
stress,  or  of  the  tissues  of  the  mediastinum, 
provokes  even  a  fatal  dyspnea.  One  of  us^ 
saw  with  the  late  Dr.  E.  P.  Hershey,  a 
case  of  gumma,  presumably  arising  from 
the  mediastinal  glands,  and  proved  by 
post-mortem  examination,  which  pulsated 
so  freely  that  we  at  first  belle\'ed  it  to  be 
an  aneurism.  In  a  pregnant  woman  seen 
with  Dr.  H.  R.  McGraw,  death  occurred 
during  labor  from  suffocation,  due  to 
sudden  hemorrhage  into  the  thyroid  gland, 
in  part  of  substernal  situation. 

Phillips  quotes  a  case  of  compression  of 
the  aorta  by  a  mediastinal  tumor,  with 
gangrene  of  the  lower  extremities.  Stridor, 
aphonia,  sympathetic  nerve  disturbances, 
dysphagia,  enlargement  of  veins,  cyanosis, 
localized  edema,  secondary  adenitis,  pupil- 
lary signs,  recurrent  paralysis,  pleural 
etlusion,  and  most  of  the  percussory  and 
auscultatory  signs  already  considered,  may 
be  found.  Certain  signs  are  more  charac- 
teristic of  mediastinal  growth,  especially 
deviation  of  the  trachea,  fixation  of  the 
larynx,  compression  of  the  spinal  cord, 
the  appearance  of  a  palpable  tumor  at 
the  sternal  notch,  marked  dysphagia  and 
great  wasting.  The  deformity  of  the  sternal 
section  of  the  chest  wall  is  common  to 
sarcoma,  aneurism  and  Hodgkin's  disease, 
and  erosion  may  occur  In  any  ot  them,  but 
is  least  likely  in  sarcoma.  The  pain  Is 
generally  less  se\eie  and  "boring"  than  in 
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aneurism.  The  sitting  posture,  as  the 
disease  advances,  leaning  forward  with 
head  perhaps  thrown  baclcward,  is  distress- 
ing even  to  the  observer.  Cachexia  is 
marlced  in  many  cases. 

As  a  rule,  tumors  showing  in  the  anterior 
mediastinum  are  sarcomatous,  those  in  the 
posterior  space  being  commonly  tubercu- 
lous, especially  in  children.  An  invasive 
growth  is  more  likely  to  be  carcinomatous 
than  sarcomatous  In  character. 

The  outline  of  mediastinal  tumors  is 
usually  sharper  than  that  of  growths  in  the 
lung.  Abscess  is  ordinarily  distinguishable 
by  its  etiology,  its  febrile  course,  and  high 
leucocyte  count.  The  needle  may  be 
decisive.  Some  of  the  worst  abscesses  have 
arisen  from  perforation  of  the  esophagus  by 
bones  and  other  foreign  bodies,  or  ha\"e  been 
associated  with  empyema,  being,  in  fact, 
cases  of  mediastinal  empyema.  These  cases 
have  been  more  frequent  since  about  191  ~. 

Dermoid  cyst  can  rarely  be  diagnosed 
unless  shadows  of  teeth  can  be  obtained. 


or,  as  in  a  recent  case  in  St.  Joseph's 
hospital,  sebaceous  material  and  hair  are 
coughed  up.  In  case  of  doubt,  repeated 
.v-ray  examinations  may  show  the  growth 
of  a  malignant  tumor.  The  VVassermann 
test  is  imperative. 

These  cases  are  generally  fatal  in  from 
six  to  tweKe  months.  We  showed  a  case 
of  spindle-celled  sarcoma,  proved  by  his- 
tological examination  of  an  excised  gland, 
in  four  successive  annual  clinics  at  the 
Denver  City  Hospital,  but  such  a  duration 
is  exceptional. 

In  conclusion,  we  should  state  that 
metastasis  of  malignant  tumors  to  the  chest 
is  so  common  that  roentgenological  ex- 
ammation  of  the  thorax  before  operation 
of  such  cases  is  as  necessary  as  the  custom- 
ary palpation  of  the  liver  for  metastatic 
nodules. 

We  ha\e  said  little  of  treatment.  Unless 
the  growth  can  be  checked  in  some  degree 
by  the  use  of  the  x-ray,  we  can  offer  but 
little  hope. 


DIAPHRAGMATIC  HERNIA  OF  THE  STOMACH 

BY    PEDRO   L.    FARINAS,   M.D. 
Roentgenologist  to  the  Calixto  Garcia  Hospital 

HAVANA,    CUBA 


T"^HE  case  here  reported  is  the  only  one 
J-  known  to  me  in  the  Cuban  literature 
which  has  not  only  been  diagnosed,  but 
also  operated  upon  and  cured. 

Male,  aged  twenty-four  years,  referred 
to  me  by  Dr.  Valentin  Diaz  of  Ciego  de 
Avila  for  roentgen-ray  examination  of 
the  alimentary  tract. 

History.  On  February  2,  1918,  he  was 
wounded  in  the  left  thorax  (infraaxillary 
region)  through  the  sixth  intercostal  space. 
He  had  some  cough  and  bloody  expectora- 
tion, but  the  wound  healed  by  first  inten- 
tion, and  two  or  three  months  later  he 
began  to  complain  of  digestive  disturbances 
and  pains  radiating  to  the  shoulder  in  the 
side  wounded.  His  condition  was  getting 
worse;  after  February  4,  192 1,  he  vomited 
very  frequently,  had  hematemesis  and 
melena  and  was  not  able  to  take  any  solid 
food;  as  a  consequence,  he  lost  weight  and 
was  verv  anemic. 


X-ray  Examination.  Fluoroscopy.  There 
was  noted  in  the  left  side  of  the  thorax 
and  above  the  diaphragm  a  light  shadow, 
dark  and  clearly  visible,  which  changed 
with  the  respiratory  movements.  There  was 
no  displacement  of  any  thoracic  organ;  the 
diaphragmatic  movements  were  synchron- 
ous and  somewhat  reduced  in  the  left  side. 

With  the  opaque  meal  it  was  noticed 
that  the  infradiaphragmatic  part  of  the 
esophagus  was  turned  upward  to  the  left. 
The  stomach  began  to  fill  abnormally, 
and  was  constricted  in  the  cardia;  the 
light  shadow  seen  above  the  diaphragm 
was  filled  almost  completely,  and  the 
stomach  appeared  in  two  sections  limited 
by  the  constriction;  one,  supradiaphrag- 
matic, which  was  the  fundus  and  the 
cardia,  and  the  other,  infradiaphragmatic, 
which  was  the  antrum  pylori. 

At  the  end  of  six  hours  the  stomach  was 
nearly  emptied,  and  in  twenty-four  hours 
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the  head  of  the  opaque  meal  was  beyond 
the  splenic  flexure  of  the  colon,  which 
remained  in  the  abdominal  ca\ity. 

Radiography.  Figure  i  shows  an  hour- 
glass form  of  stomach  high  up  in  the  left 
chest;  also  the  diaphragm  dividing  the 
stomach  into  two  portions. 


Fig.  1.  Diaphragmatic  hernia  of  the  stoniacli. 

Figure  2  shows  the  same  stomach  after 
recovery. 

Operation.  Dr.  Felix  Pages,  surgeon  to 
the  Qumta  de  Dependientes,  operated  on 
the  casje  and  furnished  the  following 
information: 

"Our  technique  was  very  simple.  The 
incision  extended  from  the  ensiform  appen- 
dix to  the  umbilicus.  The  opening  through 
the  diaphragm  was  thoroughly  explored 
and  extensive  adhesions  were  found  which 
were  separated.  This  allowed  the  stomach 


to  be  returned  to  the  abdominal  ca\"ity. 
The  hernial  ring  was  sutured  without 
much  difiiculty.  The  air  was  extracted 
from  the  pleural  cavity  by  means  of  a 
puncture  through  the  sixth  intercostal 
space  in  the  axillary  region.  By  the  seventh 
day,  the  patient  was  eating  without  any 


Fig.  2.  Stomach  after  operation. 

trouble  and  a  subsequent  roentgenogram 
showed  the  stomach  occupying  a  normal 
position. 

CONCLUSIONS 

I.  In  some  cases  the  symptoms  cannot 
lead  to  the  diagnosis,  and  the  roentgen-ray 
examination  is  needful. 


2.   It    is    a 
svstematicallv 


good    practice    to    inspect 
the  thorax  in  all  cases  of 


digestive  tract  screen-exammations. 


SACROILIAC  ARTHROSIS  OBLITERANS* 


BY    EDWARD    S.    BLAINE,    M.D. 

Roentgenologist,  National  Pathological  Laboratory;  Consulting  Roentgenologist,  Cook  County  Hospital;  Associate 
Professor  of  Roentgenology,  Northwestern  University  Medical  School 

CHICAGO,    ILLINOIS 


INDIVIDUALS  who  seek  medical  relief 
for  varying  degrees  of  pain  and  dis- 
comfort in  the  lower  back  require  careful 
.v-ray  study,  as  well  as  the  usual  clinical 
in\estigation,  in  the  search  for  the  cause 
ot  the  symptoms  complained  of.  During 
the  routine  examination  of  a  large  series  of 
lower  spine  studies  (approxnnately  i,8oo) 
a  group  of  1 8  was  found  to  present  unusual 
changes  in  the  sacroiliac  jomts.  These  are 
the  subject  of  this  presentation.  In  these 
particular  cases,  the  patients  complain  of 


all  the  patients  in  the  group  under  dis- 
cussion, some  of  whom  have  had  to  dis- 
continue their  regular  work,  particularly 
those  whose  duties  require  them  to  stand 
on  their  feet  or  work  at  a  bench  all  day. 
There  are  clinical  evidences  of  a  more  or 
less  degree  of  spinal  rigidity,  a  considerable 
limitation  of  motion  of  the  lower  back,  and 
a  slight  tenderness,  which  is  fairly  well 
localized  over  the  sacroiliac  joints  and 
lower  lumbar  spme.  In  several  of  the  cases, 
there    is    an    obliteration    of   the    normal 


Fig.  I.  Normal  sacroiliac  joints.  Patient,  male,  aged  twenty-six.  Weight, 
145  lbs.  Presents  average  normal  contour  and  sharp,  smooth, 'regular 
shadows  of  all  articular  surfaces,  with  even  interarticular  distances. 


a  dull  pain,  and  some  soreness  and  stiffness 
of  the  back,  with  an  uncomfortable  feeling 
in  the  lower  spine.  These  more  or  less 
vague  symptoms  in  most  of  the  cases 
came  on  gradually,  and  slowly  increased 
in  degree  during  a  period  of  from  several 
months  to  a  year  or  more.  The  patients 
do  not  recall  any  particular  time  when  the 
symptoms  began.  Injury  to  the  spine  has 
been  ruled  out  in  the  entire  group.  A 
marked   discomfort   is   noticed   by    nearly 


lumbar  curve.  There  is  also  found  a  slight 
to  marked  atrophy  of  the  erector  spinae 
muscles,  sometimes  unilateral,  and  often 
bilateral.  The  discomfort  is  found  to  be 
much  increased  when  the  patient  has  to 
sit  on  a  hard-bottomed  chair  or  similar 
unyielding  seat.  A  jolting  motion  aggra- 
vates the  symptoms.  The  condition  is 
very  slowly  progressive  and  extends  over 
a  long  period  of  time,  with  periods  of 
comparative  recession  of  the  symptoms. 


'  Read  at  the  Twenty-third  Annual  Meeting  ot  The  AMERicAiS  Roentgen  Ray  Societi-,  Los  Angeles,  Calif  .  September  12-16,  1922. 
Discussion  of  this  paper  and  the  others  in  the  same  symposium  will  appear  in  a  subsequent  number  of  the  Journal. 
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No  rise  in  temperature  was  discovered  in 
any  of  the  cases. 

The  x-ray  shadow  manifestations  of 
the  condition  under  discussion  represent 
gross  intrinsic  joint  changes  in  the  sacro- 
iliac synchondroses.  The  majority  of  cases 
are  definitely  bilateral  in  involvement,  but 
some  are  found  to  be  unilateral  sacroiliac 
conditions.  Obviously,  intimate  or  micro- 
scopical changes  cannot  be  demonstrated 
by  the  .%-ray  plate  regardless  of  wealth  of 
shadow  detail  or  excellency  of  stereoscopic 
elfect,  a  fact  which  prevents  conclusions 
being  arrived  at  as  to  the  precise  pathology 
present.  In  se\eral  ol  the  cases  observed, 


A  brief  consideration  of  the  shadow 
appearances  of  the  normal  sacroiliac  joints, 
as  compared  with  the  shadows  of  the 
condition  under  consideration,  will  reveal 
that  the  former  has  a  rather  constant 
appearance  in  average  normal  individuals, 
and  can  easily  be  recognized  as  such  in  prac- 
tically all  cases  which  are  exposed  with 
the  patient  in  supine  position,  and  antero- 
posterior projection  of  the  ray.  In  the 
normal  adult  it  will  be  observed  that  the 
edges  of  the  articular  surfaces  are  well 
defined  and  sharply  bordered  at  anterior 
margins  of  the  joints,  and  the  interarticular 
distances    are    even    throughout    and    of 


Fig.    2.    Patient,    male,    aged    twenty-six, 
complains  of  low-back  pain.  A'-ray  revea 
total  loss  of  articular    surfaces,  fusion  of 
of  low-grade  joint  infection. 

there  have  been  similar  joint  changes  in 
the  lumbar  and  dorsal  joints,  but  this 
exposition  concerns  those  cases  in  which 
the  sacroiliac  lesions  are  the  most  striking 
features. 

The  essential  alteration  is  found  to  be  a 
combination  of  destructive  and  construc- 
tive changes,  sometimes  both  being  present 
simultaneously.  The  .\-ray  features  seem 
to  indicate  to  the  essayist  a  very  low-grade 
type  of  joint  infection  of  marked  chronic- 
ity.  Some  of  the  cases  present  shadows  that 
apparently  indicate  active  changes,  while 
in  others  the  shadows  api)ear  to  indicate 
inacti\e  or  healed  stages  of  a  joint  disease. 


No  direct  history  of  sacroiliac  disease; 
Is  bilateral  obliteration  of  sacroiliac  joints, 
sacrum  with  both  ilia,  evidently  the  result 

uniform  degree  of  shadow.  Both  the 
sacral  and  the  iliac  surfaces  follow  each 
other  from  upper  to  lower  margins  of  the 
joint.  This  joint  is  peculiar  in  its  anatomy, 
in  that  its  general  direction  extends  from 
behind,  forward  and  outward,  varying  in 
degree  of  angle  with  the  build  and  sex  of 
patient.  The  anterior  joint  line,  in  general, 
is  from  above  downward,  parallel  to  the 
vertical  axis  of  the  bodw  The  line  of  articul- 
ation is  usually  curved  outwards,  the  upper 
and  lower  points  being  approximately 
equidistant  from  the  median  line.  The 
posterior  articular  edges  of  the  loint  are 
seen   mainly   in   its   lower  half,  the  upper 
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portion  failing  to  give  a  definite  joint-line  the  sharpness  of  the  joint  edges,  these 
shadow  in  most  cases,  because  this  portion  appearing  to  be  somewhat  hazy  in  shadow 
is  more  nearly  at  right  angles  to  the  line     detail.  This  may  be  said  to  be  due  to  local- 


FiG.  3.  Patient,  male,  aged  twenty-nine.  Complains  of  stiff  back.  No  history  Jof 
localized  joint  infection.  A'-iay  rexeals  bilateral  total  loss  ol  articular  surfaces  and 
resulting  synarthrosis.  This  is  a  frequent  sequence  ol  a  joint  infection  in  which  destruc- 
tion of  articular  surfaces  and  interarticular  structures  occurs. 


of  .v-ray;  that  is,  it  faces  anteriorly,  and 
thus  no  shadow  of  its  surface  is  obtained. 


ized  edema   and   swel 
surface  tissues  as  well 


ing  of   the  articular 
as  the  mterarticular 


Fig.  4.  Patient,  male,  aged  twenty-three.  Complains  of  pains  in  back;  indefinite  and 
not  localized.  A'-ray  reveals  complete  loss  of  both  sacroiliac  joints  (total  obliteration); 
sacrum  and  b<ith  ilia  are  one  bony  unit.  The  changes  represent  a  previous  joint 
mfection  m  which  a  destructive  process  occurred. 

An   early  disease  in   the   joint   may   be     cartilages,  which  cause  the  loss  of  sharp 
deduced    by    a    comparative    decrease    in     shadow    detail    through    "scattering."    A 
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further  advance  of  disease  in  the  joint  is     bony  erosion  seen  to  invade  deeply   into 
manifested  bv  shadows  which  indicate  an     the    underlving    cancelhjus    bone.    A  still 


Fig.  5.  Patient,  male,  aged  twenty-seven.  Complains  of  "dull  pain  in  lower  spine"; 
.    came  on   gradually  during  one  and  a   half  years.  No  history  of  sacroiliac  disease. 

X-ray  reveals  bilateral  obliteration  of  sacroiliac  synchondroses,   the  destruction  of 

articular  surfaces,  undoubtedly  the  result  of  a  joint  infection. 

erosion  of  the  articular  surface  edges,  which      further  ad\'ance  is  shown   by   a   material 
normally    are    uniform    throughout,     the     decrease    in    the    interarticular    distance 


I'M..  t>.  P.ftirnt,  111. lie,  aged  tlilrt\-"nr.  \'ague  hist(u\  ot  pain  and  di>c<inilnrt  m  back. 
No  nijur\  or  [jalhology  of  sacroiliac  region.  A-ray  reveals  complete  loss  t)t  botli 
sacroiliac  joints,  usual  shadow  evidences  of  destructive  joint  process  and  infection  of 
articular  surlaces. 

interarticular  distance   now   being  appar-     between  the  sacrum  and  ilium  as  the  two 
ently  increased.   In   no   instance  was  the     opposing   surfaces    approach   each    other, 
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because  of  loss,  through  absorption,  of  the 
intervening  cartilage  whicli  has  been  sof- 
tened through  disease  and  which  eventually 
disappears,  thus  permitting  the  two  bones 
to  come  into  direct  contact  with  each 
other.  At  this  stage,  the  joint  condition 
is  easily  demonstrated  by  the  .v-ray  shad- 
ows. An  advanced  case  will  reveal  a  total 
obHteration  of  the  in\'olved  joint,  a  syn- 
arthrosis resulting,  the  two  contiguous 
bones  fusing  into  a  single  bone,  in  uni- 
lateral cases,  while  in  bilateral  involve- 
ment, the  three  bones  join  to  form  one 
single  bony   unit.  In  certain  of  the  cases, 


which  are  regarded  as  characteristic  of 
osteoarthritis  hypertrophica.  In  fact,  the 
early  stages  of  this  condition  are  quite  like 
an  ordinary  low-grade  arthritic  infection, 
and  therefore  cannot  be  distinguished  or 
differentiated  from  it.  The  latter  stages 
ot  this  )omt  condition  have  a  surprising 
similarity  to  the  shadows  that  often  are 
found  in  so-called   "typhoid  spine." 

As  every  effect  has  a  cause,  one  seeks  to 
determme  the  reason  for  this  particular 
sequence  of  joint  change.  The  .\-ray  shad- 
ows do  not  establish  just  what  this  is; 
whether    any    particular    microorganism, 


Fig.  7.  P;itifnt,  male,  aged  twenty-eight.  Complains  of  stiff  back,  no  symptoms 
directly  relcrable  to  sacroiliac  region.  No  injury.  Jf-ray  reveals  complete  loss  of 
both  sacroihac  synchondroses.  Sacrum  and  both  ilia  are  fused  into  one  bony  unit. 
The  shadows  represent  healed  (?)  stage  of  joint  infection  of  articular  surfaces  and 
joint  cartilages,  synovia,  etc. 


a  reparative  process  is  conclusively  estab- 
lished by  shadows  that  represent  a  distinct 
hypertrophy  of  bone  developing  around 
the  obliterated  joint,  and  often  extending 
into  the  soft  tissues  in  the  immediate 
neighborhood.  It  is  a  question  whether  to 
regard  this  hypertrophy  as  part  of  the 
sacroiliac  lesion,  or  a  manifestation  of  a 
concomitant  hypertrophic  osteoarthritis. 
This  increased  bone  seemingly  is  an 
attempt  on  the  part  of  nature  to  assist  to 
immobilize  the  joint  by  an  auto-splinting, 
as  it  were. 

Viewed    in    certain    aspects,    the    early 
changes  are  not  dissimilar  to  some  changes 


to.xin  or  other  irritative  material  is  the 
cause  has  not  been  determined.  One  of  the 
most  striking  features  noticed  is  the  fact 
that  all  the  indi\iduals  in  this  group  of 
cases  are  under  thirty  years  of  age,  se^'eral 
being  less  than  twent\-ii\'e  years  old. 

DIFFERENTLAL    .Y-R.AY    DIAGNOSIS 

Viewing  these  cases  from  the  standpoint 
of  differential  .v-raj'  diagnosis,  one  will 
consider: 

1.  Typhoid  arthritis. 

2.  Septic  arthritis. 

3.  Chronic    hypertrophic   osteoarthritis. 

4.  Tuberculous  arthritis. 
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The  shadows  found  in  so-caUed  "typhoid 
spine"  or  typhoid  arthritis  present  no 
essential  diflerences  from  those  observed  in 
this  series  of  cases,  particularly  in  the 
latter  stages.  There  is  the  same  joint 
destruction  and  disappearance  of  inter- 
articular  cartilage,  and  at  times  a  repara- 
tive process  around  the  joint.  The  history, 
therefore,  is  an  important  point,  and  will 
greatly  assist  in  the  study.  No  history  of 
clinical  typhoid  fever  was  found  in  any  of 
the  cases  of  this  series. 

In  septic  arthritis,  the  amount  of  joint 
change  usually  depends  on  the  Mrulence  of 
the  invading  microorganism  and,  if  severe, 
will  result  in  a  complete  joint  obliteration, 
or  synarthrosis.  I  have  seen  similar  joint 
disappearances  follow  in  a  case  of  puerperal 
sepsis,  the  infection  ha\ing  reached  e\ery 
joint  below  the  dorsal  spine,  without 
exception. 

In  cases  of  chronic  hypertrophic  osteo- 
arthritis, there  is  little  or  no  destructive 
change  of  the  internal  joint  structures,  and 
this  disease  is  essentially  a  matter  of  bone- 
tissue  increase  at  the  edges  of  articular 
surfaces.  The  joint  immobilization  is  pres- 
ent only  in  the  extreme  type  of  this  condi- 
tion, namely,  arthritis  deformans.  Here, 
too,  the  articular  surfaces  present  much 
less  change,  and  the  alteration  is  not  that 


of  erosion  with  absorption  or  disappearance 
of  the  articular  surfaces,  as  is  the  case  in  the 
arthropathy  here  presented.  Then,  too,  the 
changes  in  chronic  hypertrophic  osteo- 
arthritis occur  in  many  of  the  joints 
simultaneously,  though  not  always  in  the 
same  degree;  whereas,  in  the  condition 
under  discussion,  they  involve  usually  but 
one  or  two  joints.  Chronic  arthritis  is 
seldom  found  in  individuals  under  thirty- 
five  to  forty  years  of  age;  while  our  cases 
are  all  in  the  third  decade,  that  is,  between 
twenty  and  thirty. 

Tuberculous  arthritis  of  the  sacroiliac 
joints  is  seldom  bilateral,  and  it  also 
diflers  from  the  changes  here  described  in 
that  there  is  a  rather  extensive  softening  of 
the  cancellous  bone  tissue  in  the  bones  sur- 
rounding the  involved  joint,  and  there  is 
usually  a  far  greater  destruction  of  bone 
than  has  been  observed  in  the  cases  under 
study.  The  end  result  of  a  healed  joint 
tuberculosis  often  is  a  synarthrosis,  but 
there  is  much  more  alteration  in  the  joint 
relations  of  the  bones  than  is  the  case  here. 

Further  investigation  as  to  the  etiology 
is  in  progress,  and  it  is  hoped  that  this  pre- 
liminary study  on  sacroiliac  joint  oblitera- 
tion may  be  followed  by  one  in  which  a 
more  definite  cause  can  be  presented  to 
explain  this  unusual  arthropathy. 


THE  VALUE  OF  GRANT'S  PINS  IN  THE  OPEN   TREAT- 
MENT OF  FRACTURES  AS  SEEN 
ROENTGENOLOGIC  ALLY* 

BV   D.   Y.    KEITH,    M.D.,    AND  J.   PAUL    KEITH,    M.D. 


DESCRIPTION 

PHE  gimlet  device  (Fig.   i)  consists 


of 


1-  a  shaft  made  from  an  ordinary  wood 
screw  5  to  lo  cm.  in  length  and  2  to  3  mm. 
in  diameter  on  which  a  handle  is  firmly 
fitted  at  right  angles.  The  handles  are  5  to  8 
cm.  in  length  and  i  to  2  cm.  in  breadth. 

A  narrow  slit  in  each  handle  allows  of 
secure  locking  together  by  a  screw  and  tap. 
The  screws  are  placed  3  to  4  cm.  from  the 
line  of  fracture,  one  screw  to  each  fragment. 


Fig. 


i.  Sliows  Grant's  gimlets  in  twu  directions, 
ing  screws  and  slots  in  which  they  fasten. 


The    handles    are    then    overlapped 
firmly    locked    with    the    screw    and 
The  gimlets  are  made  in  several  sizes,  to 
accommodate  the  smallest  forearm  or  the 
largest  femur. 

HISTORY 

Grant's  gimlets  were  first  used  by  the 
late  Dr.  H.  H.  Grant  in  191 5,  and  a  report 
of  8  cases  so  treated  was  made  in  191",  in 
which  he  obtained  good  results.  Since 
then,  several  scores  of  cases  have  been 
treated  in  our  local  hospitals  by  numerous 
operators,   some   of  whom   do   very   little 


LOUISVILLE,  KENTUCKY 

Practical  Surgical  Puirits.  The  most 
important  point  is  that  the  screws  should 
go  through  the  medullary  canal  and  enter 
the  opposite  side  of  the  shaft.  Another 
point  is  to  have  the  screws  made  of  better 
metal  than  an  ordinary  wood  screw; 
otherwise,  the  tip  of  the  screw-  may  break 
off  in  the  bone.  The  juncture  of  the  screw 
shaft  to  the  handle  should  be  heavy, 
forming  a  square  shoulder  to  prevent 
rocking  of  the  gimlets.  The  drill-holes 
should  be  of  the  same  size  as  the  gimlets. 

In  all  the  cases  which  we  have  seen,  the 
reductions  have  been  very  good,  the 
approximation  perfect  in  many  of  them, 
though  it  was  the  operator's  first  use  ot 
gimlets.  If  the  reduction  is  so  good  in 
inexperienced  hands,  it  must  be  very  easy 
to  do.  In  the  hands  of  a  real  general 
surgeon,  the  approximation  has  been  excel- 
lent. To  our  knowledge,  no  amputation 
has  been  necessary,  following  the  use  of 
the  gimlets. 

This,  we  believe,  is  a  better  record  than 
has  been  achieved  with  the  use  of  Lane's 
plates  or  any  other  open  operation.  Had 
any  of  you  observed  the  many  perfect 
reductions  we  have  seen  in  badly  dis- 
placed fractures,  some  of  them  compound, 
with  restored  function  free  from  infections, 
we  believe  you  would  feel  it  your  duty  to 
suggest  a  trial  of  this  method  to  your 
surgeons  in  your  next  case  in  which  they 
have  failed  by  traction,  manipulation,  etc., 
under  general  anesthesia,  to  reduce  a 
displacecl   fracture   of  some  of  the   larger 


show- 


and 
tap. 


surgery. 

*  Read  at  the  Twenty-third  .Annual  Meeting  of  The  Americ.^m  Roentgen  Ray  Society.  Los  Angeles,  Calif.,  Sept.  12 

195 


long  bones. 

In  the  young  or  muscular  individual, 
fractures  of  the  surgical  neck  ot  the 
humerus,  and  transverse  fractures  in  the 
middle  portion  of  the  humerus  where  there 
is  marked  displacement  prove  irreducible 
by  the  closed  method.  You  have  all  seen 
these  cases  return  two  or  three  times  for 
re-examination,  with  increase  in  the  over- 
lapping or  displacement  and  sometimes 
both,    after   much   time   had   been   spent 

6,  1922. 
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under  anesthesia  in  attempt  at  reduction. 
All  experienced  surgeons  and  roentgen- 
ologists recognize  the  impossibility  of  satis- 
factory reduction  in  these  cases  by  the 
closed  method,  but  invariably  recommend 
at  least  one  attempt  under  anesthesia. 

All  of  you  recognize  as  irreducible  by 
any  closed  method,  transverse  fractures 
of  the  femur  at  the  junction  of  the  upper 
and  the  middle  thirds,  in  the  central 
portion  of  the  bone,  or  a  few  inches  above 
the  knee-joint  when  there  is  a  few  centi- 
meters' separation  of  the  fragments  by 
intervening  muscle  and  fascia.  Many  of 
these   cases    have   such    a    thick    piece    ot 


Fig.  2.  Fracture  of  the  surgical  neck  of  the  liumerus, 
with  axillary  displacement  of  the  upper  end  of  the 
lower  fragment  and  rotation  of  the  head. 

muscle  and  fascia  interposing  that  it  is 
impossible  to  obtain  true  crepitus. 

This  is  the  type  of  fracture  in  which  we 
see  non-union  or  delayed  union,  as  it  is 
impossible  for  callous  union  of  the  frag- 
ments to  occur  until  there  has  been  a 
perforation  of  the  impinged  muscle  and 
fascia.  We  feel  that,  in  this  type  of  frac- 
ture, our  responsibility  in  Interpretation 
is  to  Insist  upon  an  open  gimlet  operation 
as  the  safer  and  surer  method,  involving 
very  much  less  trauma  to  the  Impinged 
soft  tissue.  Trauma  means  devitalized 
tissue,  which  in\ites  Infection. 

We  have  seen  but  one  or  two  closed 
reductions  in  the  true  transverse  type  of 
fracture  of  the  femur  in  any  of  the  above 
locations.  One  of  these  showed  on  the 
roentgen  film  a  perfect  reduction,  made 
after  the  application  of  plaster  of  Paris, 


that  later  slipped,  giving  a  poor  result, 
with  much  chagrin  to  the  attending  sur- 
geon. The  etFicIency  In  maintaining  fixation 
Is  one  of  the  gimlet's  great  assets.  We  all 
know  how  very  little  force  it  requires  to 
hold  a  fracture  In  alignment,  in  any  open 
method,  yet  how  a  little  movement  can 
easily  displace  It. 

Roentgenologically,  we  can  recognize 
the  fractures  In  the  central  portion  of  the 
humerus,    femur,   etc.,   in   which   the  soft 


Fig.  3.  Buck's  extension  with  the  arm  at  right  angles 
to  the  shoulder. 


Structure  between  the  fragments  prevents 
reduction  by  any  closed  method.  If  we 
have  an  ideal,  or  at  least,  a  satisfactory 
open  method  that  can  be  conscientiously 
recommended,  may  we  not  insist  upon  Its 
application?  As  roentgenologists  we  can 
serve  many  more  people  than  several 
surgeons,  as  our  opportunity  for  seeing  a 
great  number  of  fractures  surpasses  that 
of  any  surgeon. 

It  has  been  our  good  fortune  to  assist 
in  a  great  number  of  gimlet  operations,  to 
see  the  real  conditions  present  and  the  ease 
with  ^\hich  they  are  secured  after  reduc- 
tion has  been  accomplished,  as  well  as  their 
efficiency  in  maintaining  reduction. 

It  is  needless  to  say,  rigid  aseptic 
technique  is  required  as  In  any  bone  sur- 
gery. \\  hen  this  has  been  obtained  we 
ha\e  yet  to  see  an  infection  occur  follow- 
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ot    the    gimlets 


in 


simple 


ing    the    use 
fractures. 

In  many  of  the  compound  fractures 
where  an  early  operation  was  done,  infec- 
tion   has    not    appeared.    The    remo\al    of 


w'as  upward,  the  arm  being  extended 
(Fig.  5).  At  each  attempt  at  reduction  the 
position  of  the  fragments  was  not  im- 
pro\ed,  but  showed  greater  angulation  as 
well  as  overlapping. 


Fig.  4.  Third  attempt  with  Buck's  extension  with  arm 
upward. 

blood-clots  and  devitalized  tissue  pre\ents 
Infection,  and  the  screws  certainly  pro- 
mote drainage. 

Two  case  reports  with  slides  will  suffice 
to  show  the  advantages  of  the  method,  as 
well  as  the  fruitless  attempts  at  reduction 
of  certain  fractures  by  the  closed  method. 

Case  I.  Male,  aged  thirty-two.  Re- 
ceived a  fracture  of  the  surgical  neck  of  the 
humerus  when  his  automobile  w-as  over- 
turned. A  diagnosis  of  dislocation  of  the 
shoulder  was  made  and  reduction  per- 
formed and  verified  by  fluoroscopic  exami- 
nation by  a  near  by  mining-camp  surgeon. 
Not  being  thoroughly  satisfied,  the  patient 
came  to  us  ten  days  after  the  injury  and, 
on  roentgen  stereoscopic  film  examination, 
we  found  a  transverse  fracture  of  the 
surgical  neck  of  the  left  humerus  with  dis- 
placement of  the  upper  end  of  the  lower 
fragment  upward  and  inward  to  the 
axilla.  The  upper  fragment  was  rotated 
outw-ard  and  upward  (Fig.  2). 

Reduction  was  attempted  by  using  a 
Buck's  extension  first  in  a  downward  and 
outward  direction  (Fig.  3)  then  in  an  out- 
ward direction  nearly  at  right  angles  to  the 
shoulder-joint  (Fig.  4).  The  third  attempt 


Fig.  5.  Perfect  reduction  with  Grant's  gimlets  in  silu. 


An  open  operation  was  performed  three 
weeks  after  injury  by  Drs.  E.  S.  Allen  and 
W.  E.  Fallis,  and  it  was  difficult  to  separate 
the  fragments  on  account  of  so  much  callus. 
Reduction  was  finally  obtained  and  main- 
tained bv  gimlets  (Fig.  6). 


Fig.  6.   Final   result.   Note  the  moderate  amount  of 
callus  and  very  little  bone  atrophy. 

Nearly  complete  function  was  present  in 
two  months'  time  with  all  the  movement 
of  the  shoulder-joint  except  extreme  exten- 
sion. Roentgenograms  since  then  (Fig.  7) 
show  very  little  bone  atrophy  or  change  in 
the  periosteum   at  the  site  of  the  gimlet 
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Fig.  7.  Transverse  fracture  of  the  lemur.  Central  por- 
tion after  three  attempts  at  reduction  by  closed 
method  with  and  without  anesthesia. 


Fig.  8.  Same  as  Figure  7  after  fixation  with  Grant's 
gimlets  by  open  method. 


Fig.  9.  Shiiws  (liuiiiU  tr,ins\frso 
fracture  of  the  lemur,  nxeived 
horse. 


oblique    eoinpoLuid 
bv    a    kick    from    :\ 


\'n..  10.  Same  as  Figure  (>  alu-r  u-duction  with  Grant's 
gimlets,  and  with  rubber  tubes  inserted  for  drainage. 
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Fig.    II.    Sliows    tiausverse   oblique    fraeturr    iit'   both 
bones  of  the  leg  with  marked  displacement. 

implantation.  The  patient  has  complete 
restoration  of  function. 

Case  II.  Male,  aged  seventeen.  Re- 
ceived a  transverse  fracture  of  the  right 
femur  at  the  middle  and  upper  third  with 
displacement,  2  in.  overlappmg,  and  angu- 
lation at  the  site  of  the  fracture.  The  first 
reduction  was  attempted  under  general 
anesthesia,  using  a  Hawley  table.  The 
second  attempt  was  with  a  Buck's  exten- 
sion with  roentgen-ray  examination  in  bed. 
The  third  attempt  was  with  the  leg  in  a 
double  inclined  plane  with  Buck's  exten- 
sion; displacement,  angulation  and  over- 
riding were  not  improxed  (Fig.  8). 

Perfect  reduction  was  obtained  and 
maintained  by  the  open  method  and  the 
use  of  Grant's  gimlets  (Fig.  9). 

The  chief  advantages  of  this  method  of 
open  operation  are: 

1.  The  ease  of  application;  the  line  of 
fracture  need  not  be  touched. 

2.  So  little  manipulation  is  required  that 
the  possibilities  of  infection  are  greatly 
reduced. 

3.  The  gimlets  are  an  aid  in,  and  are 
efficient  in  maintaining,  reduction. 

4.  External  control  of  internal  con- 
ditions. 


I  R,.   12.  Same  as  Figure  ii  after  fixation  with  Grant's 
gimlets. 

5.  Ease     of     remoxal;     no     anesthetic 
required. 

6.  No  trauma  in  removal,  with  freedom 
from  infection. 


Fig.  13.  Sliows  forearm  five  years  after  fixation  with 
Grant's  gimlets  for  a  transverse  fracture  of  both 
bones  of  the  forearm. 


7.  Can    be    used    early    in    compound 
fractures. 
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DISCUSSION 

Dr.  Davis.  I  would  like  to  know  if  Dr. 
Keith  puts  extension  on  when  these  pins  are 
put  in;  and  if  you  can  get  enough  extension  to 
bring  tiic  bone  ends  together,  why  is  it  nec- 
essary then  to  put  the  pins  in? 

It  has  been  my  observation  where  we  have 
put  pins  in,  for  example,  tinough  the  os  caicis 
and  fractures  low  down  in  the  tibia  and  filsula, 
it  is  not  infrequent  to  get  infection.  We  do  get 
infections,  and  if  we  can  get  enough  extension 
down  on  the  long  bones,  would  it  not  I^e  well  to 
keep  it  there  with  the  extension  rather  than 
put  in  a  foreign  body?  I  would  like  to  know  if 
Dr.  Keith  has  had  any  difficulty  or 
complications. 

I  have  had  occasion  to  see  quite  a  few  frac- 
tures and  my  experience  is  that  the  more 
operative  bone  work  I  do  the  greater  the 
number  of  complications.  I  would  like  to  know 
how  Dr.  Keith  gets  the  lower  end  of  the  femur 
back  into  place  when  he  puts  these  pins  in.  It 
seems  to  me  that  if  we  could  get  the  fracture  into 
position  by  extension  and  put  the  patient  in  a 
modified  Thomas  splint,  that  it  would  hold  it 
there  without  pins.  I  would  like  to  know  if  he 
has  had  any  complications  in  regard  to  the 
use  of  pins. 

Dr.  LeWald.  Dr.  Keith  talked  this  over 
with  me  and  I  was  interested  in  the  subject. 

In  the  use  of  the  Steinman  pin  or  traction 
by  means  of  tongs,  the  danger  of  a  bone 
operation  is  much  less  because  it  is  a  simple 
incision  through  the  skin,  and  in  my  experience 
I  have  seen  results  just  as  good  as  from  this 
method  Dr.  Keith  has  illustrated.  As  seen  in 
his  illustrations  in  the  upper  extremity  where 
one  cannot  use  this  tong  method  to  advantage, 
I  think  the  results  as  shown  are  certainly  verj' 
remarkable,  and  the  method  must  have  its 
use  in  that  type  of  case,  but  I  think  that  in  the 


lower  extremity  regions  a  more  simple  pin  or 
tong  application  is  sufficient. 

Dr.  Childs.  In  the  very  extensive  field 
that  is  occupied  now  by  x-ray  diagnosis,  it 
seems  to  me  that  the  field  of  fractures  has  been 
somewhat  ONerlooked  in  its  importance  as 
Dr.  Keith  has  mentioned. 

I  am  not  familiar  with  the  Grant  pins  but 
have  had  an  opportunity  to  examine  by  the 
A'-ray  the  end  results  obtained  in  fractures 
after  their  reduction  by  the  Freeman  modifica- 
tion of  the  Parkhill  clamp. 

This  modified  clamp  works  on  somewhat  the 
same  principle  as  the  Grant  pins,  and  can  be 
used  for  the  reduction  of  the  fracture  by  the 
open  method  under  direct  inspection  as  de- 
scribed by  Doctor  Keith.  In  certain  cases  the 
fracture  is  not  exposed,  as  a  small  incision  above 
the  fracture  permits  one  screw  to  be  inserted 
into  the  bone  and  through  a  similar  incision 
below  the  fracture  another  screw  is  inserted, 
and  when  the  clamp  is  attached  to  these 
screws  sufficient  extension  can  be  obtained  to 
adjust  the  fracture  into  satisfactory  alignment. 

I  think  Dr.  Keith  is  entitled  to  the  thanks  of 
this  society  for  calling  our  attention  to  the 
efficiency  of  the  Grant  pins  in  the  reduction  of 
fractures  requiring  an  open  operation. 

Dr.  Keith  (closing).  The  type  of  fracture 
in  which  this  method  is  indicated  is  the  case 
that  has  been  manipulated  two  or  three  times 
and  is  still  in  the  same  shape  or  in  worse  shape 
than  before  manipulaiton  was  started.  The  type 
of  fracture  we  show  has  been,  in  our  experience, 
irreducible.  Why  not  as  roentgenologists  rec- 
ognize irreducible  fractures  and  save  the  patient 
two  or  three  anesthetics  and  much  trauma? 

We  ha\e  seen  se\'eral  cases  treated  by  the 
tong  method  and  but  few  if  any  are  infected. 
There  isn't  much  danger  of  infection  in  the 
tong  or  Grant's  gimlet  operation  if  you  have  a 
real  surgeon  w  ho  knows  bone  technique. 


THE  EFFECT  OF 
CERTAIN 


SMALL  DOSES  OF  ROENTGEN  RAYS  IN 
FORMS  OF  IMPAIRED  HEARING* 

BY    D.    C.    JARVIS,    M.D. 

BARRE,    VERMONT 


DURING  the  summer  of  192 1,  a  patient 
about  forty  years  of  age  was  treated 
by  means  of  the  roentgen  rays  for  an  en- 
larged lingual  tonsil  by  Witherbee's  tech- 
nique, namely,  a  --inch  gap,  5  ma.,  lo-inch 
distance,  but  using  two  minutes'  treatment 
time,  as  it  was  the  first  treatment.  The 
rays  were  fdtered  through  3  mm.  of  alumi- 
num. By  means  of  lead  foil,  other  areas 
were  blocked  otT  ex'cept  that  o\'erlying  the 
lingual  tonsil.  One  week  later,  the  patient 
reported  at  the  office,  and  volunteered  the 
information  that  the  right  ear,  which  had 
been  "stuffy"  for  ten  years,  was  clear,  and 
that  hearing  was  improved.  No  great 
importance  was  attached  to  the  statement, 
but  one  month  later,  having  a  patient  who 
had  appeared  at  varying  inter\'als  at  the 
office  for  inflation  of  both  ears  by  means 
of  the  Eustachian  catheter,  and  not 
succeeding  readily  in  restoring  the  hearing 
by  means  of  the  usual  inflations,  a  trial  of 
the  roentgen  rays  was  suggested,  the  area 
exposed  for  treatment  being  that  recom- 
mended by  Witherbee  in  treating  tonsils. 
His  technique  with  a  two-minute  treatment 
time  was  used,  exposure  being  made  from 
each  side  of  the  throat  as  if  both  tonsils  were 
being  treated.  Two  days  later,  the  patient, 
who  was  the  proprietor  of  a  small  general 
store  in  an  adjoining  town,  returned  to  the 
office  stating  that  his  hearing  was  restored, 
the  sensation  of  stufliness  in  his  ears  was 
relieved,  and  that  he  experienced  no  difll- 
culty  in  hearing  while  waiting  on  customers. 
From  this  statement,  interest  was  aroused 
in  this  subject.  Outside  of  the  use  of  roent- 
gen rays,  my  practice  is  limited  to  eye,  ear, 
nose  and  throat;  hence  any  agent  that 
would  improve  hearing  commanded  my 
attention.  As  cases  were  treated,  it  became 
apparent  that  all  patients  complaining  of 
impaired  hearing  were  not  improved.  It 
was  soon  realized  that  the  treatment  was 
applicable  only  to  certain  types  of  patients, 
and  an  effort  was  made  to  discover  the 
type  of  patient  in  whom  the  use  of  the  roent- 
gen rays  would  produce  results. 

There  seem  to  be  three  classes  of  individ- 


uals complaining  of  impaired  hearing. 
The  first  class  includes  children  and  young 
adults  whose  impaired  hearing  is  so  often 
explained  by  the  presence  of  a  mass  of  ade- 
noid tissue  in  the  nasopharynx.  The  second 
class  includes  individuals  between  the  ages 
of  twenty-five  and  fifty,  who  seem  to  be 
subject  to  frequent  head  colds,  complain 
of  a  more  or  less  constant  catarrhal 
discharge  from  the  throat,  and  at  frequent 
intervals  a  stuffiness  in  the  ears  with  an 
accompanying  impairment  of  hearing.  This 
type  of  patient  appears  at  one's  office  at 
varying  intervals  for  ear  inflations,  and 
often  emphasizes  the  annoyance  occasioned 
by  head  noises.  The  third  class  includes 
those  who  are  advanced  in  years,  and  whose 
outstanding  symptom  seems  to  be  impaired 
hearing  with  or  without  the  accompanying 
head  noises,  less  emphasis  being  placed  on 
the  throat  symptoms.  As  one  considers 
these  three  classes,  the  outstanding  feature 
of  the  first  is  obstruction  to  nasal  respira- 
tion, of  the  second,  the  throat  symptoms, 
and  of  the  third,  simply  impaired  hearing. 
As  observations  were  continued,  it  was 
noticed  that  the  type  of  patient  represented 
by  class  two,  that  is,  the  indi\idual  in 
whom  the  throat  symptoms  were  usually  a 
prominent  part  of  the  clinical  picture, 
responded  best  to  the  use  of  the  roentgen 
rays.  A  study  of  these  indi\iduals  disclosed 
the  fact  that  the  inferior  and  middle  turbi- 
nates were  often  increased  in  size,  that  there 
were  present  lymphoid  nodules  on  the 
posterior  pharyngeal  wall,  and  often  a 
prominent  band  of  lymphoid  tissue  running 
up  either  side  of  the  pharynx  just  posterior 
to  the  posterior  tonsillar  pillar.  A  study  of 
the  lymphoid  tissue  present  in  the  throat 
folIoNving  the  use  of  the  roentgen  rays 
showed  that  in  forty-eight  hours  it  markedly 
decreased  in  size  and  redness,  and  with  it 
the  catarrhal  discharge  from  the  throat.  It 
was  concluded  that  the  results  obtained 
were  due  to  the  effect  of  the  roentgen  rays 
on  lymphoid  tissue.  In  one  patient  who  was 
timid  about  the  use  of  the  roentgen  rays 
an  exposure  of  thirty  seconds  was  given. 


•  Read  by  title  at  the  Twenty-third  .\nnual  Meeting  of  the  AmericAN  Roentgen  Ray  Society.  Los  Angeles.  Calif..  Sept.  12-16, 1922. 
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producing  the  same  results  as  with  the  two- 
minute  exposure.  As  a  result  of  this  experi- 
ence, various  exposure  periods  were  tried 
out,  and  at  present  one  minute  is  being  used. 
It  hardly  seems  possible  that  lymphoid  tissue 
can  be  influenced  by  a  treatment  of  such 
short  duration.  The  work  of  Witherbee.  in 
which  he  and  his  colleagues  report  the 
results  of  bacterial  studies,  and  the  recent 
work  by  Hickey  on  diphtheria  carriers 
cause  one  to  lean  towards  the  theory  of  the 
germicidal  eflect  of  small  doses  of  the 
roentgen  rays.  For  some  time  we  have  been 
familiar  with  the  effect  on  the  ears  and 
throat  of  the  cleaning  up  of  a  bad  dental 
condition,  and  also  the  improvement  in 
hearing  following  the  removal  of  septic 
tonsils.  In  these  two  instances  we  have 
believed  we  removed  the  source  of  infection. 

There  is  another  effect  of  the  use  of  small 
doses  of  the  roentgen  rays,  and  that  is  its 
effect  on  head  noises.  In  the  type  of  patient 
represented  by  class  two,  the  treatments 
so  far  have  not  failed  to  give  relief,  and  if 
no  other  results  than  the  relief  of  tinnitus 
aurium  were  accomplished,  the  employ- 
ment of  the  roentgen  rays  would  be  well 
worth  while.  Where  head  noises  occur  in 
the  elderly  type  of  patient  represented  by 
class  three,  their  relief  does  not  seem 
to  be  so  often  accomplished.  I  am  unable  to 
explain  why,  except  that  the  throat  ele- 
ment of  the  case  is  not  so  prominent.  In 
the  recent  cjuestionnaire  sent  out  by  the 
president  elect,  asking,  among  other  ques- 
tions, for  information  on  the  treatment  of 
deafness  by  means  of  the  roentgen  rays, 
suggestion  was  made  that  the  effect  of  the 
rays  was  on  one  of  the  endocrine  glands.  It 
almost  seems  as  if  the  work  of  Witherbee 
and  Hickey,  plus  the  blocking  off  of  the 
gland  area  by  lead  foil  and  the  use  of  a 
treatment  cone,  pointed  to  an  effect  on  the 
bacterial  content  of  the  throat  rather  than 
on  the  gland.  In  closing,  one  case  will  be 
reported,  as  illustrating  what  may  be  ex- 
pected from  the  use  of  small  doses  of  roent- 
gen rays  in  aural  disease. 

Female,  aged  forty-four.  The  oliice  re- 
cord shows  that  the  patient  has  been  coming 
for  ear  inflations  at  frequent  intervals  since 
December,  1912.  At  this  time,  she  stated 
that  hearing  had  been  impaired  in  the 
right  ear  for  liftcen  vears,  and  that  the  left 


ear  developed  impaired  hearing  a  few  weeks 
previous  to  her  first  visit.  As  the  dates  of 
office  \isits  are  scanned,  it  is  noticed  that 
springtime  represents  the  time  of  most 
frequent  inflations  of  ears.  This  year  (1922) 
she  appeared  at  the  office  in  February  for 
a  course  of  ear  inflations,  and  the  use  of  the 
roentgen  rays  was  suggested.  Four  treat- 
ments were  given:  on  Monday  and 
Wednesday  of  the  first  week,  and  on 
Monday  and  Friday  of  the  second  week, 
the  time  being  one  minute  for  each  side. 
Head  noises,  catarrhal  discharge  from  the 
throat  and  stuffiness  in  ears  were  relieved. 
On  May  18,  1922,  the  patient  came  to  the 
otlice  stating  that  she  was  just  getting  over 
a  head  cold  and  wished  the  roentgen  rays 
used  to  stop  the  buzzing  in  her  ears.  At 
this  visit  she  stated  that  no  head  colds  had 
appeared  since  February  until  the  present 
one  in  May,  that  now  she  was  not  bothered 
by  drafts,  and  the  head  noises  had  been 
absent  until  the  present  buzzing  appeared 
following  the  present  head  cold.  Since 
February,  she  has  been  able  to  hear  conver- 
sation much  better,  could  hear  the  alarm 
clock  tick  as  she  moved  about  the  room, 
and  was  able  to  hear  the  telephone  ring. 
On  May  i8th,  she  was  treated  with  the 
roentgen  rays.  On  May  20th,  she  reported 
that  the  buzzing  in  her  ears  stopped  one 
hour  after  the  use  of  the  roentgen  rays  and 
that  hearing  improved.  She  has  been  under 
my  constant  supervision  since  December, 
19 12,  during  which  time  she  has  had  many 
inflation  treatments  by  means  of  Eustach- 
ian catheter,  but  at  no  time,  she  states, 
has  she  been  free  from  buzzing,  sound  ot 
whistles  or  escaping  steam,  until  the  roent- 
gen rays  were  used;  and  the  oOice  record 
bears  out  her  statement. 

SLMMAKV 

1.  Small  doses  of  roentgen  rays  are  a 
valuable    aid    in    treating    aural  disease. 

2.  They  are  most  valuable  in  cases  dis- 
closing a  prominent  throat  element. 

3.  It  would  seem  that  results  are  ob- 
tained by  the  roentgen  rays  influencing  the 
bacterial  content  of  the  throat. 

4.  Their  influence  is  most  marked  on 
tinnitus  aurium,  relief  following  soon  after 
the  treat nicnt. 


TREATiMENT  OF  DEFECTIVE  HEARING  BY  SMALL  DOSES 

OF  X-RAYS 

BY  JOHN    MCCOY,   M.D. 

NEW    YORK    CITV 

The  writer  wishes  to  report  the  result  of  By    "greatly    improved,"    we    mean    a 

a  series  of  cases  of  deficient  hearing  treated  greater  sensitization  to  the  human  voice 

by  the  method  proposed  by  Dr.  Charles  and   whisper,    so   that   the   patients   were 

Stokes  for  the  alleviation  of  this  condition,  able  to  hear  from  five  to  six  times  further 

The  types  of  cases  treated  were  embraced  than  before  treatment;  the  improvement 

under  the  pathological  conditions  causing  to  the   finer  sounds   of  the   watch,   while 

deficient  hearing  as  follows:  slight,  was  mostly  negligible. 

rv^-v        Ai  J-        /"  +      I,   I-       nu       ■  By  "slightlv  improved,"  we  mean  the 

Otitis      Media      Catarrhalis      Chronica  ^.-^    ^            Ci    ^    u        ^       ^    ^l 

/r\\i  n  n  \      1-u        ■       i                       i,       •  Datient  was  able  to  hear  two  to  three  times 

((J.jVI.C.C.)    otherwise    known   as   chronic  i-    ^i       ^i        i    r       ^    ^• 

J          ^1  lurther  than  beiore  testing, 

drv  catarrh.  a  r  *•      •           c              ^      ^  j      vl  ^l 

rvi-v        AT  J-         D       I     .^         <"i,       •  A  hst  IS  given  oi  45  cases  treated,  with  the 

Otitis      Media       rurulenta       Chronica  j-              If 

(O  M  P  r  "I  corresponding  results: 

Otitis       Media        Purulenta        Residua      _  . ,  „  [  Greatly  improved 9 

(O  M  P    Rpi^irlinl  O.M.C.C  -^  Slightly  improved 19 

(UJVl.r    nesiaua).  1  No  improvement 7 

Otosclerosis.  [  Greatly  improved o 

O.M.P.C.  j  Slightly  improved 2 

The  majority  of  cases  had  had  all  foci  of  1  No  improvement o 

chronic  infection  removed,  and  had  been     r.  m  d  d     j      [  Greatly  improved i 

,  ,  ,  ,  ,,   ,  ,       ,         U.I\1. p.  Kesidua  I  blightly  improved i 

placed  on  the  other  well-known  methods  [  No  improvement o 

of  treatment  before  being  subjected  to  the  .  f  Greatly  improved 2 

V  ra-\?c  Otosclerosis  <  Slightly  improved 2 

'"^y   ■  II-  I  I  r    II  [  No  improvement 2 

1  he    method    is    employed    as    follows :  — 

The   patient   is   seated  30  inches  from  the  ""^^ ''■' 

target  and  has  the  .\-rays  applied  in  turn  to  In  addition  to  the  above,  there  was  noted 
the  regions  of  the  right  ear,  left  ear,  the  a  decidedly  greater  patency  to  the  Eustach- 
occiput  and  the  open  mouth  in  a  direction  ian  tubes  in  all  cases  in  which  there  was  a 
toward  the  pituitary  gland.  A  iio-volt  tendency  to  stenosis.  In  2  cases,  there 
current  is  used  with  a  4-inch  spark-gap  and  was  noted  a  decided  improvement  in  the 
from  5  to  10  ma.  The  exposure  lasts  from  sense  of  smell.  In  2  cases  of  hypertension 
ten  to  thirty  seconds  laterally,  from  ten  to  there  was  noted  a  decided  drop  in  blood- 
twenty  seconds  posteriorly  and  from  five  pressure.  Tinnitus,  which  was  present  in 
to  fifteen  seconds  anteriorly.  An  opaque  most  of  the  cases,  was  stopped  in  6  and 
shield  with  a  perforation  3  inches  in  diam-  alle\'iated  in  10  cases. 

eter  is  used  laterally.  The  shield  is  held  in  In  conclusion,  the  writer  believes  that 

front  of  the  eyes  for  the  anterior  exposure,  we    have    here    a    method    which    is    still 

The   treatments   are   given   two   or   three  empirical,  is  not  harmful  and  is  in  many 

times    weekly    for    three    to    six    weeks,  cases  beneficial.   As  to  the  theory  of  its 

The   cases   were   tested   by   the   watch,  action,  the  writer  feels  that  there  must  be 

acoumeter,  voice  and  whisper,  before  and  an   absorption   of  small-celled   infiltration 

after  the  treatments.  The  patency  of  the  in  the  Eustachian  tubes  and  possibly  at  the 

Eustachian  tubes  was  also  specially  noted  terminals  of  the  auditory  nerve,  as  well  as 

along  with  the  other  usual  notations  of  the  perhaps  a  stimulation  of  the  same.  Whether 

condition    of    the    nose,    throat    and    ear.  there  is  penetration  to  the  pituitary  gland  is 

The  results  noted  were  placed  In  the  follow-  a   question,   but  that  some  change  takes 

ing  categories:  Greatly  Improved,  slightly  place  in  it.  Is  given  food  for  thought  by  the 

improved,  no  improvement.  alteration  In  blood  pressure. 

'  Read  by  title  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Society.  Los  Angeles.  Calif..  Sept.  12-16. 
1922.  Discussion  of  this  paper  and  the  others  in  the  same  iymposium  will  appear  in  a  -subsequent  number  of  the  Jouknal. 
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THE  ROLE  OF  RADIUM  NEEDLES  IN  THE  TREATMENT  OF 

NEOPLASTIC  DISEASES* 


BY    WILLIAM    L.    CLARK,    M.D. 


PHILADELI'IHA,    PENNSYLVANIA 


^I^HOSE  who  have  employed  radium 
-L  with  due  regard  to  established  facts 
concerning  the  physics  of  the  element, 
and  who,  by  the  study  of  authentic 
literature  and  sufficient  clinical  experience, 
have  acquired  a  knowledge  of  applying  it 
correctly,  are  profoundly  impressed  with 
its  power  for  good  in  the  treatment  of 
malignant  disease,  and  certain  other  path- 
ological conditions. 

While  great  strides  ha\e  been  made  in  an 
incredibly  short  period  of  time,  toward 
increasing  the  sum  total  of  knowledge 
concerning  the  physical  properties  of  ra- 
dium and  the  problem  of  its  application  to 
disease,  we  are  not  only  justified  in  the 
belief  that  there  is  much  yet  to  be  learned 
concerning  it,  but  that,  with  continued 
intensive  study,  laboratory  experiment 
and  clinical  experience,  radium  will  soon 
be  shown  to  possess  infinitely  greater  value 
as  a  therapeutic  agent  than  is  realized  at 
the  present  time. 

There  are  numerous  ways  and  forms  in 
which  radium  may  be  employed  to  meet 
the  individual  requirements  of  a  case,  and 
the  ingenuity  of  those  employing  this  agent 
is  often  taxed  to  the  utmost  to  devise 
means  by  which  particular  indications 
may  be  met  to  the  greatest  advantage. 
Indeed,  it  is  absolutely  essential  that  this 
flexibility  of  application  be  recognized  and 
practiced,  with  careful  consideration  of 
individual  requirements,  if  the  best  results 
are  to  be  obtained.  A  highly  specialized 
instrument  in  the  hands  of  one  unaccus- 
tomed to  or  unskilled  in  its  use  might 
bring  discredit  upon  the  instrument  and 
upon  himself,  while  in  the  hands  of  an 
experienced  and  skilled  workman  the 
same  instrument  might  be  made  to  serve 
its  purpose  to  the  utmost  of  its  possi- 
bilities, and  establish  the  reputation  both 
of  the   instrument   and   of  the   operator. 

So,  also,  the  reputation  of  radium  has 
often  suffered,  not  for  lack  of  potential 
value,  but  by  its  unskilled  use. 


The  therapist  must,  also,  with  broad 
vision,  recognize  the  importance  of  other 
measures,  such  as  operative  surgery, 
electrothermic  methods,  and  the  .v-rays, 
else  he  will  not  enjoy  the  same  satisfaction 
of  achievement  as  does  he  who  recognizes 
and  practices  combined  methods  of  attack. 

One  who,  by  writings  and  practice, 
makes  pretension  of  treating  malignant 
disease  successfully,  must  acknowledge 
the  importance  of  all  units  which  have  been 
shown,  by  critical  tests,  to  be  of  value, 
else  he  will  in  time  lose  the  confidence  of 
his  clientele  and  be  outdistanced  in 
achie\'ement  by  the  man  who  does  his  duty 
to  his  patients,  to  the  medical  profession, 
and  to  himself,  by  utilizing  every  means 
available  to  accomplish  the  desired  results. 

Of  these  means,  not  the  least  in  value  is 
the  application  of  radium  in  needles,  and 
it  is  to  the  consideration  of  this  method 
that  the  present  paper  will   be  confined. 

The  introduction  of  radium  needles 
marked  an  epoch  in  the  usefulness  of 
radium  therapy,  not  only  in  the  treatment 
of  some  forms  of  malignant  disease  in 
certain  anatomical  locations,  but  also,  in 
some  benign  neoplastic  conditions. 

Over  three  years  of  study  and  varied 
clinical  experience  with  radium  needles 
have  led  me  to  the  recognition  of  the 
following  facts  concerning  this  form  of 
radium  application: 

When  radium  needles  are  introduced 
into  neoplastic  tissue  the  maximum  reac- 
tion is  obtained,  owing,  in  the  first  place, 
to  the  direct  action  of  the  rays  upon  the 
tissue,  and  in  the  second  place,  to  the 
cross-fire    eflect    from    needle    to    needle. 

The  total  radiation  from  each  needle 
can  be  utilized  locally,  in  contradistinction 
to  the  extravagant  dissemination  in  the 
air  of  approximately  three-fourths  of  the 
radioactivity   during    surface    application. 

The  corrosive  action  of  the  body  fluids 
on  the  steel  needles  as  originally  provided, 
has  been  largely  overcome  by  the  use  ot 


•  Read  at  the  Seventh  Annual  Meeting  of  The  .American  Radh'm  Society.  St.  Louis.  .\Io.,  May  2j-jj.  ly^.'. 

204 


The  Role  of  Radium  Needles  in  the  Treatment  of  Neoplastic  Diseases       205 


nickel  alloy.  In  some  cases,  however,  plat- 
inum or  irido-platinum  needles  are  more 
desirable,  although  these  are  less  durable, 
and  bend  more  easily.  In  addition  to  the 
strength  of  the  metal  employed  in  the 
composition  of  such  needles,  an  important 
factor  is  its  property  of  fdtering  out  the 
beta  rays,  or  all  but  the  hardest  beta  rays, 
depending  upon  the  thickness  and  density 
of  the  metal  employed.  The  fact  that 
some  of  the  beta  rays  are  filtered  out  by  the 
needle  walls  has  been  found  to  be  of 
advantage,  since  the  same  therapeutic 
result  can  be  obtained  without  as  great  an 
inflammatory  reaction  and  after-discom- 
fort to  the  patient  as  when  all  the  beta  rays 
are  employed.  Also,  there  is  less  danger 
of  subsequent  formation  of  undesirable 
sloughs. 

By  the  use  of  radium  in  needles,  and  the 
judicious  consideration  of  this  property 
of  filtration,  a  dose  can  be  given  which  will 
exert  a  lethal  action  upon  malignant  ceils 
without  causing  necrosis  with  sloughmg, 
but  rather,  a  retrogression  of  the  growth 
and  relative  conservation  of  the  normal 
cellular  elements.  The  general  appearance 
is  that  of  mummification,  rather  than  the 
usual  necrotic  changes. 

A  small  quantity  of  radium,  from  i  mgm. 
to  10  mgm.  in  each  needle,  can  be  used  to 
even  greater  advantage  than  a  larger 
quantity,  for  the  reason  that  this  greater 
concentration  will  be  more  likely  to 
produce  sloughing,  while  the  desired  effect 
is  to  change  the  character  of  the  cells  and 
render  them  innocuous  by  atrophy,  also 
secure  final  replacement  by  fibrous  con- 
nective tissue. 

Small  quantities  of  radium  in  needles 
inserted  at  equidistant  points  throughout 
a  growth,  will,  by  cross-fire  action,  result 
in  homogeneous  radiation  over  a  wide 
area,  while  a  single  capsule  or  needle  con- 
taining a  large  quantity  of  radium,  whether 
buried  in  the  growth  or  applied  to  the 
surface,  will  exert  its  greatest  influence  at 
the  point  of  contact,  its  effect  growing 
rapidly  less  potent  as  the  distance  from 
the  radium  is  increased. 

Dosage  is  all-important  in  radium- 
needle  application  and  is  most  difficult  to 
estimate.  Important  points  to  be  con- 
sidered are:  the  anatomical  location  of  the 


neoplasm,  its  type  and  its  grade  of  malig- 
nancy. For  example:  the  uterus  will  stand 
a  larger  radium  dosage  than  the  rectum; 
the  breast,  than  the  buccal  surface,  the 
tongue,  the  floor  of  the  mouth  or  the 
tonsils;  the  stomach,  more  than  the  intes- 
tines, etc.  The  requirements  of  the  individ- 
ual case  must,  also,  be  studied.  A 
correct  technique  is,  therefore,  of  the 
utmost  miportance.  With  good  judgment 
and  such  technique,  most  gratifying  re- 
sults will  often  be  obtained;  but  should 
mistakes  be  made  in  any  of  these  several 
factors,  much  damage  and  suffering  may 
result.  For  example,  too  small  a  dose  may 
only  stimulate  the  neoplasm,  while  an 
overdose  may  result  in  such  dense  fibrosis 
that  circulation  in  the  mass  is  totally 
arrested.  Then,  within  a  few  weeks  or 
months,  sloughing  will  occur,  resulting  in 
an  ulcer,  which  will  not  heal.  This  condi- 
tion is  as  bad,  though  benign,  as  was  origi- 
nally present. 

Radium  needles  should  be  used  very 
guardedly  near  bone,  since  experience  has 
taught  that  the  vitality  of  normal  bone  is 
easily  impaired.  As  a  result  of  such  damage 
a  sequestrum  will  often  form,  necessitating 
surgical  removal;  or,  a  fibrous  periostitis 
has  been  known  to  occur,  and  the  resulting 
pain  has  been  so  great  and  persistent  that 
opiates  were  called  for  in  increasing 
quantities. 

Radium  needles  attached  to  strong 
braided  silk  thread  may,  after  careful 
sterilization,  be  inserted  into  some  of  the 
abdominal  viscera  immediately  following 
a  laparotomy. 

It  has  been  my  clinical  experience  that 
needles  containing  10  mgm.  of  radium 
should  not  be  inserted  into  a  malignant 
growth  at  a  distance  greater  than  25  mm. 
apart,  as  a  lethal  effect,  from  this  stand- 
point, will  not  be  produced  beyond  this 
distance.  In  some  instances  the  distance 
should  be  even  less,  depending  upon  the 
degree  of  radiation  concentration  desired, 
the  exact  amount  of  radium  in  each  needle, 
and  also,  the  time  allotted  for  the  treatment. 

Needles  with  cutting  trochar  points 
have  been  found  to  be  more  generally 
useful  than  those  with  round  tapering 
points.  A  trochar  is  used  before  the  inser- 
tion of  a  needle  if  the  tissue  is  dense,  but  if 
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of  soft    consistency,    the    needle   may    be 
inserted  directly  into  the  tissue. 

Where  concentrated  action  of  radium  is 
desired,  radium  needles  may  be  grouped 
together  and  used  in  a  metallic  container, 
with  proper  filtration.  Or  they  may  be 
placed  side  by  side  in  a  flat  metallic 
container  for  surface  work. 

An  efficient  radium  needle  equipment 
consists  of  very  small  irido-platinum 
needles  containing  as  little  as  i  mgm.  oi 
radium,  platinum,  irido-platinum  or  steel 
alloy  needles,  containing  5  and  8  mgm. 
respectively,  and  steel  alloy  needles  con- 
taining 10  mgm.  Some  of  these  needles 
should  be  of  the  "combination"  type,  so 
that  either  a  thread  or  a  screw-shank  may 
be  attached  for  superficial  or  deep  work, 
respectively.  Needles  may,  of  course, 
contain  larger  quantities  of  radium  than 
10  mgm.,  but  I  have  found  this  a  con- 
venient unit  with  which  to  work  and  to 
meet  all  requirements. 

The  very  small  platinum  needle  con- 
taining I  mgm.  of  radium  is  indicated  in 
the  same  conditions  as  is  the  glass  radium 
emanation  "seed,"  and  has  the  advantage 
that  it  may  be  withdrawn  after  sufficient 
radium  dosage  has  been  given;  whereas, 
the  glass  "seed"  remains  in  the  tissue, 
where,  though  it  later  becomes  incapsu- 
lated,  it  may  still  be  considered  a  foreign 
body. 

Capillary  tubes  containing  radium 
emanation  may  be  inserted  into  needles 
and  used  with  satisfaction.  Many  radiol- 
ogists, however,  who  have  a  choice  of 
needles  containing  the  element  or  emana- 
tion, prefer  the  former,  owing  to  the  greater 
stability  of  the  radiation  given  off  by  the 
element. 

When  a  malignant  or  other  growth  has 
received  a  maximum  radiation  dose  with 
needles,  it  is  inadvisable  to  employ  them 
again,  should  the  same  tissue  need  further 
treatment,  as  there  is  a  tendency  for  such 
tissue  to  break  down  under  these  condi- 
tions. Radiation  treatment,  cither  with 
radium  or  the  x-rays,  may,  however,  be 
carefully  given  from  the  surface,  at  sub- 
sequent periods,  without  great  danger  of 
such  a  secjuence. 

The  secondary  radiation  from  metal  in 
contact     with     the    tissues     beneath     the 


surface  does  not  produce  such  an  acute 
reaction  as  does  contact  of  the  metal  upon 
the  skin  surface. 

The  patient  should  be  prepared  as  for 
any  surgical  operation,  since  infection 
may  occur  if  the  field  is  not  sterile.  The 
needles  may  be  inserted,  as  a  rule,  under 
local  anesthesia.  Where,  however,  many 
needles  are  to  be  employed,  or  there  is  any 
other  contraindication  to  the  use  of 
local  anesthesia,  such  as  a  supersensitive 
or  nervous  patient,  general  anesthesia 
may  be  induced. 

I  do  not  use  radium  needles  in  localized 
basal-cell  epitheliomata,  or  even  in 
localized  malignant  lesions  of  any  type, 
unless  it  be  as  a  secondary  measure,  the 
electrodesiccation  and  electrocoagulation 
methods  being  much  to  be  preferred, 
provided  the  condition  is  such  that  the 
disease  can  all  be  destroyed  at  once. 
When,  however,  the  disease  is  not  amen- 
able to  immediate  eradication  by  electro- 
thermic  methods  or  surgery,  or  when 
metastasis  has  occurred,  then  radium 
needles  alone,  or  in  combination  with  other 
measures,  may  be  depended  upon  to  yield 
satisfactory  results,  in  many  cases. 

Among  the  anatomical  locations  and 
conditions,  malignant  and  otherwise,  in 
which  radium  needles  may  be  used,  are: 
Adherent  neoplasms  of  the  cornea  and 
bulbar  conjunctiva;  growths  between  the 
globe  and  floor  of  the  orbit  not  involving 
the  lid,  in  which  needles  could  be  inserted 
through  the  lid  into  the  grovnh;  deep 
seated  growths  of  the  canthi;  laryngeal 
growths  in  which  small  needles  could  be 
inserted  between  the  membrane  and  the 
cartilage;  growths  of  the  tonsils,  pharynx, 
soft  palate,  buccal  surface,  tongue,  and 
floor  of  the  mouth,  anterior  and  posterior 
nares,  and  the  esophagus;  metastatic 
cervical  and  other  glands;  inoperable 
cancer  of  the  breast;  cancer  of  the  pyloris 
and  other  parts  of  the  stomach  (after 
laparotomy  and  gastroenterostomy);  can- 
cer in  some  other  of  the  abdominal  viscera, 
and  of  the  bladder  through  a  suprapubic 
opening,  or  per  urethra;  cancer  of  the 
uterus  involving  outlying  regions  impos- 
sible of  access  by  capsule,  but  which,  if 
impossil)le  to  reach  entirely  from  below, 
can   be   readied    from   abo\e   through   an 
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abdominal  incision;  neoplasms  of  the 
urethra  and  rectum;  cancer  or  hypertrophy 
of  the  prostate  by  suprapubic,  perineal  or 
rectal  route;  large  cavernous  angiomata; 
exopthalmic  goiter. 

There  is  much  more  to  be  said  relative 
to  the  value  and  technique  of  radium 
needle  application,  but  to  discuss  the 
subject  further  would  be  to  exceed  the 
scope  of  a  single  paper. 

In  conclusion,  it  may  be  asserted  with 
assurance  that  radium  needles  fulfdl  an 
entirely  unique  place  in  our  equipment 
and  have  aided  very  materially  in  the  fight 
against  neoplastic  diseases. 

DISCUSSION 

Dr.  Kirkendall.  0\er  a  year  ago  I 
commenced  to  boil  radium  needles.  Since  then 
I  have  had  two  interesting  experiences:  in 
one  instance,  the  needle  broke  directly  through 
its  center,  making  a  hinge  joint,  with  the  raw 
radium  visible,  and  in  the  other,  the  eye  pulled 
out.  Both  needles  were  sent  back  to  the  factory 
for  replacement.  There  was  no  loss  of  radium 
in  either  needle.  Dr.  Clark  did  not  mention 
how  he  sterilizes  his  needles,  but  I  have  found 
it  satisfactory  to  boil  them. 

In  treating  a  malignant  growth  directly 
under  the  skin,  if  you  wish  to  needle  the  growth, 
the  needles  will  stay  in  better  if  the  eye  of  the 
needle  is  pushed  clear  below  the  skin  level. 

I  believe  that  the  superficial  malignancies 
of  the  skin  are  best  treated  with  a  surface  pack 
of  radium. 

When  a  malignant  growth  is  deep-seated  and 
in  an  area  of  the  body  where  the  growth  is 
near  the  superficial  lymphatics,  or  where  the 
part  is  drained  by  many  lymphatics,  as  in  a 
case  of  cancer  of  the  breast,  I  think  the  growth 
proper  should  be  needled  first  (buried  radium 
needles)  and  all  the  surrounding  areas  treated 
afterwards  with  a  surface  radium  pack,  in  order 
to  catch  any  malignant  cells  that  may  have 
been  squeezed  out  by  the  application  of  the 
needles  and  other  manipulations.  If  this  pro- 
cedure is  reversed,  and  the  outside  areas  are 
treated  before  the  growth  proper  is  treated, 
the  trauma  to  the  growth  may  recontaminate 
the  outside  areas,  and  by  so  doing,  render  the 
treatment  useless. 

I  would  like  to  report  a  case  of  buried  radium 
needles  in  a  woman  forty-eight  years  old  who 
had  had  two  previous  operations  for  recurrent 
cancer  of  the  breast.  The  radical  operation  for 
removal  of  the  breast  occurred  in  July,  191 5, 
with    a    microscopic    diagnosis    of    adenocar- 


cinoma. In  1920,  a  recurrence  in  the  axilla 
was  incompletely  excised.  The  recurrence  sur- 
rounded the  axillary  vein.  Again  a  section  was 
taken,  with  the  same  diagnosis.  A  surface 
radium  pack  was  used.  In  July,  1921,  she  came 
back  with  a  mass  in  the  axilla  about  the  size 
of  a  hickory  nut.  The  mass  was  exposed  and 
found  to  surround  the  axillary  vein.  It  could 
not  be  removed,  and  five  lo-ingm.  needles 
were  inserted  into  the  mass  and  left  i?z  situ 
for  seven  hours.  There  was  no  serious  reaction, 
the  growth  ceased  to  increase,  and  then  shrank 
to  the  size  of  a  bean.  The  pain  in  the  arm  and 
shoulder  that  she  had  been  having  gradually 
ceased,  as  did  likewise  the  swelling  in  the  arm. 
I  report  this  case  to  show  that  we  do  not  need 
to  be  much  afraid  to  insert  radium  needles 
near  the  large  blood-vessels. 

Dr.  Panco.\st.  There  is,  I  think,  a  certain 
amount  of  danger  from  the  traumatism  caused 
by  the  implantation  of  needles  in  some  growths 
as  a  cause  of  metastasis.  Wherever  possible, 
I  think  the  preliminary  surface  radiation  should 
be  carried  out  first. 

I  believe  in  boiling  needles  in  the  steriliza- 
tion process,  and  use  the  Bowen  holder  in  doing 
it.  One  should  be  careful  that  the  water  does 
not  boil  away.  We  have  had  one  unfortunate 
experience  with  infection  following  needle 
implantation.  A  man  with  a  cavernous  angioma 
of  the  soft  palate  had  two  needles  implanted 
in  the  growth  and  within  a  few  hours  he  had  a 
very  sore  throat,  and  five  days  later  died  of 
pyemia.  A  blood .  culture  showed  hemolytic 
streptococcus.  He,  of  course,  had  the  infection 
in  his  throat  at  the  time  the  needles  were  put 
in,  and  the  infection  was  earned  in  by  the 
needles. 

Dr.  Bowing.  I  have  had  the  same  difficulty 
— bending  or  breaking  of  needles,  as  well  as 
dislodging  the  eye.  It  has  been  my  policy  (be- 
cause the  metal  in  the  needle  will  not  retain  a 
sharp  point,  and  constant  sharpening  wears 
the  needle  back  into  the  radium  cavity)  to  cut 
the  way  with  a  small,  sharp-pointed  knife, 
just  enough  to  get  the  needle  in,  as  well  as  to 
the  proper  depth.  I  place  the  knife  just  where  I 
want  to  place  the  needle,  then  withdraw  it 
sufficiently  and  enter  the  passageway  with  the 
needle  holder  to  deposit  the  needle.  In  this  way 
I  do  not  break  the  needle  or  traumatize  the 
tissue. 

I  would  not  consider  a  thread  as  a  means  of 
withdrawing  the  needle.  It  cannot  be  safely 
sterilized.  I  am  using  a  fine  resistance  wire 
which  is  sufficiently  strong  and  can  be  properly 
sterilized. 

The  onlv  thing  I  have  to  contend  with  is 
hemorrhage,    and    a    little    packing    usually 
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suffices,  and  is  lield  in  place  with  adhesive 
strips. 

Dr.  Aikins.  I  have  a  great  many  difficul- 
ties with  the  needle  and  have  been  using  flat 
applicators  for  thirteen  years.  I  get  much  better 
results  than  with  needles  in  surface  work,  and 
I  am  sure  if  the  gentlemen  will  try  them  out 
they  will  be  pleased. 

Dr.  Clark  (closing  discussion).  Radium 
needles  should  be  sterilized  thoroughly.  Fail- 
ure of  such  precaution  may  result  m  serious 
local  infection  or  e\x'n  septicemia.  There  ap- 
pears to  be  a  wide-spread  belief  that  boiling 
destroys  the  efficiency  of  the  needles,  but 
such    is   not   the   case.  They   may   be   boiled 


as  frequently  as  is  necessary.  The  next  best 
method  of  sterilizing  radium  needles,  threads 
and  wire,  is  to  place  them  in  a  formalin  bath 
followed  by  absolute  alcohol,  and  finally,  by 
sterile  water. 

Radium  needles  may  be  inserted  into  soft 
tissue  without  the  previous  use  of  the  trochar, 
but  in  dense  tissue,  the  trochar,  or  the  narrow 
scalpel  suggested  by  Dr.  Bowing,  may  be 
employed  previous  to  the  insertion  of  the 
needles. 

As  needle  sutures,  my  preference  is  for  heavy 
braided  silk  thread,  as  it  is  much  easier  to 
handle  than  the  wire.  Moreover,  wire  is  easily 
kinked  and  may  break  when  least  expected. 
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BV    IRWIN    P.    LEVI,    M.D. 
Roentgenologist,  St.  Luke's  Hospital 

ANNISTON,    ALABAMA 


''l^HE  following  case  is  reported  because  of 
JL  its  apparent  rarity  and  because  practi- 
cally all  the  more  common  textbooks  on 
the  subject  of  surgery  fail  to  contain  any 
mention  of  its  occurrence,  or  the  important 
part  the  roentgen  ray  plays  in  the  diagnosis 
of  this  disease.  Even  so  complete  a  treatise 
as  "Keen's  Surgery"  contains  no  mention 
of  this  condition.  Nor  have  I  been  able  to 
find  any  mention  made  of  it  in  any  roent- 
genological journal  of  recent  date.  The 
only  textbook  in  which  I  could  find  a 
description  of  this  condition  is  the  treatise 
on  surgical  diagnosis  by  Dr.  A.  B.  Johnson, ' 
in  which  work  there  is  a  page  devoted  to 
this  subject,  with  a  description  of  the 
etiology  and  symptoms  thereof. 

Etiology.  Johnson  states  that  this  con- 
dition is  a  rare  one;  that  the  ilium  is  more 
frequently  attacked  than  any  other  of  the 
pelvic  bones,  and  that  in  the  lines  of 
union  of  the  se\eral  bones  the  acetabulum 
is  the  favorite  seat  of  localization.  Save 
for  direct  infection  through  wounds,  where 
the  infection  is  carried  to  the  site  of  the 
disease,  the  occurrence  of  the  infection  is 
more  frequent  in  childhood.  While  in  a 
certain  percentage  of  cases  subcutaneous 
injury,  often  of  only  slight  severity,  may 
be  the  direct  causative  factor,  it  is  diffi- 
cult  to   sav    in    manv   cases   whether   the 


injury  itself  had  any  relationship  to  the 
inflammation  of  the  bone. 

Symptumatology.  Johnson  gives  the 
symptoms  as  similar  to  those  of  osteo- 
myelitis elsewhere  in  the  body,  together 
with  some  special  localizing  symptoms. 
The  symptoms  of  osteomyelitis  are  in 
general  those  of  sepsis;  fe\'er  of  moderate 
degree,  with  morning  or  evening  exacer- 
bations or  both,  an  increase  of  leucocytes, 
with  relative  increase  of  polymorpho- 
nuclear cells,  and  the  general  picture  of  an 
intense  poisoning  of  the  body  by  infection. 
With  this  picture  one  may  find  localized 
tenderness,  pain  and  swelling  of  the 
involved  parts,  and,  after  a  week  or  two, 
if  the  patient  survive  that  length  of  time, 
the  signs  and  symptoms  of  a  deep-seated 
suppuration  will  become  evident.  If  the 
acetabulum  is  in\oKed,  the  picture  may 
resemble  an  acute  inflammation  of  the  hip 
joint.  In  general,  these  are  the  symptoms 
given  of  this  condition,  and,  to  quote 
Johnson  again,  "The  picture  is  often  one 
of  an  intense  and  rapidly  fatal  sepsis,  in 
the  face  of  which  surgery  finds  itself  quite 
helpless." 

Female,  aged  fifteen,  white,  height 
5  ft.  6  in.,  weight  approximately  85  lbs. 

Past  History.  Patient  has  had  mumps, 
measles  and   whooping-cough.   No  scarlet 


Suppurative  Osteomyelitis  of  the  Left   Side  of  the  Pelvis 


209 


fever,  or  any  other  serious  illness.  No 
history  of  pulmonary  disease,  save  an 
acute  attack  of  influenza  two  years  ago, 
moderate  in  se\erity  and  lasting  ten  days. 

Family  History.  Mother  living  and 
well.  No  history  of  miscarriages.  Father 
died  of  pneumonia.  Two  sisters  and  one 
brother  li\  ing  and  well.  Hygienic  conditions 
of  residence  normal. 

Present  Illness.  On  June  25,  1921, 
patient  began  to  complain  of  pain  in  left 
buttock  and  inability  to  use  the  leg  to 
any  great  extent.  This  condition  rapidly 
grew  worse;  on  June  27th  the  patient  was 
not  able  to  use  the  limb  at  all.  She  was 
then     put    to   bed;    temperature    105°    F. 


Osteitis  of  left  side  of  pelvis. 

Shortly  afterward  she  became  delirious,  but 
during  the  entire  delirium  did  not  attempt 
to  use  either  lower  extremity  or  to  move 
herself  about  in  bed,  but  tossed  her  head 
from  side  to  side  and  attempted  to  rise  on 
her  right  elbow. 

The  blood  was  examined  for  malaria 
and  for  typhoid  fever — both  tests  negative. 
The  tentative  diagnoses  were  ptomaine 
poisoning  and  peritonitis,  probably  due  to 
a  ruptured  appendix.  The  abdomen  was 
markedly  distended  and  rigid,  and  very 
painiul  to  palpation.  During  this  time  she 
expectorated  a  moderate  amount  of  blood. 

At  the  end  of  ten  days  the  temperature 
tell  to  ioo°F.  in  the  morning  with  evening 
rises  to  103°,  and  the  delirium  subsided. 
The  abdomen  became  less  tender  and  the 
distention  lessened.  About  this  time,  there 
was  swelling  over  the  external  condyle  of 


the  right  elbow,  which  was  tender  and  red 
and  the  presence  of  fluid  was  suspected. 
Under  local  anesthesia  an  incision  was  made 
and  pus  obtained.  The  wound  healed 
rapidly.  During  the  next  fortnight  it  was 
noticed  that  the  left  thigh  became  larger 
than  the  right.  The  thigh  was  opened  under 
local  anesthesia,  the  opening  being  about  3 
to  4  inches  below  the  greater  trochanter  of 
the  femur.  Foul  yellow  pus  was  found. 
Immediately  the  temperature  dropped  to 
normal. 

Roentgen-ray  Examination  (September 
I,  192 1 ).  Evidence  of  a  former  periostitis 
in  the  region  of  the  right  elbow-joint, 
limited  to  the  humerus.  Periosteal  increase 
o\er  the  internal  and  especially  over  the 
external  supracondylar  portion  of  the 
humerus.  The  structure  of  the  bone  appears 
normal;  no  evidence  of  active  infection 
demonstrable.  No  in\oKement  of  the  upper 
portions  of  the  radius  and  ulna.  The  films 
of  the  pelvis  show  evidence  of  a  marked 
suppurative  process  involving  practically 
the  entire  left  side.  The  left  side  of  the 
sacrum  at,  and  in  close  proximity  to,  the 
sacroiliac  synchondrosis  is  in\olved,  with 
entire  loss  of  detail  of  line  of  articula- 
tion. The  entire  iliac  bone  is  involved  as 
far  downward  as  the  iliopectineal  line, 
with  two  irregularly  oblong  areas  of 
decreased  shadow  density,  each  measuring 
approximately  4  cm.  in  length  and  2  cm. 
in  width.  The  acetabular  cavity,  as  well  as 
the  head  of  the  femur,  is  not  involved 
in  this  process.  There  is  some  degree  of 
bone  proliferation  at  the  lower  margin  of 
the  left  sacroiliac  articular  line,  as  well  as 
on  the  external  surface  of  the  iliac  bone 
just  above  the  acetabulum.  Some  rough- 
ness of  outline  and  evidence  of  periosteal 
proliferation  of  the  ramus  of  the  ischium, 
together  with  a  slight  increase  in  the  size 
of  the  bone.  The  pubic  bone  appears  to 
be  normal  in  outline.  Films  of  the  lumbar 
spine,  made  to  eliminate  the  possibility 
of  a  psoas  abscess  as  the  underlying  cause, 
show  it  to  be  normal  with  no  evidence  of 
bone  infection.  The  infectious  process 
seems  to  be  limited  purely  to  the  left 
sacrum,  iliac  bone,  and  the  ramus  of  the 
left  ischium. 

This  case  presents  the  following  points 
of  interest: 
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1.  Its  rarity. 

2.  The  occurrence  of  the  symptoms  of 
peritoneal  involvement,  due  probably  to 
the  leakage  of  the  products  of  infection 
through  the  thin  peritoneal  lining  of  the 
abdominal  cavity  and  giving  rise  to  the 
symptoms  of  a  general  peritonitis.  This 
demonstrates  clearly  that  in  a  case  present- 
ing the  symptoms  suggestive  of  a  general 
peritonitis,  without  localizing  symptoms 
and  without  the  history  of  a  disease  that 
would  of  itself  indicate  the  lesion,  such  as 
typhoid  fever,  pelvic  infection,  etc.,  occur- 
ring in  a  child,  the  possibility  of  a  pelvic 
osteomyelitis  should  not  be  disregarded 
and  a  roentgenological  examination  should 
be  made  of  the  entire  pelvis  to  determine 
the  possibility  of  infection.  The  symptoms 
of  general  peritonitis  were  the  predominant 
ones  in  the  early  stage  of  the  disease. 

3.  The    occurrence    of    so    extensive    a 


process  without  any  history  of  injury  even 
of  a  trivial  character,  or  without  any  other 
localizing  symptoms  save  a  disinclination 
to  use  the  left  leg,  and  yet  at  the  same 
time  possessing  no  symptoms  which  would 
localize  the  process  to  the  left  hip-joint, 
or  to  the  limb  of  the  side  of  the  pelvis 
in\olved. 

4.  The  necessity  of  routine  roentgen-ray 
examination  in  all  cases  presenting  symp- 
toms suggestive  of  pyemia,  or  of  hidden 
infection,  and  yet  possessing  no  localizing 
symptoms,  or  faint  ones  at  best.  By  this 
means  and  with  this  aid,  many  infections 
whose  origin  is  an  apparent  mystery,  can 
be  definitely  localized  and  adequately 
and  properly  treated  to  prevent  possible 
death,  or  at  least  limit  subsequent 
deformit}'.' 

'Johnson,  A.  B.  Surgical  Diagnosis,  iii,  128. 


GLASS  RETAINED  IN  THE  HAND  AND  FOOT 

BY    ARTHUR    S.    RISSER,    M.D. 
Surgeon,  Blackvvell  Hospital 

BLACKWELL,     OKLAHOMA 


Numerous  instances  are  recorded  in 
which  bullets  and  other  foreign  bodies 
have  been  retained  In  the  human  body  for 
varying  periods  of  time  without  apparently 
causing  any  troublesome  symptoms.  Such 
objects,  as  a  rule,  are  compact  and  rela- 
tively small  in  size  and  have  comparatively 
rounded  outlines  and  smooth  edges.  It 
would  seem  impossible  that  extremely 
sharp-edged  and  pointed  objects,  such  as 
splinters  of  glass,  could  be  silently  retained 
in  the  active,  delicately  constructed  por- 
tions of  the  body,  such  as  the  hands  and 
feet.  Their  complex  anatomy  of  tendons 
and  tendon  sheaths  would  seem  to  pre- 
clude retention  without  immediate  and 
greatly  impaired  function.  Such  instances 
as  those  reported  in  this  paper  would  seem 
to  be  comparatively  rare  and  illustrate 
what  might  be  called  the  accommodative 
powers  of  the  human  body. 

It  would  be  of  interest  to  know  how 
frequently  retained  fragments  of  glass 
occur  in  the  practice  of  individual  physi- 
cians; and  also  how  often  they  arc  detected 
by  means  of  the  roentgen  ray.  The  follow- 


ing cases  may  be  of  sufiicient  interest  to 
warrant  reporting. 

Case  I.  (x  2'^3).  Came  to  the  Black- 
well  Hospital  May  17,  191 8,  complain- 
ing of  increasing  pain  and  disability  of 
the  left  foot  on  attempted  walking.  Only 
a  small  scar  was  visible  on  the  plantar 
surface  of  the  foot,  and  no  tumor  or 
swelling  was  present.  His  personal  his- 
tory developed  the  fact  that  nineteen  years 
before,  when  a  small  boy,  he  had  stepped 
barefoot  into  a  box  of  glass.  Immediately 
after  the  injury  the  physician  in  attend- 
ance had  removed  several  spicules  of  glass 
from  the  wound,  after  which  it  healed 
rapidly.  Though  he  led  a  very  active  life 
on  the  farm  and  In  the  oil  field,  the  foot 
had  never  troubled  him  until  a  few  months 
prexlously.  A  roentgenogram  showed  a 
foreign  body  deep  in  the  plantar  fascia 
which  was  diagnosed  as  a  piece  of  glass. 
On  May  21, 1918,  under  local  anesthesia,  an 
irregular  piece  of  glass  measuring  i  •  4  in. 
by  ■'■'s  in.  was  removed  from  beneath  the 
deep  plantar  fascia. 

'Johnson,  A.  B.  Surgical  Diagnosis,  iii,  p.  128. 
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Case  II.  (x  476).  On  April  16,  1918, 
while  engaged  in  a  friendly  scuffle,  the 
patient  ran  his  right  hand  into  a  glass  door, 
smashing  the  glass  and  making  a  small 
lacerated  wound  on  the  dorsum  of  the 
hand.  In  dressing  the  wound  no  glass  was 
found,  and  the  patient  insisted  that  no 
roentgenogram    was    necessary,    since    he 


gen-ray  examination,  which  disclosed  a 
large  triangular  fragment  of  glass  between 
the  third  and  fourth  metacarpal  bones  and 
at  right  angles  to  their  axis.  Even  at  this 


Fig.  I.  Case  I.  Left  foot,  dorsal  view.  Glass  in  foot  for 
nineteen  years. 

was  sure  it  was  only  a  superficial  wound 
and  would  "soon  heal."  This  it  did 
promptly  and  without  infection  or  pain. 
The  patient  is  a  chemist  for  a  large  indus- 
trial organization,  using  his  hands  actively: 
and  not  until  some  twenty  months  later  did 
pain  and  impaired  function  develop.  On 
January  30,  1920,  he  consented  to  a  roent- 


FiG.  2.  Case  II.  Right  hand,  dorsal  view.  Glass  in  hand 
for  twenty-two  months. 

time,  the  pain  and  incapacity  were  com- 
paratively slight,  so  that  it  was  not  until 
almost  a  month  later  that  he  finally- 
submitted  to  operation.  However,  on 
February  24,  1920,  under  local  anesthesia 
and  a  dorsal  incision,  the  glass  fragment 
was  found  and  removed.  Recovery  was 
uneventful. 
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MALIGNANT  DISEASE  OF  THE  SKIN  BY  RADIATION* 

BY   HOWARD   MORROW,    M.D.,   AND   LAURENCE  TAUSSIG,   M.D. 

SAN    FRANCISCO,    CALIFORNIA 


''I'^HE  treatment  of  malignant  diseases  of 
1-  the  skin  was  one  of  the  first  fields  of  use- 
fulness noted  for  radium,  and  it  has'remained 
one  of  the  most  important  as  well  as  one  of 
the  most  satisfactory.  It  is  not  within  the 
scope  of  this  paper  to  go  into  the  volumin- 
ous and  growing  literature  on  the  subject. 
The  malignancies  of  the  skin  that  we  are 
called  upon  to  treat  are  the  basal-celled 
epitheliomata,  squamous-celled  epithelio- 
mata  and  the  various  types  of  cutaneous 
sarcomata.  The  technique  of  treating  these 
lesions  with  radium  will  be  discussed,  and 
then  the  statistics  will  be  presented. 

Rodent  ulcer  or  basal-ceiled  epithelioma 
is  one  of  the  most  satisfactory  types  of 
malignancy  to  treat  because  of  its  slow 
course  and  because  it  does  not  involve  the 
regional  lymph-nodes.  Its  common  occur- 
rence on  the  face,  especially  about  the 
canthi  and  eyelids,  makes  it  important  to 
produce  the  best  possible  cosmetic  result. 
Radiotherapy  has  become  the  treatment  of 
choice  for  these  lesions  because  of  the  ease 
with  which  it  is  applied,  even  in  difficult 
positions,  the  good  cosmetic  result  with  the 
production  of  a  soft,  supple,  relatively 
small  scar,  and  because  it  is  painless. 
The  technique  of  treating  the  average  case 
is  simple.  A  radium  plaque,  preferably  of 
full  strength,  large  enough  to  cover  the 
lesion  with  a  margin  of  i  to  3  mm.  may  be 
used,  screened  with  o.i  mm.  of  aluminum 
and  a  single  layer  of  rubber  dam,  for  a 
total  of  two  to  four  hours,  divided  between 
two  or  three  days.  If  the  lesion  is  very 
superficial,  the  time  may  be  cut  do\\n 
to  one  or  two  hours.  If  the  lesion  is  rather 
deep,  the  screening  may  be  increased  to 
0.5  mm.  of  aluminum  and  the  time 
increased  to  five  or  six  hours;  or  one  hour 
may  be  given  with  the  lighter  screen  and 
four  or  five  hours  with  the  heavier  screen. 
If  tubes  are  used,  40  to  60  mc.  hours  should 
be  given  to  each  sc].  cm.  of  surface  of  the 
lesion,  screened  \\ith  0.5  mm.  of  silver  and 


the  ear  lend  themselves  particularly  well 
totreatment  with  tubes.  In  treating  growths 
about  the  eye,  it  is  not  necessary,  as  a  rule, 
to  protect  the  conjunctiva,  as  it  is  very 
resistant  to  radiation,  the  reactions  which 
are  set  up  clearing  rapidly  without  causing 
permanent  damage.  Every  now  and  then 
a  deep  nodular  basal-celled  epithelioma  is 
encountered  which  is  resistant  to  surface 
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Fig. 


Basal-celled 
Treated  w 


epithelioma,     cicatrizing 
ith  radium  plaques. 


type. 


0.5  to  i.o  mm.  of  rubber  or  its  equivalent. 
Lesions  at  the  nasolabial  fold  and  behind 

•  Read  at  the  Seventh  Annual   Meeting  of  The  American  Radium  Society.  St.  Louis,  Mo..  May 
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applications.  For  these,  the  best  form  of 
therapy  is  the  insertion  of  unscreened  tubes 
of  emanation,  if  they  are  available.  These 
tubes  may  be  of  0.5  mc.  each  or  less,  the 
number  depending  uj^on  the  size  of  the 
nodule  treated.  One  or  two  such  tubes  are 
usually  sufficient.  If  emanation  cannot  be 
obtained,  steel  needles  containing  radium 
element  may  be  inserted  into  the  growth, 

2-23, 1922. 
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the  time  of  exposure  depending  upon  the 
amount  of  element  in  the  needles  and  the 
size  of  the  growth.  Fortunately,  we  are  not 
seeing  many  of  the  very  extensi\e  long- 
standing cases  with  great  destruction  of 
tissue,  which  were  so  common  a  few  years 
ago.  It  is  always  possible  to  keep  this  type 
of  basal-celled  epithelioma  under  control, 
but  it  is  almost  impossible  to  produce  a 
permanent  cure  in  many  of  them.  The 
borders  of  such  very  extensive  growths 
should  receive  the  most  attention,  as  the 


probably  increases  the  scarring  somewhat, 
and  this  is  of  particular  importance  in 
lesions  about  the  eye.  In  addition,  curet- 
ting is  apt  to  be  rather  painful.  The  ques- 
tion can  only  be  solved  by  experience.  It 
will  probably  develop  that  certain  well- 
defined  types  should  be  curetted  before 
radiation,  while  others  should  receive 
radiation  only.  At  the  present  time,  it  is 


Fig.  2.  Basal-celled  epithelioma,  cicatrizing  and  ulcer- 
ating type.  Treated  with  surface  applications  of 
radium  in  plaques  and  tubes. 

activity  is  usually  confined  to  this  area. 
Whenever  bone  is  involved,  the  prognosis 
must  be  guarded.  If  the  bone  involvement 
is  not  too  extensive,  a  thorough  raying, 
with  the  production  of  a  severe  reaction, 
may  cause  a  sequestrum  to  form,  which, 
when  It  separates,  will  carry  with  it  all  the 
remaining  malignant  tissue.  The  question 
of  curetting  the  pulpy  rodent  tissue  before 
radiation  is  still  an  open  one.  The  advan- 
tages are:  Lessening  the  time  of  radiation 
by  about  one-half,  the  exposure  of  the  true 
extent  of  the  lesion,  which  cannot  always 
be  accurately  judged  by  observation  and 
palpation,  and  the  procuring  of  tissue  for  a 
microscopical  examination.  It  is  also  likely 
that  the  percentage  of  recurrences  will  be 
less  if  the  lesions  are  curetted  before  radia- 
tion.  The    chief  disadvantage    is    that    it 


Fig.  3.  Basal-celled  epithelioma.  Curetted  on  account 
of  the  depth  of  involvement  and  treated  with 
radium  plaques. 

our  custom  to  curette  and  immediately 
radiate  all  basal-celled  epitheliomata  when 
the  nodules  are  large,  and  we  believe  that 
in  all  ulcerated  types,  radiation  without 
curettage  is  all  that  is  necessary.  We  are 
convinced  that  in  the  majority  of  these 
cases  of  rodent  ulcers,  radiation  with  the 
-X-ray  in  experienced  hands  is  capable  of 
producing  just  as  satisfactory  results  as 
radium,  though  our  own  experience  has 
been  limited  to  the  latter.  It  is  certain, 
however,  that  radiation  with  the  .\-ray 
is  impracticable  with  lesions  located  in  the 
natural  fissures  and  about  the  eye. 

The  treatment  of  cornifying  epitheliomata 
presents  a  much  more  difficult  problem. 
Fortunately,  these  growths  occur  far  less 
frequently  than  rodent  ulcers.  They  are 
rapid  growing,  usually  metastasize  early, 
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and  may  be  resistant  to  radiotherapy. 
In  general,  two  clinical  types  of  squamous- 
cellcd  cpithcliomata  are  encountered;  those 
in  which  the  predominating  direction  of 
growth  is  exuberant,  and  those  in  which  the 
growth  is  indurating.  The  exuberant, 
everting  type  is  usually  less  malignant, 
metastasizing  later  and  responding  better 
to  radium  therapy,  partly  because  it  is 
more  accessible.  The  two  types  merge  into 
one  another  and  the  everting  growth  always 
eventuallv    indurates.     In     all     of    these, 


treated  by  surface  radiation  alone.  In 
addition  to  thorough  radiation  of  the 
prmiary  lesion,  attention  must  be  paid  to 
the  neighboring  lymph-nodes.  If  these  are 
not  already  palpably  involved,  they  should 
be  thoroughly  rayed  with  the  .v-ray.  If 
they  are  involved,  they  should  first  be 
rayed,  and  then  remo^•ed  surgically  with 
the  associated  gland  chain,  if  that  is 
possible.  If  this  is  not  possible,  they  should 
receive  surface  radiation,  and  then  be 
seeded  with  bare  tubes  of  emanation,  or 


Fio.  4.  Basal-celled  epitnelioma.  This  is  the  type  tnat 
can  usually  be  held  in  check  but  can  rarely  be 
cured. 

radiation  should  be  thorough,  and  little 
thought  may  be  given  to  the  cosmetic 
result.  Surface  radiation  should  be  carried 
out  as  for  basal-celled  epitheliomata,  or 
somewhat  more  intensively;  and  in  addi- 
tion, unscreened  tubes  of  emanation  should 
be  seeded  throughout  the  mass,  using 
approximately  one  tube  of  0.5  to  i.o  mc. 
per  c.c.  of  tumor.  When  in  doubt,  use  too 
much  rather  than  too  little.  If  emanation 
is  nof  to  be  had,  steel  needles  containing 
radium  eleniciU  may  be  efVectivclv  used. 
Only  the  most  superficial  and  small 
squamous-celled     ei)itheiiomata     nun      be 


Fig.  5.  Squamous-celled  epithelioma  ofthe  ear.  Treated 
by  the  insertion  of  bare  tubes  of  emanation  and 
surface  applications  of  radium. 

Steel  needles  containing  radium  ma\  be 
inserted.  This  procedure  may  make  them 
operable  later.  In  some  cases,  partial 
operation  with  the  insertion  of  emanation 
tubes  at  the  time  of  operation  may  be 
indicated.  It  is  probable  that  the  perfec- 
tion of  the  technique  of  deep  .v-ray  radia- 
tion will  inipro\e  the  prognosis  of  these 
cases,  even  to  the  point  of  making  opera- 
tion unnecessary.  We  ha\e  jjractically 
abandoned  the  use  of  the  radium  pack  in 
fa\(M-  of  the  .\-ray  in  the  treatment  of  the 
lymph-gland  areas,  because  it  is  apparently 
iust   as   ethcacious   and    more   economical. 
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Epithelioniata  of  the  ear  present  a  special 
problem.  They  are  often  of  the  squamous- 
celled  type,  but  are  usually  less  malignant 
than  this  type  of  growth  elsewhere  on  the 
glabrous  skin.  Ne^■ertheless  they  are  often 
resistant  to  radiotherapy,  and  adequate 
doses  to  lesions  in  which  the  cartilage  is 
involved  produce  painful  and  slow-healing 


in^■olvement  should  be  looked  for,  and  if 
present,  should  be  treated  as  indicated 
above.  A'-ray  therapy  of  squamous-celled 
epithelioma  of  the  skin  has  not  been  very 
satisfactory  as  yet. 

Sarcoma  cutis  is  much  less  common  than 
either  of  the  types  of  epithelioma  of  the 
skin.  These  sarcomata  vary  greatly  m 
their  susceptibility  to  radiotherapy  and 
in  their  grade  of  malignancy.  They  are 
inclined  to  be  very  malignant,  and  should 
be  treated  in  accordance  with  the  principles 
laid  down  for  the  treatment  of  squamous- 
celled  epithelioniata.  The  local  lesion  of 
myxofibrosarcoma  responds  rapidly  to 
radium,  but  distant  metastases  occur 
sooner  or  later.  Verv  small  fibrosarcomata 


Fu,.  ().  SquaiiKiiis-tt-lkd  ipitheliomn  of  tlif  car  simu- 
lating a  basal-celled  cpitlicliiima.  Curetted  and 
treated  witii  radium  plaques. 

reactions.  The  smaller  lesions  may  properly 
be  treated  with  radium  alone,  but  those  of 
more  than  i  cm.  diameter  should  be  thor- 
oughly curetted,  cauterized,  preferably 
with  pure  chromic  acid  or  the  actual 
cautery,  and  then  rayed  cautiously.  In 
epithelioma  of  the  ear,  the  local  lymph- 
nodes  need  not  be  rayed  unless  the  lesion 
is  very  extensive,  but  they  should 
be  carefully  watched.  Of  course,  palpable 


Fic;.  7.  Squamous-celled  epitlielioma  oi  the  ear.  Resisted 
radium  therapy  alone  and  was  curetted  and  cauter- 
ized with  chromic  acid  crystals,  following  which 
radium  was  applied. 


may  be  curetted  and  then  radiated  in- 
tensively with  good  results.  The  so-called 
melanosarcoma  is  exceedingly  resistant 
to  radiotherapy.  The  more  pigment 
present,  the  more  resistant  the  lesion  is. 
Usually  the  indi\  idual  lesions  do  not 
respond  at  all  to  therapy,  and  even  if  they 
do,  distant  metastases  are  the  rule.  Many 
of  the   reported   cures  of  melanosarcoma 
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are  probably  errors  in  diagnosis,  and  the 
lesions  which  were  treated  were  fibrous 
nevi  with  increasing  pigmentation. 

In  Table  I,  we  have  divided  the  cases  of 
basal-ceiled  epithelioma  into  three  classes. 
The  first,  which  is  by  far  the  most  common, 
is  the  small  superficial  type  of  lesion.  This 
occurs,  for  the  most  part,  in  cases  which 
could  be  cured  readily  by  a  number  of 
other  methods,  but  in  which  radiotherapy 
is  chosen  as  producing  the  best  cosmetic 
result.  The  second  division  includes  the 
more  extensive  lesions  which  have  not, 
however,  involved  the  deeper  structures. 
The  third   class  includes  those  in  which 


i' 

^ 

^ 

Fig.  8.  Squamous-celled  epithelioma  of  the  face. 
Treated  by  insertion  of  bare  tubes  plus  intensive 
surface  applications. 

cartilage  or  bone  was  involved,  or  those  in 
which  the  growth  extended  down  into  the 
orbit.  A  fairly  large  number  of  lesions 
were  curetted  before  being  radiated.  Those 
classified  as  clinically  cured  were  not,  in  all 
cases,  cleared  by  a  single  course  of  radia- 
tion. Quite  a  number  of  them  recurred 
after  insufficient  treatment  and  were 
retreated.  They  reacted  as  satisfactorily  to 
radiation  as  before  in  every  case.  Those 
classified  as  still  under  treatment  have 
been  stubborn,  and  have  been  treated 
repeatedly,  but  they  are  lesions  that  we 
still  expect  to  cure,  often  with  the  aid  of 
curettage.  Those  recently  treated  have 
not  been  included  in  this  table.  The 
failures  are  ])atients  who  ha\e  passed  out 


of   our    hands,    or    have    died    while    still 
showing  evidence  of  the  disease. 

Table  II  shows  the  number  of  squamous- 
celled  epitheliomata  which  we  ha\e  treated 
during  the  past  three  years,  indicating  the 
number  of  cases  which  have  responded 
well  primarily,  and  those  which  were 
failures.  The  time  is  too  short  to  consider 


Fig.  9.  Squamous-celled  epithelioma  of  the  face. 
Intensive  surface  applications  of  radium  were  used 
in  this  case. 

any  of  them  as  cured.  The  lesions  have 
been  divided  into  those  of  the  ear  and  those 
of  other  portions  of  the  glabrous  skin. 
Lip  cancers  have  been  purposely  omitted 
as  not  coming  within  the  scope  of  this 
paper.  The  lesions  classified  as  still  under 
treatment  are  lesions  which  have  cleared 
satisfactorily,  but  which  ha^■e  not  as  yet 
been  clear  for  six  months. 

Table  III  indicates  the  number  of 
sarcomata  of  the  skin  that  we  have 
attempted  to  cope  with.  We  ha\e  declined 
to  treat  a  number  of  melanosarcomas, 
having  found  the  lack  of  efficacy  of  radio- 
therapy in  these  cases.  The  two  small 
fibrosarcomata  which  we  ha%e  apparently 
cleared,    were    each    less    than     i    cm.    in 
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diameter,  and  both  of  them  were  curetted 
before  applying  radium.  The  larger  lesions 
cleared  apparently  for  a  time  and  then  got 
out  of  hand. 

Our  experience  has  convinced  us  that 
radium  therapy,  combined  in  appropriate 
cases  with  other  methods,  is  the  most  satis- 
factory for  cutaneous  malignancies. 

Table  I 

BASAL-CELLED    EPITHELIOMATA 


Num- 
ber of 
cases 


Clinical 

cures. 

under 

one 

year 


Clinical 

cures. 

over 

one 

year 


Still 
under 
treat- 
ment 


Small  and  superiicial. .  . 
Extensive  and  superfi- 
cial  

Deep 


28 

32 


Total 32 


9 

113 


165 

15 
6 

1 86 


Fail- 
ures 


Table  II 

SQUAMOUS-CELLED    EPITHELIOMATA 


Num- 
ber of 
cases 


Clin- 
ically 
clear, 
over  six 
months 


Still 
under 
treat- 
ment 


Failures 


Lesions  of  the  ear 28 

Lesions  in    other  loca- 
tions on  the  skin 11 

Totai 39 


15 

4 

5 

I 

— 

— 

20 

i 

0 
5 

14 


Table  III 

CUTANEOUS    SARCOMATA 

Num- 
ber of 
cases 

Clin- 
ically 
clear, 
over  six 
months 

Failures 

iMelanosarcomata 4 

Fibrosarcomata,  small 2 

Fibrosarcomata,  large 4 

Total 10 


0 

4 

2 

0 

0 

4 

DISCUSSION 

Dr.  Stevens.  If  any  one  thing  is  established, 
I  tiiink  It  is  the  radiation  treatment  of  superfi- 
cial malignancies.  No  doubt  we  get  as  good 
results,  and  I  think  better  results,  by  this  than 
by  any  other  method,  such  as  operation.  Of 
course,  it  depends  upon  the  type  of  growth  as  to 

•  This  discussion  has  reference  to  the  paper  by  Dr.  Quigley. 
which  appeared  in  February,  as  well  as  to  the  above. 


how  it  should  be  treated.  Basal-cell  carcinoma 
of  the  skin  will  probably  respond  to  almost  any 
treatment.  Operations  probably  give  80  to  90 
per  cent  of  cures,  and  radium  will  do  the  same,  I 
think  there  is  very  little  difference  between 
radium  and  x-ray.  In  squamous-celi  carcinoma 
the  chances  of  success  are  much  less,  and  in 
those  I  feel  that  we  need  the  combination  of 
radium  and  .v-ray,  because  of  the  danger  of 
metastasis.  The  neighboring  glands,  certainly 
in  every  case  of  squamous-cell  carcinoma, 
should  be  rayed. 

I  noted  in  Dr.  Quigley 's  paper,  in  speaking  of 
cancer  of  the  lip,  he  said  nothing  of  radiation  of 
the  glands  of  the  neck.  I  would  like  to  know 
whether  he  carries  this  plan  out,  or  whether  he 
simply  treats  the  local  growth.  It  has  been  our 
custom,  in  these  cases,  to  give  the  glands  of  the 
neck  a  deep  .v-ray  radiation  along  with  the 
radium     radiation     of    the    primary    growth. 

In  melano-epitheliiima  the  results  are  not  so 
satisfactory,  although  Dr.  Quigley  reports 
several  very  good  results.  In  reporting  the  case 
involving  the  eye  alongside  of  the  iris,  he 
reminded  me  of  a  case  I  had  some  ten  years  ago. 
The  case  had  been  operated  upon  and  a  micro- 
scopic examination  made,  and  the  growth 
returned.  It  was  reported  melanosarcoma.  The 
patient  was  referred  to  me  by  the  surgeon  who 
operated,  I  treated  the  growth  with  .v-ray,  and 
it  cleared  up.  I  have  not  heard  from  the  patient 
for  seven  or  eight  years. 

In  cancer  of  the  penis,  I  have  treated  3  cases, 
in  one  of  which  there  was  involvement  of  the 
glands  in  the  groin  and  suprapubic  region.  This 
was  a  very  extensive  case  of  squamous-cell 
carcinoma.  I  radiated  the  glands  in  the  groin 
and  suprapubic  region  with  deep  .v-ray  therapy, 
as  deep  as  we  knew  how  to  give  at  that  time 
(this  was  seven  years  ago)  using  4  mm.  of  glass 
and  a  piece  of  sole  leather,  and  cross-firing 
from  several  ports.  Then  I  gave  a  very  heavy 
dose  of  .v-ray  to  the  penis,  immediately  after 
which  I  sent  the  case  to  the  surgeon.  The  penis 
was  amputated  and  I  gave  postoperative  radia- 
tion for  two  months.  The  patient  is  well  today. 
The  other  cases  had  similar  radiation  treatment 
followed  by  operation  and  arc  well  after  two 
and  four  years. 

When  cancer  of  the  face  involves  the  peri- 
osteum, I  have  not  been  verj-  successful  with 
.v-ray  or  radium  alone,  but  have  found  that  by 
combining  electrocoagulation  with  radium  I 
get  very  good  results. 

A  sequestrum  will  have  to  be  surgically  dealt 
with  later  in  these  cases,  but  the  final  results 
are  often  very  satisfactory. 

Dr.  Panco.\st.  One  point  in  Dr.  Quigley 's 
paper  which  I  wish  to  discuss  is  the  treatment  of 
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epitheliomas  involving  the  orbit.  He  said  that 
as  a  rule  they  do  not  get  well  when  the  orbit 
is  beginning  to  be  involved.  I  thmk  in  such  cases 
it  is  a  question  of  sacrificing  the  eye  or  the 
patient.  We  find  in  these  cases  that  when  the 
eye  itself  is  involved,  and  there  is  no  chance  to 
save  it,  the  sooner  it  is  removed  the  better, 
for  then  one  has  an  opportunity  to  reach  the 
point  of  extension  into  the  orbit. 

Dr.  T.  C.  Kennedy.  No  case  of  cancer  of 
the  lip  should  be  operated  upon  until  radium 
has  been  thoroughly  tried.  If  radium  is  used  m 
cancer  of  the  lip,  by  a  thorough  technician, 
there  will  be  but  few  cases  to  go  to  the  surgeon. 

Pre-operative  radiation  has  been  advised, 
but  if  this  is  given,  more  than  60  per  cent  will 
be  cured,  and  very  few  of  the  balance  will  be 
found  fit  subjects  for  operation. 

In  all  cases,  the  glands  should  be  thoroughly 
radiated.  The  cosmetic  results  from  raduim  are 
far  superior  to  those  from  surgery,  which  is  an 
important  consideration. 

Dr.  L.'MN.  I  do  not  wish  to  give  a  part  of 
the  paper  which  I  am  to  present  later  to  the 
section  of  dermatology  of  the  A.M. A.,  but  1 
wish  to  discuss  this  important  phase  of  super- 
ficial epitheliomas  of  the  lip.  I  fully  appreciate 
what  the  authors  have  said  about  the  apparent 
ease  of  curing  superficial  epitheliomas  in  certain 
places,  but  for  fear  some  one  inexperienced  in 
this  line  of  work  may  get  the  impression  that 
they  are  all  easy,  I  think  we  should  stress  the 
point  that  it  is  necessary  to  forestall  metastasis 
by  deep  .v-ray  or  a  radium  pack  to  the  common 
metastatic  regions.  In  my  paper  I  have  reported 
97M  per  cent  cures  in  group  No.  i.  Two 
of  the  failures  were  due  to  our  early  inexperi- 
ence, or  lack  of  treatment  of  the  submental 
and  submaxillary  glands.  I  do  not  think  it  is 
fair  to  classify  all  cases  of  epithelioma  into  a 
general  group  and  declare  a  certain  percentage 
of  cures  and  a  certain  percentage  of  failures. 
The  superficial  type  of  epithcliomata  of  the  lip, 
those  not  already  involving  the  mucous  mem- 
brane, will  nearly  all  get  well  without  raying 
the  submental  or  submaxillary  glands;  but  this 
is  not  true  of  any  of  those  that  involve  the 
mucous  membranes,  are  deeply  infiltrated,  or 
are  adjacent  to  an  abundant  lymph  drainage. 
\'ou  must  forestall  this  class  of  cases  by  treat- 
ing   thoroughly    the    regions    mentioned,    and 


wiien  you  do,  you  will   materially  raise  your 
percentage  of  cures. 

Dr.  Cole.  I  do  not  know  the  experience  of 
others,  but  we  find  that  the  eyes  are  rather 
sensitive  to  both  -v-rays  and  radium.  I  do  not 
claim  any  credit  for  originating  this  method  of 
treatment,  for  I  noted  it  in  the  Annals  of 
Ophthalmology.  In  all  cases  involving  the  lids 
we  have  a  little  brass  ovoid  i  cm.  thick  which 
we  first  immerse  in  paraffin,  then  we  cocainize 
the  eye,  fill  the  eye  cavity  with  petrolatum 
liquidum,  and  slip  this  ovoid  in  under  the  lids. 
We  can  then  ray  the  lids  without  any  irritation 
oi  the  eyeball  itself.  I  think  this  is  a  point  well 
worth  remembering. 

Dr.  Pfahler.  I  n  these  cases  of  epithelioma 
that  have  invaded  the  ear  or  the  nose,  I  think 
we  can  get  them  all  well  if  we  do  electrocoagula- 
tion. In  the  case  the  doctor  reported  with 
involvement  of  the  cartilage  of  the  ear,  I  think 
if  he  would  add  electrocoagulation  he  would 
cure  it.  In  the  pigmented  melanoma,  I  have 
never  seen  a  case  so  treated  that  has  recurred, 
or  become  malignant. 

Dr.  Quiglev  (closing  discussion).  First, 
in  regard  to  glands  in  lip  cases:  When  I  started 
in  with  this  work  nine  years  ago  we  did  not 
know  as  much  about  it  as  we  do  today,  so  we 
did  not  ray  the  glands.  I  have  been  raying 
glands  for  a  couple  of  years,  and  believe  it  is 
the  right  thing  to  do.  I  think  we  will  get  a  better 
percentage  of  cures  when  we  do  this  thoroughly 
and  routinely. 

In  regard  to  melanomata  and  the  metastasis 
in  these  melanotic  growths:  The  latter  are 
exceedingly  widespread,  they  occur  by  way  of 
the  lymph-vessels  and  blood-vessels  both,  and 
they  occur  early.  So  I  believe  it  has  come  to  be 
quite  commonly  accepted  that  no  cases  of  mela- 
nomata are  cured.  It  is  a  question  of  destroying 
them  while  they  are  still  local.  Some  of  them 
do  grow  quite  large  before  any  metastasis 
takes  place.  Some  metastasize  early  and  grow- 
rapidly.  The  thing  that  causes  the  pigmented 
mole  to  grow  a  while  before  changing  into  a 
malignant  growth  is  usually  some  irritation, 
something  which  is  operating  to  produce  metas- 
tasis, and  in  most  cases  we  get  metastasis. 
But  if  we  can  get  the  malignant  mole  before 
metastasis  has  taken  place,  we  can  cure  the 
patient. 
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I^HE  success  of  the  radiological  treat- 
ment of  the  deeply  located  cer\'ical 
carcinomata  depends  on  the  solution  of  the 
problem:  Is  it  possible  to  send  into  the 
interior  of  the  true  pelvis  a  dose  of  rays 
which  is  lethal  to  carcinoma  tissue,  yet 
will  not  cause  permanent  injuries  to  the 
healthy  tissues  and  organs  lying  within 
the  paths  of  the  rays?  The  organs  are  the 
bladder,  the  rectum  and  the  intestines. 

The  problem  may  be  solved  by 
determining: 

1.  The  intensities  of  the  .v-rays  and 
gamma  rays  of  radium  for  the  various 
distances.  Thereby  we  are  enabled  to 
obtain  the  intensities  of  x-rays  and  gamma 
rays  and,  by  a  summation  of  these,  the 
combined  intensities  at  all  points  within 
the  area  of  the  body  traversed  by  the  rays. 

2.  A  unit  of  dose  which  is  based  on  a 
biological  reaction.  It  is  composed  of  the 
intensity  and  the  time  duration  of  the 
application  of  the  rays. 

3.  A  lethal  carcinoma  dose  expressed  in 
value  of  the  biological  unit  of  dose. 

4.  A  technique  of  treatment  based  on 
the  intensity  of  the  rays,  the  biological 
unit  of  the  radiation  dose,  and  the  lethal 
carcinoma  dose. 

I.  The  Determination  of  Ray  Intensities. 
The  intensities  of  x-rays  are  determined  by 
the  ionization  method.  \Vc  use  the  follow- 
ing factors  for  the  production  of  the  x-rays: 
A  crest  kilovoltage  of  200  measured  at  the 
tube  terminals  with  a  sphere-gap  of  12.5 
cm.  balls;  a  focus  skin  distance  of  50  cm.; 
a  fdter  of  i.o  mm.  Cu.  plus  i.o  mm.  Al.; 
a  field  of  20  to  30  cm.  square;  a  milliamper- 
age  of  5  and  a  large  Coolidge  treatment 
tube.  The  ionization  chamber  is  placed  on 
the  surface  of  a  water,  parafiin  or  balsam- 
wood  phantom,  so  that  one-half  of  the 
chamber  is  immersed  in  the  phantom.  The 
time  is  taken  within  which  the  ionization 
of  the  air  in  the  chamber  by  the  rays  causes 
a  discharge  of  the  charged  electrometer. 


The  ionization  chamber  is  next  placed  at  a 

depth  ot  10  cm.  from  the  surface.  The  time 

is    again    ascertained    within    which    the 

electrometer  is  discharged. 

The  intensity  at  the  surface  is  expressed 

in   the   time   consumed    to   discharge   the 

electroscope,    i.e.,    Iq    is    14.2";    and    the 

intensity  at  10  cm.  deep  in  the  same  way, 

i.e.,    Iio  is  29.6".  If  we  place  Iq  arbitrarily 

,         ,  14.2 

at  100    per   cent   then  1,0    =  — -7.  100  = 

29.6 

48  per  cent.  The  logarithmic  graph  of 
these  .v-rays  which  are  practically  homo- 
geneous is  a  straight  line.  Hence,  if  we 
know  the  logarithmic  values  of  two  points 
of  the  straight,  we  know  the  values  at  any 
point.  The  logarithm  of  100  is  2.0,  and 
that  of  48  is  1.68.  The  logarithmic  values 
are  entered  on  coordinates.  The  abscissae 
present  centimeters  and  the  ordinates  the 
logarithmic  values  to  the  right  and  the 
per  cent  values  of  the  intensities  to  the  left. 
A  line  is  drawn  from  2.0  through  1.68.  The 
natural  numbers  are  read  off  at  each  centi- 
meter. They  represent  the  per  cent  of  the 
intensity  at  each  centimeter.  We  are  now 
able  to  construct  the  absorption  graph  seen 
in  II,  Figure  i. 

The  intensities  of  gamma  rays  of  radium 
are  also  obtained  with  the  ionization 
method.  We  employ  a  chamber  of  the 
capacity  of  0.5  c.c.  and  a  gold-leaf  electro- 
scope. The  conductors  are  constructed  of 
brass  tubing  and  a  copper  wire  insulated 
with  c.p.  powdered  sulphur  and  amber 
supports  at  the  ends. 

The  quality  of  gamma  rays  depends  on 
these  factors:  The  amount  of  radium,  the 
size  and  form  of  the  capsules,  the  filters,  the 
distance  and  whether  the  radium  is  applied 
to  the  surface  of  the  skin,  i.e.,  superficially, 
or  within  the  tumor,  i.e.,  intratumorally. 
In  cervical  carcinomata  the  insertions  are 
intrauterine;  hence  we  will  only  consider 
the  intensities  applied  intratumorally.  We 
placed  two  radium  capsules  each  of  2y  mg. 

Sept.  12-16,  1022. 


•  Read  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Society.  Los  Angeles.  Calif, 
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element  in  a  brass  filter  of  1.5  mm.  arranged 
as  seen  in  Figure  3.  The  intensities  are 
determined  for  each  centimeter  in  the 
directions  a,  b  and  c,  and  corrected  by  the 
undesired  radiation. 

We  then  plotted  the  graphs  of  intensities 
seen  in  Figure  2.  From  these  we  constructed 
the  isodoses  or  equal  intensity  curves  seen 
in  Figure  3  by  simply  placing  the  distances 
measured  in  the  directions  a,  b  and  c  at 
100,  60,  40,  20,  10,  5  and  2.j  per  cent  on  a 
plane.'  We  then  had  patterns  made  from 
each  one  of  these  equal  intensity  curves. 
If  we  draw  a  median  longitudinal  section 


duration  of  the  application.  The  quality 
of  the  gamma  rays  is  also  known  by 
observing  the  factors  given  before  and 
the  quantity  of  the  gamma  rays  by  the 
time  duration  of  the  application,  usually 
expressed  in  milligram  element  hours. 

It  is  self-evident  that  \arious  thera- 
peutists will  obtain  the  erythema  skin 
dose  (E.S.D.)  within  variable  time 
durations  of  applications,  even  though 
the  quality  of  the  rays  be  the  same. 
Red  is  red.  One  might  consider  a  light 
red  a  complete  reaction,  another  one 
a    deep    red     followed     by  desquamation 
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Fig.  I.  By  means  of  these  graphs  the  per  cent  values  c; 

in  natural  size  from  measurements  taken  of 
the  patient,  and  enter  thereon  the  x-ray 
beams  and  their  Intensities  and  the  equal 
intensity  curves  of  radium,  we  know  the 
Intensities  of  either  one  and  the  combined 
intensities  at  any  place  within  the  pelvls' 
(Flgs.  4  and  5). 

2.  The  Biologic  Unit  of  Dose.  If.\-rays 
or  gamma  rays  are  applied  to  the  human 
skin  and  the  skin  surface  exhibits  an 
erythema  alter  fourteen  to  twenty-eight 
days,  we  have  given  an  erythema  skin  dose. 
Using  the  same  quality  and  quantity  of 
radiations,  we  can  reproduce  the  erythema 
skin  dose  at  will.  The  quality  of  .v-rays 
is  determined  by  the  factors  enumerated 
above,     and     the    ciuantity     by    the  time 


f  .\-ray  intensities  may  be  read  oil  for  each  centimeter. 

of  the  superficial  layers  of  the  skin. 
Again,  one  transformer  may  give  a 
full  erythema  skin  dose  within  a  shorter 
time  than  another.  To  eliminate  such 
discrepancies  it  becomes  necessary  to 
employ  standardized  measuring  instru- 
ments. With  the  iontoquantimeter  we 
can  determine  the  time  duration  of  an 
application  of  rays  to  obtain  a  definite 
biological  effect.  Our  instrument  Indicates 
an  lo  from  the  .v-rays  in  14.2"  using 
the  factors  enumerated  before.  If  we 
change  any  one  of  the  factors  wc  obtain 
ditlcrent  values  for  lo.  If  the  \alue  of 
lo  is  multi|3llcd  with  the  factor  6.32, 
we  obtain  a  number  indicating  the  number 
of  minutes  the  patient   must  be  exposed 
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to  obtain  a  skin  dose.  Multiplying   14.2  A  celluloid  box  6  cm.  square  and  6  cm. 

with   the   factor  6.32   we   obtain   90.   We  high  was  filled  with  water.  The  radium 

use  5  ma.,  hence  the  milliampere  minutes  carrier  was  kept  at  a  distance  of  i   cm. 

amount  to  450.  This  value  gives  the   full  between    the    bottom    and    the    outside 

100  per  cent  erythema  skin  dose.  of   the    filter.    This    corresponds    to    the 
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The    E.S.D.    of    the    gamma    rays    of  isodose  60.  The  time  duration  of  applica- 

the    two    radium    capsules    filtered    with  tion  to  obtain  a  100  per  cent  E.S.D.  was 

1.5    mm.    brass    and    placed    as    seen    in  twenty-four  hours,  or   1,200  mg.  el.  hrs. 

Figure  3  has  been  determined  as  follows:  From  these  values  the  following  100  per 
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cent  E.S.D.  may  be  calculated  for  each  one 
of  the  isodoscs: 


give  a  1 30  per  cent  E.S.D.  The  result  will  be 
a  bhstering  of  the  surrounding  skin.  Six  to 


Isodosc  100. o  100  per  cent  E.S.D.     14  hrs. 

Isodose  60.0  100  per  cent  E.S.D.    24  hrs. 

Isodosc  40.0  100  per  cent  E.S.D.     36  hrs. 

Isodose  20.0  100  percent  E.S.D.     72  hrs. 

Isodose  10  o  100  per  cent  E.S.D.   144  hrs. 

Isodose  5.0  100  per  cent  E.S.D.  288  hrs. 

Isodose  2a  5  100  per  cent  E.S.D.  576  hrs. 


24  min. —      712  nig.  el.  hrs. 

—  1,200  mg.  el.  hrs. 

—  1,800  mg.  el.  hrs. 

—  3,600  mg.  el.  hrs. 

—  7,200  mg.  el.  hrs. 
— 14,400  mg.  el.  hrs. 
— 28,800  mg.  el.  hrs. 


Knowing  the  E.S.D.  in  values  of  time 
duration  of  application  or  mg.  el.  hrs. 
for  one  of  the  isodoses,  we  can  calculate 
the    same    factors    for    all    the    isodoses. 

If  we  apply  a  lOO  per  cent  E.S.D. 
to  one  of  the  isodoses,  we  can  also  calculate 
the  intensities  applied  within  the  same 
time  to  all  the  other  isodoses.  Let  us 
assume  that  we  applied  the  radium  for 
thirty-six  hours,  i.e.,  we  have  given  a  full 
E.S.D.  to  isodose  40.  Hence 


eight  weeks  later  the  cancer  has  dis- 
appeared and  the  skin  is  regenerated.  A 
whitish  discoloration  and  telangiectases  are 
the  sole  evidences  of  the  more  intensive 
radiation.  However,  if  about  a  200  per 
cent  E.S.D.  is  applied,  the  cancer  will 
become  replaced  by  a  radiation  ulcer  which 
may  heal  under  proper  treatment  or  resist 
all  forms  of  treatment.  If  the  ulcer  persists 
it  must  be  excised  and  covered  with  a 
pedicled  flap  of  skin.^ 


Isodose  40.0  =  application  36  hrs.  =  1,800  mg.  cl. 

Isodose  60.0  =  application  36  hrs.  =  1,800  mg.  el. 

Isodose  100. o  =  application  36  hrs.  =  1,800  mg.  el. 

Isodose  20.0  =  application  36  hrs.  =  1,800  mg.  el. 

Isodosc  10  o  =  application  36  hrs.  =  1,800  mg.  el. 

Isodose  5.0  =  application  36  hrs.  =  1,800  mg.  cl. 

Isodose  2.5  =  application  36  hrs. 


hrs.  =   100.00  per  cent  E.S.D. 

hrs.  =   150.00  per  cent  E.S.D. 

hrs.  =  250.00  per  cent  E.S.D. 

hrs.  =     50.00  per  cent  E.S.D. 

hrs.  =     25.00  per  cent  E.S.D. 

hrs.  =     12   5     per  cent  E.S.D. 

=  1,800  mg.  cl.  hrs.  =       6.25  per  cent  E.S.D. 


Or  we  may  intend  to  apply  a  25  per 
cent  E.S.D.  at  isodose  60.  We  obtain 
this  intensity  within  six  hours,  i.e.,  300 
mg.  el.  hrs.,  as  100  per  cent  are  obtained 
in  twenty-four  hours  or  i  ,200  mg.  el.  hrs.  The 
intensities  obtained  at  the  other  isodoses 
with  the  50  mg.  ra.  le.  within  the  same 
time  are: 

At  60.025.0    per  cent  E.S.D.  within  6  hrs.  or  300  mg.  el.  hrs. 

At  100  .0  41 .65  per  cent  E.S.D.  within  6  hrs.  or  300  mg.  el.  hrs. 

At  40.0  16  .66  percent  E.S.D.  within  6  hrs.  or  300  mg.  el.  hrs. 

At  20.0    8  .33  percent  E.S.D.  within  6  hrs.  or  300  mg.  el.  hrs. 

At  10. o    4. 16  percent  E.S.D.  within  6  hrs.  or  300  mg.  el.  hrs. 

At  5.0    2.8    per  cent  E.S.D.  within  6  hrs.  or  300  mg.  el.  hrs. 

At  2.5    1.4    per  cent  E.S.D.  within  6  hrs.  or  300  mg.  el.  hrs. 

Friedrich  has  obtained  different  \alues 
for  the  E.S.D. ^  Thev  are: 


Applying  the  E.S.D.  to  mouth  carcino- 
mata,  as  the  tongue,   the  buccal  mucosa, 


1,000  mg.  el.  hrs.,  or  20  hours 
1,633  nig-  el.  hrs.,  or  35  hours 
2,500  mg.  el.  hrs.,  or  50  hours 
5,000  mg.  cl.  hrs.,  or  100  hours 
10,000  mg.  el.  hrs.,  or  200  hours 


At  1 00.0 

At  60 .  o 

At  40.0 

At  20 .  o 

At  I  o .  o 

At  5 .  o — 20,000  mg.  el.  hrs.,  or  400  hours 

At  2.5 — 40,000  mg.  el.  hrs.,  or  800  hours 


3.  The  Carcinoma  Dose.  An  application 
of  an  E.S.D.  of  gamma  raysor.v-rays  to  a  skin 
cancer  will  cause  the  tumor  to  disappear,  in 
the  majority  of  cases.  The  healing  is  com- 
l^lcted  within  three  to  six  weeks.  The  skin 
assumes  a  normal  condition.  Wc  can  safeK' 


Fig.  3.  Patterns  made  of  these  equal  intensity  curves 
may  be  drawn  in  transverse  or  longitudinal  sections 
of  the  pelvic  organs.  Thus  we  know  the  correct 
iiUcnsitics  of  the  gamma  rays  through  the  pelvis. 
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recedes  completely;  however,  recurrences 
are  frequent.  This  is  probably  due  to  the 
fact  that  these  regions  are  subjected  to  the 
normal  functions  of  the  body.  This  causa- 
tive irritation  soon  excites  a  recurrence. 
Hence  it  is  advisable  to  remove  such  carcino- 
mata  with  surgical  coagulation  following 
radiation  treatment,  if  we  wish  to  obtain 
permanent  results.  If  the  glands  of  the 
neck  and  jaws  are  subjected  to  such  inten- 
sive radiations,  the  secretions  of  important 
glands  arc  destroyed,  due  to  the  destruction 
of  these  organs.  They  are  chiefly  the 
pituitary,  parotid,  submaxillary,  sublin- 
gual, thyroid  and  parathyroid  glands. 
The  patient,  after  an  apparent  recovery, 
begins  to  fail  in  health.  Not  a  sign  of  the 
former  carcinoma  may  be  present.  Yet  the 
patient  succumbs  to  a  progressive  emacia- 
tion. The  balance  of  the  endocrinal  system 
has  been  disturbed,  and  the  patient  can- 
not live.'' 

We  may  apply  a  full  dose  to  a  chest  can- 
cer. The  patient  may  exhibit  signs  of  a 
radiation  toxemia;  the  blood  changes  also 
may  be  pronounced.  Yet  the  intensity  of 
these  reactions  is  seldom  dangerous  to  life. 
If  we  give  radiation  treatment  to  the 
abdominal  cavity,  important  glandular 
structures  are  traumatized,  such  as  the 
adrenals  and  the  pancreas.  We  should 
always  attempt  to  protect  one  of  the 
adrenals  by  superimposing  a  sheet  of  lead 
over  one  of  the  renal  areas,  especially  it 
we  treat  a  pyloric  carcinoma.  This  is 
accomplished  by  tilting  the  patient  towards 
the  left.  We  then  can  avoid  the  right 
adrenal  gland.  Toxemia,  vomiting  and 
diarrhea,  also,  are  pronounced.  They  result 
from  the  direct  action  of  the  rays  on  the 
gastrointestinal  tract  and  the  indirect 
action  of  the  rays  producing  toxic  sub- 
stances liberated  by  the  action  of  the  rays 
on  the  cells.  The  latter  are  a  gastrointes- 
tinal poison.  Weeks  pass  by  before  the 
patient  regains  a  tolerable  state  of  health. 
During  this  period  he  cannot  activate  the 
defensive  forces  necessary  to  increase  the 
avidity  of  the  normal  cells,  thus  enabling 
the  latter  to  absorb  the  degenerating  car- 
cinomatous neoplasm.  The  stomach  and 
intestines  are  also  subjected  to  the  same 
causative  irritations,  i.e.,  the  normal 
physiological    i unctions,    unless    we    can 


exclude  the  diseased  part  from  the  gastro- 
intestinal tract  by  surgical  intervention, 
as  gastrojejunostomy,  enteroenterostomy, 
colostomy,  etc.  The  conditions  in  the 
urinary  tract  are  identical  with  those  in 
the  gastrointestinal  tract.  The  changes  in 
the  blood  also  might  be  very  severe,  but 
could  be  overcome  by  transfusions  of  whole 
blood. 

These  detrimental  factors  are  not  found 
in  uterine  carcinomata.  Important  ductless 
glands  are  not  located  within  the  radiation 
fields,  except  the  ovaries.  The  uterus  is 
destroyed,  ovulation  and  sexual  activity, 
i.e.,  the  physiological  functions  cease. 
The  fields  of  radiation  must  be  just  large 
enough  to  cover  the  small  pelvis,  thus  to 
reduce  the  injuries  to  the  blood  stream 
and  intestinal  mucosa.  Still  we  observe 
toxemia  and  leukopenia,  at  times  of  an 
alarming  degree.  On  the  whole,  however, 
the  patient  recovers  and  progresses  to 
perfect  health.^ 

These  facts  are  stated  to  impress  you 
with  the  importance  of  practicing  an  exact 
dosation.  When  applying  the  roentgen 
rays,  the  field  must  be  just  large  enough  to 
cover  the  diseased  area.  The  rays  are 
dangerous,  and  we  must  not  employ  them 
promiscuously.  We  should  not  apply  more 
than  450  to  600  ma.  min.  of  a  200  kv. 
radiation,  or  radium  above  an  erythema 
skin  dose  beyond  the  isodose  40,  and  much 
smaller  amounts,  if  x-rays  and  gamma  rays 
are  being  used  in  combination.  The  car- 
cinoma should  be  destroyed  with  the 
smallest  lethal  dose  that  will  do  the  work. 
By  the  combined  use  of  .v-rays  and  gamma 
rays  we  are  able  to  reduce  the  time  of 
application  of  either  agent.  The  systemic 
intoxication,  the  injuries  to  healthy  tissues 
and  organs  and  the  destruction  of  blood 
corpuscles  are  kept  at  a  minimum.  A 
smiple  calculation  will  demonstrate  that 
we  would  have  to  increase  the  milliam- 
pere  minutes  of  .\-rays  up  to  100  per  cent 
to  obtain  a  130  per  cent  E.S.D.  at  the 
cervix.  We  must  use  from  750  to  900  ma. 
minutes  over'each  field,  i.e.,  the  anterior 
and  the  posterior  field.  The  technique  of  the 
combined  radiations,  therefore,  reduces  the 
time  of  .v-ray  exposure  at  least  50  per  cent. 

The  greatest  danger  from  radium  is  its 
local    destructive   effect.    This    absolutelv 
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prohibits  exposures  that  could  destroy 
carcinoma  tissue  beyond  a  radius  of  2.5 
cm.  Again  the  time  duration  of  the  applica- 
tion of  radium  can  be  kept  within  safe 
limits  by  the  technique  of  the  combined 
radiation. 

It  therefore,  is  our  custom  to  apply  the 
.\-ray  so  to  obtain  a   120  to   130  per  cent 


of  the  tumor.  We  must  concede  that  the 
basal-celled  epithelial  cancer  reacts  more 
rapidly  to  radiations  than  the  hornifying 
epithelioma,  the  cylindrical  epithelial  cell 
growth  or  the  adenocarcinoma.  The  medul- 
lary carcinoma  responds  much  sooner  to 
radiations  than  the  scirrhus  type.  The 
former    is    composed    almost    totally    of 
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Fig.  6.  The  application  of  the  problem  in  actual  practice.  The  uterus  is  in  antevcrsion. 


E.S.D.  on  the  skin  over  each  one  of  the 
two  ports  of  entry  and  supply  the 
deficiency  within  the  region  of  the  uterus 
by  such  a  gamma  ray  dose  that  a  homeo- 
geneity  of  no  to  130  per  cent  E.S.D.  is 
obtained  within  the  area  radiated,  though 
the  uterus  might  receive  a  much  higher 
dose  with  impunity. 

In  the  preceding  paragraphs  I  have  not 
referred  to  the  variations  in  radiosensi- 
bility  of  carcinomata  which  are  dependent 
on  the  epithelial-cell  type  and  the  abun- 
dance of  the  connection  tissue  frame-work 


embryonal  cells,  and  the  latter  exhibits  a 
varying  proportion  of  adult  differentiated 
tissue. 

However,  a  lethal  carcinoma  radiation 
dose  exists  which  will  cause  degeneration 
and  recession  of  the  cancer  in  the  greater  ma- 
jority of  cases  subjected  to  this  treatment. 

4.  The  Techinque.  The  uterus  is  con- 
tained within  the  true  bony  pelvis.  The 
widest  extent  of  the  carcinoma  may  be 
assumed  to  be  confined  to  this  space.  If 
the  inferior  and  superior  lumbar  lymph- 
nodes  are  involved,  the  cancer  disease  has 
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become  generalized.  Such  a  case  is  hopeless. 
The  axis  of  the  uterus  corresponds,  in  most 
instances,  to  the  axis  of  the  true  bony 
pelvis.  The  cervix  lies  in  a  straight  line 
drawn  vertically  through  the  superior  ramus 
of  the  symphysis  pubis  and  posteriorly 
through  the  sacrococcygeal  synchondrosis. 
The  axes  of  the  .v-ray  beams  should 
lie    within    this    line.    We    determine   the 


measure  the  anteroposterior  diameter 
and  the  depth  of  the  cer\ix.  The  length 
and  inclination  of  the  uterus  are  deter- 
mined by  a  flexible  uterine  probe. 
The  results  of  these  measurements  are 
plotted  on  centimeter  paper  fsee  Fig.  6). 
We  enter  in  column  i,  the  centimeters;  in 
column  2,  the  .\'-ray  intensities  given 
through  the  anterior  field  for  each  centi- 
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Fig.   7.   Another  example.   1  lowcvcr,   the   uterus  is  in  retroversion. 


anteroposterior  diameter  of  the  pelvis 
oi  the  patient.  It  varies  from  15  to 
26  cm.  Values  lower  or  higher  than 
these  are  the  exception.  About  60  per  cent 
of  women  have  anteroposterior  diameters 
of  18  to  21  cm.  We  also  locate  the  position 
ot  the  cervix  by  measuring  its  distances 
from  the  anterior  abdominal  wall  and  the 
perineum.  The  former  distance  is  mostly 
two-thirds  of  the  total  anteroposterior 
diameter.    We    use  a   modified    pel\  imeter 


meter  by  means  of  graph  11  in  Figure  r; 
in  column  3,  the  .v-ray  intensities  gi\en 
through  the  posterior  field;  and  in  column 
4,  the  sum  of  .v-ray  intensities  obtained  at 
each  centimeter  with  both  beams. 

We  then  draw  the  radium  capsule  in  an 
exact  position  in  the  uterine  canal  and  b\ 
means  of  the  patterns  of  the  equal  inten- 
sity curves  we  enter  the  isodoses.  The 
posterior  bladder  wall  and  anterior  rectal 
wall   are   then   indicated    bv   the   stars   at 
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a  and  b.  The  loops  of  intestines  are  marked 
c,  c\  and  c'-;  a  and  b  are  usually  2.j  cm. 
distant  from  the  cervical  canal,  if  the 
bladder  and  rectum  are  empty.  If  the 
bladder  and  rectum  are  distencied,  they  are 
forced  closer  to  the  cer\ical  canal.  This 
must  be  avoided.  Hence  the  bladder  is 
kept  empty  by  the  use  of  a  retention 
catheter  and  the  rectum  by  castor-oil 
and  enemas  and  a  liquid  diet. 

The  posterior  bladder  wall  and  the 
anterior  rectal  wall  are  the  locations  mostly 
and  irreparably  traumatized  by  injudicious 
radiations.  The  maximum  dose  that  the 
vesical  and  rectal  mucosae  will  bear  with- 
out permanent  injuries  Is  130  per  cent  of  an 
E.S.D.  We  therefore  must  attain  a  dose  of 
130  per  cent  or  less  at  points  a  and  b.  The 
dose  should  not  exceed  this  limit,  under 
any  conditions.  0^■erdosation  causes  stric- 
ture of  the  rectum  and  contraction  of  the 
bladder,  resulting  in  \esical  and  rectal 
tenesmus,  and  frecjuently,  in  rectal  stric- 
ture and  bladder  contraction.  If  the  dose 
has  been  too  large,  necrosis  occurs  with  the 
formation  of  vesico-  and  recto-vaginal 
fistulae.  Such  results  cloud  the  success  of 
radiation  therapy.  The  patient,  though 
relie^'ed  of  the  cancer  disease,  has  exchanged 
her  primary  in\  alidism  for  another  one  of 
at  least  the  same  intolerability. 

The  .v-ray  dose  at  a  is  ~6  per  cent 
of  an  E.S.b.  and  at  b,  82.5  per  cent. 
The  additional  intensity  of  radium  to 
bring  the  dose  to  130  is,  therefore,  50 
per  cent.  Points  a  and  b  lie  about  midway 
between  isodoses  40  and  20  at  about  the 
isodose  30.  If  we  apply  a  100  per  cent 
E.S.D.  dose  with  gamma  rays  at  isodose  60, 
we  obtain  a  50  per  cent  E.S.D.  at  isodose 
30.  It  means  that  we  must  Insert  the 
radium  for  twenty-four  hours.  The  doses 
obtained  at  the  other  isodoses  are  as 
follows : 

At   isodose    60"  a' dose  of  100  per  cent  by  applying  1,200'ing. 

_  el.  hrs. 
At  isodose  100. 0  a  dose  of  166.5  per  cent 

At  isodose    40.0  a  dose  of  66.6  per  cent 

At  isodose    30.0  a  dose  of  50.0  per  cent 

At  isodose    20.0  a  dose  of  33.3  per  cent 

At  isodose    10,0  a  dose  of  16.7  per  cent 

At  isodose      5.0  a  dose  of  8.3  per  cent 

At  isodose      2.5  a  dose  of  4.2  per  cent 

The  combined  doses  at  each  centimeter 
are  entered  in  the  columns  to  the  right 
in  Figure  6,  demonstrating  that  with 
a    combined    use    of    radium    and    .v-ravs 


a  radiation  dose  can  be  administered 
destructive  to  the  uterus  and  the  car- 
cinoma without  Injury  to  the  neighboring 
healthy  organs  and  tissues.  The  doses 
beyond  a  and  b  anteriorly  as  well  as 
laterally,  are  always  smaller  than  the 
doses  at  these  points. 

Let  us  consider  another  case  of  cer\I- 
cal  carcinoma  In  which  the  uterus  lies 
in  retroflexion.  The  bladder  is  now  forced 
closely  on  the  vaginal  portion  of  the  cervix; 
the  fundus  compresses  the  rectum  pos- 
teriorly; the  intestines  lie  upon  the  an- 
terior surface  of  the  uterus.  We  force 
the  bladder  and  rectum  away  from  the 
cervix  by  distending  the  anterior  and  pos- 
terior vaginal  fornices  with  gauze  pads. 
The  small  bowels  are  so  close  to  the  radium 
capsule  (about  2  cm.,  i.e.,  the  thickness 
of  the  anterior  uterine  wall)  that  they 
probably  will  receive  too  large  a  dose. 
However,  even  if  a  perforation  should 
result,  the  peritoneal  adhesions  will  pro- 
tect the  patient.  The  liquid  chyle  has 
no  difficulty  to  pass  the  bowel,  should 
it  become  constricted.  The  solution  of 
such  a  problem  is  seen  in  Figure  7. 

SUMMARY 

1.  The  methods  for  the  determination 
of  the  intensities  of  .\-rays  and  gamma 
rays  ha^■e  been  described. 

2.  A  definition  of  the  biological  unit 
of  the  radiation  dose  has  been  given. 
It  is  designated  as  a  100  per  cent  E.S.D. 
This  dose  is  measured  with  an  ionto- 
quantlmeter,  that  is,  standardized.  The 
same  dose,  therefore,  may  be  reproduced 
for  all  qualities  of  rays. 

3.  The  lethal  carcinoma  dose  has  been 
determined.  It  is,  on  an  average,  from 
1 10  to  130  per  cent  of  an  E.S.D. 

4.  A  technique  has  been  developed, 
based  on  these  Investigations,  which  en- 
ables anyone  to  soKe  the  problem  of  the 
successful  treatment  of  cervical  carcino- 
mata  with  the  combined  use  of  .v-rays 
and  gamma  rays  of  radium. 
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DISCUSSION 

Dr.  Ernst.  I  think  it  has  been  a  privilege 
to  listen  to  the  paper  of  Dr.  Schmitz  and  also 
to  read  over  many  of  the  papers,  especially 
the  one  by  Dr.  Opitz  of  Berlin. 

In  looking  over  the  conclusions  it  does  seem, 
with  some  exceptions,  that  perhaps  the  best  we 
can  say  for  tlie  present  time  is  that  the  more 
intensive  present  methods  of  radiation  with  the 
more  homogeneous  rays  do  give  us  better 
results,  but  having  reached  this  conclusion  it 
seems  that  our  troubles  have  just  begun. 

Dr.  Schmitz'  work  is  certainly  commendable 
from  the  viewpoint  that  it  tries  to  give  more 
exactly  the  dose  W'e  ought  to  give  to  protect 
those  structures  which  perhaps  need  protection. 
I  firmly  believe  that  it  is  a  question  of  keeping 
our  dose  w  ithin  the  range  of  the  minimum  and 
maximum. 

I  have  a  few  little  extracts  here  from  Dr.  O — 
which  I  think  are  worth  \\hile  considering. 
He  makes  the  following  definite  statements: 
He  speaks  of  the  retrogression  of  cancer  as  not 
being  due  solely  to  immediate  action  of  the 
rays.  He  further  states  as  to  the  question  of 
cancer  dose  that  there  is,  according  to  S  c^  R, 
at  the  present  time  no  curative  or  definite  dose 
such  as  90  or  100  per  cent  erythema.  However, 
he  states  that  in  the  majority  of  cases  of 
mammary  and  uterine  cancer  retrogression  may 
be  expected  from  administration  of  such  a  dose. 
He  likewise  presents  another  interesting  obser- 
vation with  reference  to  the  principle  of  ra- 
diotherapy in  cancer  of  the  breast  and  uterine 
conditions,  and  refers  to  a  large  series  of  treat- 
ment cases  showing  cure  of  five  or  more  years 
and  manifested  only  by  slight  erythema  on  the 
skin.  He  examined  all  of  those  cases  and 
noted  the  results,  and  then  examined  cases  in 
which  there  was  marked  erythema,  and  the 
condition  of  these  cases  was  considerably  more 
pronounced.  He  is  very  emphatic  in  the  state- 
ment that  an  overdose  should  be  considered 
dangerous  as  it  weakens  the  local  cells  which 
are  the  defensive  forces  of  the  body. 

Now  as  to  the  question  of  the  amount  of 
radiation   at   one   time;   O prelers  giving 


frequent  radiation  from  six  to  eight  weeks 
with  doses  slightly  less  than  the  maximum 
cancer  dose.  With  this  method  of  divided 
doses  many  of  us  do  not  altogether  agree, 
although  I  feel  there  must  be  some  merit  in  such 
a  technique. 

In  about  2y  per  cent  of  the  cases  we  have 
been  treating  in  the  past  ten  months,  by  force 
of  necessity  we  had  adopted  such  a  course  and 
I  was  surprised  at  the  rather  marked  improve- 
ment over  the  single  doses  which  we  would 
like  to  give  and  think  ideal;  but  that  question 
of  the  amount  of  radiation  and  the  question  of 
staying  within  the  limits  of  the  maximum 
and  minimum  radiation  is  certainly  something 
we  must  consider  carefully. 

The  value  of  both  the  radium  and  the  .v-ray 
together  with  the  anatomical  situation  of  pelvic 
conditions  is  certainly  of  importance  to  all  of 
us.  However,  any  method  or  methods  adopted 
certainly  should  be  adjusted  to  the  conditions 
of  the  inch\idual  case,  and  we  should  make 
every  effort  to  keep  within  the  boundary  of  the 
minimum  and  maximum  dose. 

Dr.  Martin.  I  would  like  to  ask  about  this 
135  per  cent  dose  that  Dr.  Schmitz  spoke  of  as 
being  safe  for  the  intestine.  I  would  like  him  to 
tell  us  definitely  how  he  knows  positively  that 
135  per  cent  is  safe  for  the  human  intestine.  I 
do  not  feel  it  sufficient  to  measure  dosage  with 
the  iontoquantimeter  and  make  a  definite 
decision  on  the  biological  reaction  therefrom. 

Dr.  Cha.\ibehl.\ix.  If  Dr.  Schmitz  thinks 
it  worth  while  he  might  say  something  about 
idiosyncrasies.  We  heard  a  great  deal  about 
this  and  as  measuring  devices  and  methods 
became  more  accurate  we  heard  less  and  less 
about  idiosyncrasies.  Lately  we  have  been 
hearing  more  about  it  again  and  it  seems 
to  some  of  us  that  as  the  measuring  methods 
again  catch  up  with  the  apparatus  that  we  will 
hear  less  of  idiosyncrasies, — at  least  as  regards 
verj-  marked  or  important  degrees  of  variation 
in  susceptibility. 

Dr.  Schmitz  (closing).  We  have  treated 
about  300  cases  with  the  new  therapy  and 
about  50  with  the  old.  From  clinical  exper- 
ience we  know  what  happens.  In  examining  our 
patients  we  invariably  make  a  bladder  and 
proctoscopic  examination;  so  we  know  exactly 
the  condition  of  the  organs  before  and  after 
radiation.  With  our  present  methods  we  have 
ne\er  seen  permanent  secondary  ellects  in  tiie 
small  intestine.  However,  I  do  not  think  that 
would  hold  good.  I  can  only  say  that  with  this 
new  method  we  have  had  only  one  result. 
Patient  died  three  days  after  radiation  directly 
from  the  effects  of  the  radiation.  I  used  very 
poor  judgment  in  giving  one  full  dose  anteriorly, 
causing  a   degeneration   of  a  large  amount  of 
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tissue  wliich  killed  the  patient,  but  it  was  not 
due  to  intestinal  disturbance. 

The  question  arose.  How  did  I  determine  the 
135  per  cent  erytiiema  sl:in  dose?  If  you  multi- 
ply the  seconds  which  are  necessary  for  dosage 
of  certain  ??  of  .v-ray  by  35  per  cent  you  get 

the  erythema  skin  dose.  F says  90  per  cent 

skin  dose  will  kill  cancer.  The  ratio  ijetween  the 

G and  F dose  is  five  to  ten.  My 

skin  dose  is  actually  three  times  larger  than 

G and  twice  as  large  as  F .  G ,  with 

this  technique,  gives  three  series  of  treatments 
six  weeks  apart.  At  each  time  he  radiates  the 
same  fields.  We  only  give  one  series  of  treat- 


ments and  never  repeat  a  treatment^  and  we  are 
sure  this  does  no  permanent  injury  to  the 
skin. 

In  regard  to  idiosyncrasies, — if  you  treat  a 
case  of  smallpox  you  know  it  takes  a  definite 
amount  of  units  of  antitoxin  to  do  the  job  and 
that  is  the  average  dose  for  a  patient,  and  yet 
you  will  find  cases  where  you  will  have  to 
increase  the  dose  and  others  where  you  must 
make  it  smaller.  It  is  the  same  with  .v-rays. 
By  experimental  work  you  determine  your 
patient's  needs.  Some  patients  might  receive 
too  much,  but  finally  the  patient  has  cancer  and 
there  is  very  little  lost. 
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RECENT  changes  in  the  pro\isions  ol 
many  policies  covering  the  loss  of 
radium  make  it  desirable  to  know  definitely 
what  house  otBcer  or  what  nurse  is  respon- 
sible for  the  radium  during  the  different 
portions  of  the  entire  time  consumed  by  one 
treatment.  To  aid  in  obtaining  and  record- 
ing this  data  the  following  chart  has  been 
devised. 

In  the  first  column  the  time  is  recorded 
in  hours  and  minutes.  In  the  second  column 
the  operator  writes  the  name  of  each  nurse 
opposite  the  time  she  is  to  be  In  charge  of 
the  patient.  In  the  third  column  the  nurse 
is  to  sign  her  name  when  she  receives  the 
radium  or  assumes  charge  of  the  patient. 
This  plan  pro\'Ides  a  written  receipt  for 
the  radium  from  the  time  it  is  applied  to 
the  patient  until  it  is  removed  and  placed 
in  the  hospital  safe. 

If  the  patient  is  in  a  ward,  and  not  in 
charge  of  a  special  nurse,  the  use  of  this 
chart  shows  definitely  what  nurse  is 
responsible  for  the  patient  and  the  radium 
at  any  given  time. 
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Patient  in  charge  of: 


Radium  removed  by: 
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Radium  plaeeJ  in  office  safe  by 
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Each  person  responsible  Jor  Ihc  radium  musr  sign  in  the  last  column  whe. 
receiving  the  radium  01  when  taking  charge  of  the  paiient  Thii  slip  should  ac<'>m 
pany  the  radium  whefl  it  is  sent  to  the  safe  in  the  office 


THE  TREATMENT  BY  RADIATION  OF 

THE  RECTUM* 


CANCER  OF 


BY  HARRY  H.  BOWING,  M.D.,  AND  FRANK  W.  ANDERSON,  M.D. 

Section  on  Radium  and  Roentgen-Ray  Therapy,  Mayo  Clinic 

ROCHESTER,  MINNESOTA 

I  WAS  asked  by  the  Program  Committee  ject  of  which  they  possess  but  very  little 
ot  this  Association  to  present  a  paper  personal  experience.  As  these  statements 
on  the  end-results  of  treatment  by  raclia-  are  not  infrequently  alluded  to  by  patients 
tion  of  cancer  of  the  rectum.  After  and  their  friends,  it  is  obvious  that  con- 
considering  the  matter,  I  decided  that  statis-  siderable  harm  has  been  done  by'  their 
tical  data  of  value  could  not  be  obtained  dissemination,  and  it  therefore  appears 
in  so  short  a  time.  Moreover,  the  topic  desirable  strongly  to  controvert  the  asser- 
was  being  investigated  in  the  Clinic  from  tion.  Radium  is  not  a  failure  when  used 
the  surgical  standpoint.  I  decided,  there-  intelligently  and  scientifically,  and  applied 
fore,  to  confine  my  discussion  chiefly  to  the  treatment  of  those  conditions  which 
to  a  description  of  the  technique  as  it  is  experience  has  shown  are  amenable  to  its 
used  in  the  Mayo  Clinic.  action.  No  honest  worker  claims,  or  has 

Da  Costa,  before  a  recent  meeting  of  the  ever  attempted  to  claim,  that  radium  is  to 

American  College  of  Surgeons,  said  that  be  regarded  as  a  panacea,  or  as  a  cure  for 

in    his   experience,    radium    relieved   pain,  malignant  disease,  and  many  years  must 

and   that   in   certain   cases   in   which   the  elapse  and  much  more  research  and  clini- 

growth  seemed  hopeless,  it  did  give  hope,  cal  work  be  done,  before  it  will  be  justi- 

He  expressed  the  belief  that  radium,  used  fiable    to    use    the    word    'cure'    even    in 

with  the  knife,  with  sound  clinical  judg-  selected  cases  of  malignant  trouble.  It  is 

ment,  could  be  recommended  as  a  valuable  best,  therefore,  to  speak  only  of  'arrest  ot 

adjunct,   but  that  a  physician  who   uses  the   disease,'    and   this   can   be   truthfully 

radium  for  all  cases  is  as  much  a  menace  to  aflirmed  in  very  many  instances.  Patients 

the    public    as    the    physician    who    uses  whose   li\es    would    have    speedily   termi- 

strychnin    or    the    roentgen    rays    for    all  nated,  and  who  would  have  suffered  much 

diseases.  intense    agony,    have    been    enabled    by 

Recently,  W.  J.  Mayo  mentioned  that  radium  treatment  to  live  for  many  years 

he  is  favorably  impressed  with  the  results  in  comparative  comfort  after  all  the  known 

of  a  combination  of  surgery  and  radiation  resources    of   medicine    and    surgery    had 

in  the  therapeutic  management  of  rectal  been  exhausted.  That  in  radium  we  possess 

carcinoma.  He  recalled  several  inoperable  an    addition    to    our    armamentarium    of 

cases    which    became    operable    following  great  value,    is   a   fact   which   cannot   be 

radium  exposures,  and  deplored  the  fact  challenged,  and  it  is  distressing  to  think 

that  many  physicians  are  giving  radium  that  a  rash  and  ill-ad\ised  statement,  by 

treatments   with    little   or   no   experience,  its  \\ide  publicity,  should   have  deprived 

and   in   many   instances   with   insullicient  many  patients  of  fresh  hope  and  possible 

radium.  benefit." 

Hayward  Pinch  expresses  the  opinion  Levine  has  said,  "Surgery,  while  meet- 
ing with  some  degree  of  success,  has  not 
solved  the  cancer  problem.  A  comparative 
analvsis    of    \ital    statistics    and    cancer 


as 


held    by    all    competent    radiologists 
follows: 

"It  is   to  be  regretted  that  within  the 
past  twelve  months  statements  have  been     statistics    shows    that    in    the    hands    of 


published  in  the  lay  press  to  the  effect 
that  radium  is  a  failure,  and  these 
appear  to  ha\e  originated  in  the  pro- 
nouncements of  some  well-meaning  but 
ill-informed  practitioners  concerning  a  sub- 


difl'erent  surgeons,  the  highest  percentage 
of  all  cancer  cases  of  a  community  which 
can  be  cured  by  surgical  treatment  is  15.25 
per  cent,  and  the  lowest  4.15  per  cent,  or, 
ill  all  probability,  less  than   10  per  cent." 


'  Read   at   the   Seventh   Annual   Meeting  of  Tmc   .^mkuiian    Raimum  Socikiy.  St.  Louis,  Mo.,  May  22-23,  1922. 
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Radium,  when  properly  applied,  will 
bring  about  a  delinite  inhibitory  and 
destructive  effect  in  the  majority  of  rectal 
neoplasms.  There  is  an  abundance  of 
e\idence  available  to  prove  it  to  be  a 
\aluable  adjunct  when  added  to  our 
present  surgical  procedures  to  combat  rec- 
tal cancer,  and  that,  in  selected  cases,  it 
should  be  used  as  a  pre-operative  and 
postoperative  measure. 

The  impossible  is  usually  expected  of 
radiation  therapy.  The  majority  of  pa- 
tients are  beyond  the  aid  of  surgery  or  any- 
recognized  method  of  treatment.  Many 
cannot  be  treated  intensi\ely.  The 
majority  of  patients,  three  and  five  years 
ago,  received  inadequate  and  poorly  ap- 
plied treatment,  when  compared  to  our 
present  methods.  These  factors  make 
statistical  study  practically  valueless. 

The  day  is  not  far  distant  when  cases 
will  be  classified  as  favorable  or  unfavor- 
able for  radiation  therapy.  The  lesion  may 
be  grouped  as  one  responding  to  radiation, 
but  its  location,  extent  and  special  charac- 
teristics will  not  permit  of  thorough  treat- 
ment. The  chief  element  of  defeat  is  the 
lack  of  sufficient  exposure  of  the  tumor. 

More  than  300  cases  in  the  Mayo 
Clinic  have  been  treated.  The  majority 
were  inoperable  and  only  a  reasonable 
amount  of  placebo  treatment  was  given. 
Many  of  the  treatments  were  postopera- 
tive and  prophylactic.  Some  of  the  cases 
were  recurring  following  radical  surgical 
procedures.  Twenty  or  more  patients 
received  pre-operative  radium  exposures. 
One  or  more,  whose  cases  were  operable, 
decided  in  favor  of  radium.  In  about  6 
inoperable  cases  a  radical  posterior  resec- 
tion was  performed  after  radiation  therapy. 
No  added  surgical  difficulties  are  recorded. 
A  few  patients  stand  out  as  recei\ing 
sufficient  treatment  to  arrest  the  process. 

McVay,  in  a  study  of  100  patients 
operated  on  in  the  Mayo  Clinic  for  cancer 
of  the  rectum,  made  obser\  ations  as 
follows: 

"The  anorectal  lymph-glands  are  four 
to  eight  in  number  and  are  situated  on  the 
posterior  and  lateral  walls  of  the  rectum. 
The  size  of  the  growth  in  the  rectum 
cannot  be  relied  on  as  an  accurate  index 
to   the    probable    lymphatic   in\olvement. 


Without  lymphatic  in\ol\ement  there  is  a 
tendency  of  the  growth  to  expand  into  the 
lumen  of  the  bow'el.  The  growths  with 
some  lymphatic  involvement  tend  to 
spread  by  direct  extension,  and  are  slow 
growing.  Carcinomas  of  the  rectum,  with 
extensive  glandular  in\oKement,  tend  to 
metastasize  through  the  lymph  stream 
early.  Occasionally  metastasis  may  take 
place  by  emboli  breaking  off  into  the 
portal  vein.  Rectal  carcinoma  is  the  most 
common  form  of  intestinal  growth,  and 
represents  5  per  cent  of  all  cancers  of  the 
body.  It  is  more  common  in  men  than  in 
women. 

"Metastatic  involvement  of  the  glands 
can  only  be  definitely  determined  by 
systematic  microscopic  study  of  all  the 
regional  lymph-nodes.  The  size  of  the 
node  IS  not  an  efficient  means  of  determin- 
ing whether  or  not  there  is  metastatic 
involvement.  This  is  particularly  true  if 
the  amount  of  involvement  is  small  or  if 
the  process  is  early." 

Most  cancers  of  the  rectum  are  adeno- 
carcinomas; the  growth  may  be:  (i) 
Bulky  with  partial  or  complete  involve- 
ment of  the  walls  of  the  rectum;  (2) 
tabular  with  partial  or  complete  in\olve- 
ment  of  the  walls;  (3)  smooth,  annular, 
and  contracting  with  nearly  complete 
obstruction;  (4)  multiple,  occurring  as 
polyposis.  Each  group  presents  difliculties 
for  the  radiologist.  Each  patient  must 
receiv'e  individual  treatment  with  appli- 
cators adapted  to  fit  the  requirements  of 
intensive  therapy.  The  cases  can  readily 
be  classified  into  three  groups: 

I.  Operable  Cases.  A  digital,  and  in 
some  instances,  a  proctoscopic  examination, 
made  the  diagnosis.  Exploration  of  the  ab- 
domen showed  an  operable  growth  in  the 
rectum  with  no  gross  distant  metastasis. 
A  left  rectus  colostomy  was  made,  and,  a 
few  days  later,  radical  posterior  resection 
was  performed.  As  soon  as  surgical  con- 
valescence permitted,  the  deep  end  of  the 
distal  colostomy  loop  and  the  posterior 
resected  area  were  treated  with  filtered 
radiation.  Twenty-two  patients  received 
radium  before  resection;  that  is,  two  to 
three  applications  at  intervals  of  two  or 
three  days.  At  the  end  of  two  weeks  follow- 
ing the  first  application,  the  resection  was 
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performed.  One  patient  refused  operation. 
Bare  glass  tubes  were  buried  in  the  growth. 
A  few  other  patients,  on  account  of  some 
contraindication  to  a  general  anesthetic  or 
too  great  operative  risk,  received  only 
radium  treatments. 

II.  Inoperable  Cases.  The  diagnosis 
was  determined  by  either  digital  or  procto- 
scopic examination,  and  in  borderHne 
cases,  an  exploration  was  made.  A  few 
operable  cases,  on  exploration,  revealed 
distant  metastasis,  or  a  second  growth 
high  in  the  rectosigmoidal  area.  The  most 
outstanding  subdivisions  of  this  group  are 
the  few  cases  in  which  sufficient  reduction 
of  the  tumor  was  obtained  by  radiation 
to  warrant  posterior  resection.  In  some,  a 
thorough  microscopic  search  of  the  struc- 
tures removed  did  not  disclose  cancerous 
tissue.  I  found  3  similar  cases  reported 
in  the  literature. 

The  first  reported  case  of  excision  for 
cancer  of  the  rectum  following  radium 
treatment  was  observed  by  Symonds  in 
191 4.  The  patient,  a  man,  aged  seventy- 
three  years,  had  an  annular  growth  4  cm. 
from  the  anus;  on  section  it  was  found  to 
be  carcinoma.  On  five  consecutive  days, 
for  six  hours  each,  100  mgm.  of  radium  was 
applied,  screened  with  2  mm.  lead  and  3 
mm.  rubber.  Eleven  days  later,  visual 
and  palpable  examination  revealed  that 
the  growth  had  disappeared  and  only  a 
ring  of  cicatricial  tissue  was  present.  Six 
months  and  twenty-six  days  after  the 
application  of  radium,  a  perineal  resection 
was  performed.  The  proximal  end  of  the 
rectum  was  sutured  to  the  anal  portion 
and  the  sphincter  was  saved.  Complete 
union  followed.  One  month  later,  the 
colostomy  was  closed.  Microscopic  sections 
did  not  reveal  the  presence  of  active 
carcinoma. 

The  second  case  observed  was  reported 
by  Handlcy.  The  patient,  a  man,  aged 
sixty  years,  had  a  small  bleeding  area  12.5 
cm.  from  the  anus.  Specimens  remo\ed  for 
examination  pro\cd  to  be  carcinomatous. 
The  condition  was  considered  inoperable. 
On  September  6th,  with  the  aid  of  a 
sigmoidoscope,  150  mgm.  radium  bromid, 
filtered  through  2  mm.  platinum  was 
applied  to  the  stricture  above  the  ulcer 
area    lor   nine  hours.    It  was  then  ai)|)lied 


to  a  higher  area  for  tweKe  hours,  and  to 
a  lower  area  for  ten  hours. 

Two  weeks  later,  a  severe  local  reaction 
occurred,  but  one  month  after  treatment, 
the  bleeding  and  pain  had  ceased.  At 
this  time,  edges  of  the  ulcer  were  flat,  and 
the  stricture  appeared  to  be  simple.  Two 
months  after  the  radium  treatment,  colos- 
tomy was  performed,  and  the  growth 
removed.  At  operation,  160  mgm.  radium 
bromid  filtered  with  i  mm.  silver,  2  mm. 
platinum,  and  2  cm.  gauze  was  applied  in 
the  abdominal  wound  for  twenty  hours, 
and  50  mgm.  radium  bromid  filtered  with 

1  to  2  mm.  silver,  i  mm.  lead,  and  4  mm. 
gauze  in  the  perineal  wound. 

A  large  abscess  in  the  right  side  of  the 
pelvis  had  to  be  opened  on  the  tenth  day, 
and  there  was  some  suppuration  in  the 
abdominal  and  pelvic  wounds.  Sixteen  days 
after  operation,  150  mgm.  radium  filtered 
as  previously  was  applied  high  in  the 
pelvic  sinus  for  twenty  hours.  One  year 
later,  the  patient  was  in  good  health. 

The  third  case  reported  was  observed 
by  Durand.  The  patient,  a  man,  aged 
fifty-four  years,  had  a  circular  neoplasm 

2  cm.  from  the  anus.  The  canal  barely 
admitted  the  finger,  and  extirpation  ap- 
peared difficult.  One  hundred  and  ten 
milligrams  of  radium  was  applied  for  forty- 
four  hours.  Fi^■e  weeks  later,  a  "Lisfranc 
operation"  was  performed.  No  added 
surgical  difiiculties  are  recorded.  The  lesion 
was  found  to  be  greatly  modified  and 
almost  cicatrized. 

III.  Recurriyti!  Cases.  The  patients  in 
this  group  had  had  radical  resections,  and 
some  of  them  had  had  radium  treatments 
postoperatively.  They  returned  for  further 
observation  and  treatment  at  varying 
intervals  following  operation.  A  few  re- 
ceived marked  palliative  relief,  and  some 
were  seeminglv  in  good  health.  The  relief 
from  obstruction,  the  absence  of  bleeding, 
the  lessening  of  pain,  etc.,  account  for  the 
initial  improvement.  It  is  not  easy  to 
establish  a  diagnosis  of  recurrence.  The 
character  of  the  discharge  may  help;  if 
possible,  a  small  specimen  should  be  re- 
moved for  microscopic  examination.  In 
I  or  2  patients  in  this  group  in  \\hom 
recurrence  was  suspected,  a  hypodermic 
needle  was  introduced  into  the  mass  with 
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the  escape  of  pus.  \N'ith  sufficient  drainage, 
the  condition  cleared  up. 

TREATMENT 

Cancers  of  the  rectum  are  ditlicult  to 
treat,  since  the  tumor  is  incased  in  the 
bony  pelvis  with  only  a  small  contracted 
sinus  in  which  to  place  the  radium.  If  the 
inguinal  glands  are  enlarged,  they  should 
be  treated  as  metastatic  processes.  The 
radium  is  applied  to  the  skin  surface  over- 
lying the  enlargement. 

The  treatment  should  be  individual.  I 
am  confident  that  certain  groups  of 
patients  cannot  be  treated  according  to  a 
therapeutic  framework.  Every  avenue  of 
approach  should   be   used   in   order  thor- 


constant  exposure  of  the  tumor,  and  avoid 
accidental  injury  to  adjacent  normal  tissue. 
The  tumor  tissue.  If  properly  radiated, 
loses  all  morphology  and  is  replaced  by 
fibrous  connective  tissue.  Overradiation 
should  be  a\oided,  especially  in  cases  in 
which  radical  removal  Is  under  considera- 
tion In  order  to  avoid  added  surgical 
difficulties.  In  selected  cases,  pre-operative 
radiation  and  a  sufficient  time  interval 
before  the  radical  remo\'al  will  improve  the 
case  for  surgery  and  give  greater  assurance 
against  local  recurrences.  It  will  reduce 
to  a  minimum  the  chance  of  dissemination, 
since  the  primary  growth  has  been  almost 
completely  de\  italized,  and  has  lost  all 
power    of    rejuvenation.    This    has    been 
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Fig.  I.  Remains  of  carcinoma  and 
musculature  of  rectum  and  apparent 
direct  extension  from  primary  car- 
cinoma tissue  completely  devitalized. 

oughly  to  radiate  the  tumor.  The  \aginal 
mucous  membrane  tolerates  radium  rays 
very  well.  If  the  rectal  mass  can  be  pal- 
pated by  vaginal  examination,  the  cavity 
should  be  packed  with  radium.  The  treat- 
ment should  be  either  prophylactic  or 
intensive,  as  the  case  demands. 

Technique.  The  technicjue  of  radium 
application  should  be  simple  and  yet  con- 
sistent with  good  treatment.  The  appli- 
cator must  remain  as  placed  for  the 
allotted  time;  this  is  assured  by  making 
the  patient  as  comfortable  as  possible.  The 
applicator  should  be  designed  so  that  it  can 
be   fixed   to   the   body   surface,    to   insure 
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Fig.  2.  High  power  of  Figure  i. 


proved  by  microscopic  examination  of 
specimens  removed  from  the  original  tumor 
area  (Figs,  i,  2  and  3).  A  minimal  amount 
of  exposure  of  doctor  and  nurse  In  prepar- 
ing and  placing  the  applicator  should  be  an 
Important  factor  in  the  construction  of  the 
applicators,  and  they  have  been  adapted 
with  these  factors  In  \Iew. 

No  distinction  Is  made  between  the 
applicator  containing  a  salt  of  radium, 
and  a  tube  of  radium  emanation  prepared 
by  the  Duane  series  of  mercury  pumps. 
Radium  C,  with  its  alpha,  beta  and  gamma 
rays  is  the  therapeutic  principal,  regardless 
of  its  source.  The  Universal  tube  applicator 
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with  walls  of  silver  0.5  mm.  thick,  con- 
tainmg  50  mgm.  radmm  sulphate  by 
measurement,  may  be  used,  or  a  modified 
tube  applicator  (Fig.  4,  No.  2)  with 
walls  of  brass  equal  in  filtration  to  the 


Fig.  3.  Remnants  of  devitalized  nuclei,   iniijo.isible  of 
regeneration. 

silver  tube,  into  which  are  placed  small 
glass  tubes  containing  emanation.  The 
tubes  usually  measure  50  to  "5  mc.  The 
applicator  shown  in  Figure  5,  No.  2,  is 
suited  for  the  treatment  of  small  and  nar- 
row sinuses,  and  can  be  introduced  into 
drainage  tubes  at  operation.  The  stem  will 
bend  to  suit  the  contour  of  the  body,  and 
can  be  fixed  with  adhesive  plaster. 

To  the  stem  (Fig.  5,  No.  3)  which  has 
been  devised  to  accommodate  the  Uni- 
versal silver  tube  applicator,  a  brass  shell 
is  fixed  with  very  thin  walls,  for  it  is  not 
intended  to  act  as  a  filter.  A  Para  rubber 
tube,  with  walls  1.5  mm.  thick,  fits  over 
the  shell  and  extends  5  to  8  mm.  beyond 
the  end.  This  holds  the  radium  tube  in 
place  and  afl'ords  a  soft  rubber  tip  for  the 
applicator,  which  will  pre\"ent  undue 
trauma.  It  may  be  used  similarlx'  as  the 
applicator  shown  in  Figure  5,  No.  2,  but 
its  extra  bulk  limits  its  application.  It  is 
the  one  of  choice  in  treating  a  bulky 
tumor  with  a  sinus  of  the  rectum.  With  the 
index  finger  it  can  be  easily  directed 
through  a  tortuous  canal  common  to 
bulky  tumors. 

The  ap])licator  (Fig.  5,  No.  i)  can  be 
introduced  casiU'.  It  is  \erv  eflicieiU  in  tiie 


treatment  of  the  deep  end  of  the  distal 
colostomy  loop;  if  used  in  this  way,  the 
brass  filter  is  added  (Fig.  4,  No.  i).  The 
wire  stem  permits  easy  introduction  and 
secures  fixation  to  the  body  surface. 

The    instrument    shown    in    Figure    4, 
No.  6  is  a  modification  of  the  soft  rubber 


Fig.  4.  No.  i.  Universal  silver  filter  with  walls  0.5 
mm.  thick.  No.  2.  Modified  Universal  tube  appli- 
cator; the  walls  are  brass.  No.  3.  A  rubber  filter 
with  wall  3  mm.  thick.  No.  4.  A  stem  of  solder  wire 
40  cm.  long,  with  a  small  piece  of  adhesive  tape 
around  the  tip  to  keep  the  stem  from  slipping  through 
the  canal  in  the  rubber  filter.  No.  5.  Part  of  a  soft 
rubber  Wales  bougie  (No.  10  or  12).  The  window 
accommodates  one  Universal  tube  applicator  with  or 
without  the  brass  filter.  No.  6.  A  modification  of 
the  soft  rubber  Wales  bougie. 

rectal     Walles     bougie.     The    unmodified 
bougie  is  very  uncomfortable  to  wear  for 


Fig.  5.  No.  i.  \\'ire  stem  and  hard  rubber  tip  with 
walls  2  mm.  thick,  into  which  the  Universal  tube 
applicator  fits,  with  or  without  the  extra  brass  filter. 
No.  2.  A  stem  made  of  solder  wire  measuring  3.5 
mm.  in  diameter  and  40  cm.  in  length.  The  screw 
adaptor  at  one  end  fits  the  applicator  shown  in 
Figure  4,  No.  2.  No.  3.  A  stem  of  solder  wire.  A'brass 
shell  is  fixed  at  one  end  devised  to  fit  the  Universal 
tube  applicator,  and  a  Para  rubber  tube  extends  3 
to  iS  mm.  beyond  the  end  of  the  tube. 

any  length  of  time.  Some  patients  will  not 
tolerate  it  at  all.  It  does  not  permit 
accurate     introduction,     since     the    index 


The  Treatment  b\  Radiation  of  Cancer  of  the  Rectum 


235 


finger  cannot  be  placed  in  the  rectal  canal 
at  the  same  time. 

The  length  of  the  part  (Fig.  4,  No.  5) 
may  varj^  to  suit  the  tumor,  but  if  it  is 
6  cm.  long,  it  is  convenient,  since  it  can 
be  mo^•ed  along  the  surface  of  the  tumor. 
A  strip  of  adhesi\e  plaster  is  placed  around 
the  rubber  part  and  then  fixed  to  the  stem; 
this  makes  a  rigid  applicator.  The  rubber 
filter  (Fig.  4,  No.  3)  fits  the  window  and  is 
intended  to  absorb  the  soft  secondary 
rays  from  the  metal  tubes.  A  finger  cot 
placed  over  the  end  and  fixed  with  adhe- 
sive tape  completes  the  instrument.  This 


Fig.  6.  A  vaginal  applicator  which  accommodates  two 
Universal  tubes.  The  brass  wall  is  i  mm.  thick  and 
is  surrounded  by  2  mm.  of  hard  rubber.  The  outside 
diameter  is  17  mm.  and  the  length  4  cm.  ^ 


In  the  treatment  of  inguinal  glandular 
enlargements,  a  wood  block  (balsa)  2.5 
cm.  thick  and  3  by  4  cm.  at  the  base  is 
used  to  maintain  the  distance.  Two  milli- 
meters of  lead  and  2  mm.  of  Para  rubber 
are  employed  as  filters.  Fifty  or  100  mgm. 
ot  raduim  in  a  Universal  tube  applicator  is 
fixed  to  the  block  and  allowed  to  remain 
twenty  and  ten  hours  respectively.  The 
skin  surface  is  mapped  out  in  areas  3  by 
4  cm.  and  from  3  to  6  areas  are  exposed  in 
each  mguinal  region. 

Radium  can  be  buried  in  the  tumor  or 
ulcerated  area.  The  standard  metal  needles. 


I 


Fig.  7.  No.  1.  A  spinal  puncture  needle,  the  end  of 
which  has  been  milled, to  fit  the  tube.  No.  2.  A  brass 
tube  made  in  various  lengths,  20  to  40  cm.  No.  3.  A 
wire  trocar  long  enough  to  dislodge  the  glass  tube. 


applicator  is  very  easily  tolerated  by  the 
patient.  It  can  be  accurately  placed  with 
the  index  finger  and  securely  fixed  to  the 
body  surface.  It  is  suitable  in  the  treatment 
of  small  bulky  growths  and  tabular  growths 
which  do  not  completely  encircle  the 
bowel. 

The  applicator  shown  in  Figure  6  holds 
two  Universal  tubes.  Friction  holds  the 
cap  in  place,  and  a  finger  cot  covers  the 
whole.  Similar  applicators  have  been  in  use 
for  three  years  and  have  proved  to  be  very 
satisfactory.  Its  chief  use  is  in  vaginal 
applications.  It  is  placed  with  the  patient 
in  the  knee-chest  position  and  the  dis- 
tended vagina  is  packed  with  gauze;  thus 
a  minimum  of  normal  tissues  is  radiated. 
It  can  be  placed  in  a  wide  open  wound  of  a 
posterior  resection  and  held  there  with 
packing. 


with  walls  0.4  mm.  thick,  may  be  used,  or 
bare  glass  tubes  containing  radium  emana- 
tion taken  from  a  Duane  series  of  mercury 
pumps.  An  instrument  is  being  perfected 
to  facilitate  the  placing  of  the  steel  needles 
by  direct  and  indirect  methods.  They  may 
be  placed  by  direct  vision  through  a 
proctoscope  or  by  the  use  of  a  brass 
cannula  of  sufiicient  size.  The  method  of 
choice  is  by  bare  glass  tubes. 

Figure  7  shows  the  instrument  employed 
in  the  bare  glass  tube  technique;  it  consists 
of  a  needle  (Fig.  -,  No.  i),  a  brass  tube 
(Fig.  7,  No.  2)  and  a  wire  trocar  (Fig.  7, 
No.  3)  of  sufficient  length  to  dislodge  the 
bare  glass  tube.  If  the  needle  and  tube  are 
made  to  be  interchangeable,  needles  can 
be  kept  sharp,  which  is  verj^  important. 

In  burying  the  radium,  general  or  local 
anesthesia  is  required.  If  the  needles  are 
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few  in  number  and  the  mass  small,  the 
treatment  is  preceded  thirty  minutes  by  a 
hypodermic  injection  of  3.300  gr-  of  scopo- 
lamin  and  }^  gr.  of  morphin  sulphate. 
Other  anesthetic  is  not  necessary.  A 
general  anesthetic  is  seldom  used. 


If  our  observations  from  treating  the 
inoperable  growths  are  correct,  the  oper- 
able growths  should  be  exposed  to  radium, 
and  after  suilicient  time  has  elapsed, 
probably  six  or  eight  weeks,  the  tumor  area 
should  be  remo\ed. 


Fig.    8.    (Case    A 100372).    Specimen    re- 
moved at  operation. 


Fig.  9.  (Case  A 100372).  Longitudinal  section  of  specimen  shown  in 
Figure  8. 


"Surgical  judgment"  is  not  acquired 
in  a  few  months,  and  may  not  be  acquired 
for  years;  this  is  also  true  of  radium 
therapy.  The  problems  of  the  radium  thera- 
pist are  many.  The  patient,  as  well  as  the 
disease,  must  receive  consideration.  Should 


Figures  8  to  1 1  show  good  examples  of 
the  lesions  encountered  in  this  group. 
The  mass  (Figs.  8  and  9)  protruded  into 
the  lumen  of  the  rectum,  causing  partial 
obstruction.  It  would  be  possible  to  bury 
radium  needles  in  this  bulkv  tumor. 


Fig.  10.  (Case  A170796).  Specimen 
removed  at  operation;  partial 
involvement  of  tlie  walls  of  the 
rectum. 


Fig.    II.   (Case  A170796).  Cross-section  of  specimen  shown  in  Figure  lo. 


the  patient's  health  be  greatly  undermined 
on  account  of  the  disease  or  weakness 
following  surgical  procedure,  the  treat- 
ment is  usually  reduced  in  the  number  ol 
applications.  Each  grou])  turnishcs  its 
own  problems. 


The  \arious  types  of  tumors  occurring 
in  Group  i  require  the  widest  range  in 
technic|ue.  All  buried  radium  treatment 
shoukl  Ix'  preceded  by  surface  treatment. 
The  extent  is  measured,  and  if  it  is  within 
4  to  ~  cm.,  three  treatments  are  outlined 
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and  recorded  as  high,  middle,  and  low 
positions.  The  appHcator  used  may  be  the 
one  in  Figure  4,  No.  6,  or,  in  Figure  5, 
Nos.  2  or  3.  Fifty  milligrams  radium  is  al- 
lowed to  remain  in  each  position  for  four- 
teen hours  at  one  or  two  day  intervals.  It 
growths  are  small,  brass  filters  should  be 
used;  otherwise,  they  are  omitted.  The 
majority  of  the  22  patients  were  operated 
on  within  ten  and  fourteen  days  after  the 
first  treatment.  Definite  gross  changes  in 
the  tumor  and  edema  in  the  tissues  were 
noted,  and  the  incidence  of  Infection  was 
suspected  to  be  rather  high.  In  order  to 
manage  the  patients  in  this  group  more 
satisfactorily,  more  time  (at  least  four  to 
six  weeks)  should  elapse,  after  the  first 
treatment  and  before  operation.  This 
interval  is  essential  in  order  that  the 
treated  area  may  heal  and  the  tumor  tissue 
be  replaced  by  fibrous  tissue.  All  over- 
radiation  should  be  avoided.  These  cases 
require  keen  judgment  and  close  coopera- 
tion between  surgeon  and  radiologist. 

If  bare  glass  tubes  are  placed,  the  tech- 
nique of  Janeway  is  used.  Tubes  measuring 
0.5  mc.  are  preferred.  If  the  tumor  is 
thoroughly  radiated  In  this  way,  the 
results  will  be  more  certain. 

In  the  inoperable  group.  Group  II,  the 
number  of  applicators  is  usually  limited; 
the  one  of  choice  is  that  shown  in  Figure 
5,  No.  3.  The  canal  through  the  tumor  area 
is  usually  small  and  tortuous.  The  number 
of  levels  treated  depends  on  the  extent  ol 
the  growth.  Extensions  In  the  region  of  the 
rectosigmoid  area  are  the  most  tedious  to 
expose,  and  these  are  usually  undertreated. 
Three  to  four  areas  are  the  rule  and  are 
designated  as  high,  middle,  and  low  posi- 
tions for  application.  Fifty  milligrams  is 
usually  applied  for  fourteen  hours  In  each 
area.  A  colostomy  Is  not  essential  for  this 
treatment.  If,  by  abdominal  exploration, 
the  borderline  case  is  found  to  be  moperable, 
and  without  obstruction.  In  some  cases, 
the  treatment  will  reduce  activity  and 
avoid  impending  obstruction.  In  this  man- 
ner, the  patient  may  get  on  without  a  dis- 
tressing colostomy;  however,  an  early 
colostomy  is  paramount  in  case  obstruc- 
tion develops.  The  most  striking  cases  in 
this  group  are  the  ones  made  operable  by 
radium    treatments.    Early    metastasis    is 


not  a  characteristic  of  cancer  of  the  rec- 
tum, and  if  reduction  in  the  tumor  occurs, 
posterior  resection  should  be  performed. 
The  time  interval  should  be  six  to  eight 
weeks.  All  the  patients  In  our  series  were 
thus  treated.  In  cases  reported  in  the 
literature,  longer  applications  were  made 
and  more  radium  was  applied.  Our  policy 
has  been  more  conservative,  and  our  local 
reactions  are  less.  If  the  radium  applicator 
can  be  placed  in  the  center  of  a  bulky 
growth,  more  radium  and  longer  applica- 
tion are  indicated.  Overradiation  should 
always  be  avoided,  and  possible  surgical 
difficulties  prevented. 

Group  3,  the  recurring  group,  should 
continue  to  grow  smaller.  All  patients 
operated  on,  and  particularly  those  not 
previously  treated,  should  receive  post- 
operative radium  and  roentgen-ray  therapy. 

The  applicator  shown  in  Figure  5,  No.  i, 
and  the  vaginal  package  (Fig.  6)  are  best 
suited  to  cases  in  Group  3.  Brass  filters 
are  essential  In  the  absence  of  the  tumor, 
which  is  usually  made  use  of  to  absorb  the 
soft  primary  and  secondary  rays.  Fifty 
or  100  mgm.  tubes  are  used.  The  number 
of  applications  depends  on  the  size  of  the 
cavity  to  be  radiated.  Three  to  five  is  the 
rule.  The  time  Is  usually  ten  to  fourteen 
hours.  The  vaginal  package  Is  fixed  to  a 
cord  which  aids  in'  the  remo\al,  and  Is 
held  In  the  Kraske  wound  with  gauze 
packs.  The  interval  between  applications 
is  two  or  three  days. 

All  patients  should  be  under  observation. 
The  treatments  may  be  given  at  Intervals 
of  six  and  eight  weeks,  for  the  first  six  to 
eight  months  after  operation.  Every  pos- 
sible aid  should  be  employed  to  establish 
a  diagnosis  of  recurrence  on  account  of  a 
possible  Inflammatory  process. 

The  primary  growth  in  the  rectum  is 
but  slightly  affected  by  the  roentgen  ray. 
Even  the  newer  apparatus,  with  voltages 
of  200,000  or  more,  gives  disappointing 
results,  and  so  we  must  look  to  radium  lor 
destruction  of  the  primary  lesion.  On  the 
other  hand,  metastatic  nodules  and  lym- 
phatic tissues  are  more  susceptible  to  the 
roentgen  ray. 

The  object  of  the  roentgen-ray  treat- 
ment is  (i)  to  destroy  or  decrease  in 
amount    the    lymphatic    tissue    and    thus 
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decrease  opportunit\  for  metastasis,  (2)  to 
destroy  or  inhibit  the  growth  of  metastatic 
nodules. 

The  cases  reported  in  this  group  were 
treated  by  the  old  technique,  which  con- 
sisted of  a  23  cm.  skin-target  distance, 
filters  of  3  or  4  mm.  of  ahiminum,  a  spariv- 
gap  of  23  to  24  cm.  between  blunt  points, 
and  a  current  of  5  ma.  sent  through  a 
broad  focus  standard  Coolidge  tube  for 
five  or  six  minutes.  This  formula  produces 
a  transient  erythema  in  the  skin,  and  at 
times  causes  slight  pigmentation. 

The  rays  were  directed  to  the  pelvis 
through  9  portals  of  entry,  namely,  4 
anterior,  4  posterior,  and  the  perineum. 
This  method  produced  a  somewhat 
effective  cross-fire  for  the  deep  glands, 
and  radiated  the  superficial  glands,  such  as 
the  inguinal  and  the  perineal  groups. 
If  these  superficial  Ixniphatic  glands 
were defniitely  in\ol\ed, 
they  were  treated  with 
radium. 

In  the  technique  now 
employed,  ad\antage  is 
taken  of  the  fact  that 
a  long  skin-target  dis- 
tance assures  nearly 
even  distribution  of  ra- 
diant energy  in  the 
superficial  tissues,  and  a 
large  quantity  of  energy 
available  for  absorption 
in  the  deeper  tissues. 
Nearly  homogeneous 
radiation  of  short  wave- 
lengths is  obtained  by 
copper  filtration  and 
higher  voltages. 
Fig.  12.  A  simple  rub-       -j^^  general  reactions 

bcr|  stamp    ior    the        i  •    i  n      r   ii  i 

recording  of  accurate    W'hich  usually  toliow  the 

data.  The  dotted  surface  applications  of 
!^;:r  of  X  t  ^-adiun.  ancl  roentgen 
volvcmcnt,  height  of  rays  are  smiilar  to  those 
lesion    and     rectal  seen    in    the  treatment 

walls  mvolved.  x-      ^i  i  ■  ^  • 

01    Other    conditions. 

They  are,  as  a  rule,  a  mild  degree  of  ano- 
rexia, nausea,  vomiting,  and  weakness. 
This  lasts  for  twenty-four  to  forty-eight 
hours,  and  gradually  disappears.  The  local 
reaction  is  tedious  to  evaluate.  Some 
patients  complain  ol  an  increase  in  mucous 
discharge,  \\ith  or  without  blood,  and  \ery 


little,  if  any,  increase  in  pain.  Urgency, 
frequency,  and  painful  urination  are  sel- 
dom complained  of.  Proctitis  rarely  occurs. 
The  technique,  as  described  here,  is  very 
conservative,  and  severe  local  and  general 
reactions  are  rare.  In  the  buried  technique, 
general  and  local  reactions  remain  the 
same,  although,  on  account  of  the  impos- 
sibility of  maintaining  a  sterile  technique, 
infections  occur.  Ordinary  cleanliness,  ene- 
mas, irrigations,  etc.,  are  the  only  method, 
of  preparing  the  field  for  the  introduction 
of  the  needles.  Fever  of  102  to  104°  F.  has 
occurred,  with  the  other  usual  signs  and 
symptoms  of  general  toxemia.  Local  peri- 
tonitis has  occurred.  The  local  complica- 
tion may  be  hemorrhage  and  perineal 
abscesses.  Mild  hemorrhage  is  expected, 
and  if  severe,  the  rectum  is  packed  with 
vaselin  gauze  through  a  proctoscope  from 
the  rectal  side  and  if  bleeding  is  from  the 
distal  colostomy  loop,  a  long  proctoscope, 
small  in  diameter,  is  placed  in  the  loop  and 
fair  exposure  is  usually  obtained.  Vaselin 
packing  may  be  introduced  in  a  similar 
w'ay  as  from  below.  The  packing  is  removed 
in  forty-eight  to  seventy-two  hours.  The 
patient  is  supported  with  the  ordinary 
methods  to  control  hemorrhage. 

It  is  essential  that  accurate  records 
should  be  kept.  Figure  12  shows  the 
possibility  of  a  simple  rubber  stamp.  It  is 
self-explanatory. 

SUMMARY 

1.  Radium,  if  properly  applied,  causes 
a  definite  inhibitory  and  destructive  effect 
in  the  majority  of  neoplasms  of  the  rectum. 

2.  Suflicient  evidence  is  available  to 
prove  that  radium  is  a  valuable  adjunct 
when  added  to  our  present  surgical 
measures  in  the  treatment  of  cancer  of  the 
rectum.  The  closest  cooperation  between 
surgeon  and  radiologist  is  essential. 

3.  In  order  to  give  the  best  possible 
individual  treatment  and  to  avoid  dis- 
credit of  either  surgery  alone  or  surgery 
and  radium  and  roentgen-ray,  an  ab- 
dominal exploration  should  be  made, 
except  in  gross  inoperable  cases. 

4.  Following  exploration  which  deter- 
mines inopcrability  with  little  or  no  low- 
obstruction,  it  is  not  essential  to  make  a 
colostomy  in  orilcr  to  gi\e  the  radium  and 
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roentgen-ray  treatment  as  outlined.  Ob- 
ser\ation  at  intervals  of  from  six  to  eight 
weeks  is  essential  for  the  purpose  of 
determining  the  advisability  of  radical 
operation. 

5.  The  majority  of  patients  with  gross 
inoperable  lesions  should  be  given  the 
benefit  of  radium  and  roentgen-ray 
therapy.  A  colostomy  should  be  made  at 
the  first  sign  of  impending  obstruction. 

6.  The  majority  of  patients  receive 
inadequate  treatment.  It  is  impossible  to 
give  intensive  treatment  to  some  patients 
because  of  their  general  condition  and 
because  the  entire  tumor  cannot  be  ex- 
posed. In  patients  with  a  colostomy,  the 
growth  should  be  treated  through  the 
distal  loop.  If  the  mass  can  be  palpated  by 
digital  examination  of  the  vagina,  this 
cavity  should  be  packed  with  radium  in 
close  proximitv  to  the  rectal  tumor. 

7.  Early  diagnosis  is  paramount.  A 
digital  examination  should  be  made  rou- 
tinely of  all  patients.  An  early  proctoscopic 
examination  by  an  inexperienced  physician 
is  better  than  a  late  examination  by  a 
proficient  proctologist.  Microscopic  ex- 
amination is  of  definite  value  in  early 
cases  and  will  help  to  classify  the  cases,  as 
well  as  to  furnish  a  basis  for  prognosis  when 
patients  are  operated  on. 

8.  Some  neoplasms  of  the  rectum  re- 
spond readily,  while  others  are  resistant  to 
radium  and  roentgen  rays.  Long  survival  is 
possible  in  untreated  cancer  of  the  rectum. 


Our  conclusions  must  be  guarded  until  a 
large  series  of  cases  is  available  and  suffi- 
cient time  has  elapsed. 

9.  Since  radium  in  larger  quantities  and 
high  voltage  roentgen-ray  equipment  are 
at  present  available,  a  combination  of 
these  is  the  most  ideal  method  for  radiation 
therapy,  and  results  should  be  better. 
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POSSIBLE  DANGERS   IN  CONNECTION  WITH  THE 
OF  X-RAYS  AND  HOW  TO  AVOID  THEM 


USE 


BY  JOHN   S.   SHEARER,   PH.D. 


ELECTRIC  shock  is  due  to  an  electric 
current  passing  through  a  portion  of 
the  body-  The  seriousness  of  such  shock 
to  the  individual  will  depend  on  the  part 
of  the  body  traversed  by  the  current, 
on  its  amount  and  duration  and  on  the 
physical  condition  of  the  individuaL 

Data  with  reference  to  the  amount  and 
duration  of  current  that  would  give  a 
dangerous  shock  is  somewhat  limited,  but 
it  is  certain  that  a  small  fraction  of  an 
ampere  may  be  fatal  if  maintained  for 
even  a  brief  period. 

In  order  to  pass  an  electric  current 
through  the  body,  two  areas  of  contact 
must  be  established  between  two  points 
on  an  electric  circuit  that  are  maintained 
in  different  electrical  states.  We  indicate 
this  difference  in  condition  by  saying  that 
they  are  at  different  voltages,  or  that  a 
certain  voltage  exists  between  them. 

The  current  passed  will  i7icrease  with 
the  voltage  difference  and  decrease  with 
the  resistance  of  the  portion  of  the  body 
included  between  the  contacts.  The  resist- 
ance of  the  body  may  be  as  low  as  a  few 
thousand  ohms,  and  is  very  much  less 
when  the  skin  is  moist  than  when  it  is  dry. 

Deaths  due  to  circuits  where  the  voltage 
between  contact  areas  is  less  than  500 
volts  are  rare,  but  they  have  been  reported 
on  as  low  as  80  volts;  so  that  any  voltage 
capable  of  operating  an  .x-ray  tube  is 
well  above  any  lower  danger  limit,  and 
offers  opportunity  for  fatalities. 

In  order  to  maintain  an  electric  current, 
one  must  provide  a  means  of  mamtammg 
voltage,  as  a  flow  of  current  invariably 
tends  to  reduce  voltage.  Thus,  one  may 
charge  a  small  Lcyden  jar  to  several 
thousand  \olts  and  pass  its  discharge 
through  the  body  without  injury,  as 
there  is  only  a  momentary  current  and  the 
voltage  lost  is  not  replaced  by  a  generator. 
On  a  large  battery  of  such  jars,  this  brief 
current  might  be  so  large  as  to  cause 
serious  injury  or  death. 

We  are  mainly  concerned  with  high 
voltages   between    conductors   where   cur- 
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rent  is  supplied  by  generators  wholly  or  in 
part  maintaining  the  voltage.  Any  such 
circuit  is  potentially  dangerous,  and  to 
a  degree  depending  on  the  maintained 
\'oltage. 

Since  such  circuits  must  be  used,  we 
depend  on  insulation  or  on  insulators  to 
prevent  a  conducting  contact  with  the 
body. 

An  insulator  is  a  piece  of  material  that 
will  prevent  the  passage  of  an  appreciable 
current  when  two  points  thereon  are 
maintained  at  a  gi\en  voltage  difference. 
There  are  no  perfect  insulators,  and  we 
consider  insulating  power  as  ability  to 
pre\ent  the  passage  of  any  appreciable 
current  at  the  highest  voltage  to  which 
the  insulator  is  likely  to  be  subjected. 
Thus  if  one  applies  1,000  volts  to  an  Insu- 
lator having  a  resistance  of  10,000,000 
ohms,  only  one  ten-thousandth  of  an 
ampere  will  pass.  Insulators  often  rupture 
under  high  voltage,  and  also  in  many 
cases  acquire  surface  conductivity.  Thus, 
glass,  when  clean  and  dry,  Is  a  fairly  good 
insulator,  but  when  a  layer  of  moisture 
(especially  when  this  is  slightly  acid)  Is 
present,  its  insulating  power  is  greatly 
reduced.  Insulation  must  be  designed  and 
used  with  reference  to  the  voltage  to  which 
It  Is  to  be  subjected.  Thus,  complete 
Insulation  for  500  volts  may  be  of  little 
service  for  15,000  volts. 

Electric  shock  is  due  to  Jlow  or  movement 
of  charge,  not  to  Its  presence.  One  may 
become  charged  to  a  high  electric  voltage 
and  be  quite  unconscious  of  the  fact,  if 
the  charging  is  done  slowly;  also,  a  slow 
discharge  will  give  no  sensation.  In  order 
to  have  a  continuous  flow  of  current 
through  the  body,  we  must  have  two  points 
of  contact  with  more  or  less  conducting 
bodies  between  which  there  Is  maintained  a 
tendency  to  drive  electricity,  i.e.,  a  voltage. 

The  maintenance  of  voltage  is  due  to 
generators  of  various  types,  and  those 
voltages  high  enough  to  be  dangerous  are 
usually  secured  by  transformers  in  cases 
where  .v-ray  tubes  arc  operated. 

di^'d  May   l6,  1922. 
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As  a  general  rule,  our  bodies  are  in  more 
or  less  conducting  connection  with  the 
earth,  which,  due  to  moisture  and  large 
size,  is  a  fairly  good  conductor.  Also, 
generators  and  transformers  are  often 
connected  at  one  point  to  earth,  or 
"grounded,"  and,  in  general,  are  only  insu- 


Consider  a  generator  that  maintains  a 
\oltage  of  2,000  \olts  between  its  terminals 
when  supplying  current  to  a  line  of  400 
ohms'  resistance,  one  terminal  of  the  gen- 
erator being  grounded  (Fig.  i). 

The  large  conductor  AB  shown  is  at  no 
voltage  abo\e  the  earth.  Ci  is  2,000  volts 
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lated  at  other  points  for  voltages  somewhat 
in  excess  of  their  maximum  operating 
voltage.  Contact  by  the  body  with  a  non- 
earthed  point  on  the  circuit  will  offer  the 
current  a  choice  of  paths  between  the 
contact  point  and  the  grounded  point, 
either    through    the    body    or    along    the 


above  or  below  earth,  and  C-2  is  250  lower 
than  Ci,  or  1,750  above  earth.  A  person 
having  connection  with  the  earth  and 
touching  C7  would  have  one  point  of  his 
body  at  500  volts  above  another,  ^and 
might  be  injured.  He  could  probably  touch 
a  point  between  Cs  and  B  with  safety.  If 
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usual  path.  Some  current  will  take  the 
former  path,  and  it  remains  to  consider 
when  danger  arises. 

Let  us  assume  that  a  maintained  differ- 
ence of  potential  of  200  volts  between  two 
points  on  the  body  is  dangerous,  and  see 
under  what  conditions  we  may  have  such  a 
voltage.  A  higher  voltage  might  have  been 
chosen,  but  the  principle  is  the  same. 


insulated,  he  could  safely  touch  any  one 
point  between  Ci  and  B,  but  must  not 
touch  two  at  once,  between  which  a 
dangerous  voltage  exists,  as  say  C4  and  C7. 
Generators  furnishing  AC  current  at 
voltages  above  500  volts  are  not  wired 
directlv  to  house  hues,  but  to  transformers 
that  "step  down"  the  voltage.  This  is 
again  "stepped  up"  for  .v-ray  operation. 


242    Possible  Dangers  in  Connection  with  the  Use  of  X-rays  and  How  to  Avoid  Them 


Figure  2  shows  such  a  Hne  and  regions  of 
danger  where  a  grounded  middle  is  used. 
No  part  of  the  2,000  volt  hne  is  safe  for 
a\_person  grounded,  except  the  middle  of 
the  primary,  which  may  be  safe  if  con- 
nected to  the  case  or  earthed.  Any  part 
of  the  line  between  the  two  transformers 
is    reasonably    safe.    None    of    the    .v-rav 


\ery  dangerous,  or  even  fatal.  Concrete 
and  tile  floors  are  fair  conductors,  especial- 
ly when  moist.  Wood  floors  may  ha^•e 
nails  reaching  or  near  conducting  material. 
Figure  3  shows  the  circuits  in  this  case. 

On  contact  with  the  line,  one-half  of  the 
transformer  secondary  becomes  effective 
drivino;  current    from   the   outer   terminal 
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secondary  except  its  middle  point  can  be 
regarded  as  free  from  danger. 

Most  x-ray  transformers  have  their 
secondaries  wound  in  two,  four,  or  more 
sections  and  the  middle  of  the  system 
connected  to  the  metal  transformer  case. 
This  may  be  earthed,  or  simply  stand  on  a 
more  or  less  conducting  floor.  In  cither 
case,  when  one  comes  in  contact  with  the 


through  the  body  to  earth  and  back  to  the 
middle  point  of  the  secondary. 

When  one  secondary  terminal  of  the 
transformer  is  grounded  instead  of  the 
mid-point,  all  parts  of  the  line  between 
that  terminal  and  the  tube  will  be  safe  to 
touch  so  long  as  the  ground  is  maintained. 
However,  for  the  same  operating  potential 
the  uncrrounded  terminal  n\i11  be  twice  as 
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high  tension  line,  there  is  an  opportunity 
for  current  to  pass  through  the  body  to  the 
floor,  and  thence  to  the  middle  of  the 
secondary.  The  amount  of  this  current  lor 
a  given  line  voltage  will  vary  greatly  with 
the  resistance  of  the  support  on  which  the 
person  is  standing.  If  the  floor  is  highly 
insulating,  the  current  will  be  too  small 
to    i)c    troublesome;   otherwise    it    nun    be 


dangerous,  or  at  least  would  pass  twice  the 
current  o\er  the  same  resistance  as  be- 
fore, and  would  be  twice  as  likely  to  spark 
o\er. 

This  construction  is  frec[uently  used  with 
the  right-angled  dental  tubes  operating  on 
rather  low  voltage.  It  then  renders  the 
terminal  nearest  the  patient  safe,  and 
nuikes   proper  separation    from    the   other 
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line  imperative.  This  construction  should 
not  be  used  for  ordinary  5-in.  gap  outfits. 

Clearly,  the  only  entirely  safe  procedure 
is  either  to  insulate  compietelj'  all  parts 
of  the  high  tension  circuit,  as  when  trans- 
former, line  and  tube  are  all  immersed  in 
oil,  or  to  insulate  operators  and  patients  so 
that  contact  between  points  of  dangerous 
voltages  is  impossible.  Probably  neither  of 
these  can  be  fully  carried  out  for  all  work 
at  present,  but  much  can  be  accomplished 
to  reduce  danger,  even  in  old  installations. 

Nature  oj  Accidents  Reported.  A  survey 
of  reported  accidents  may  be  classified  as 
follows : 

1.  Accidental  closure  of  low  tension 
switch. 

2.  Short  circuit  of  foot  switch  or  lock- 
ing in  position. 

3.  Leaving  low  tension  switch  closed 
and  attempting  to  adjust  tube  or  reels. 

4.  Coolidge  filament  wires  hanging  too 
low. 

5.  Breaking  of  reel  wire  and  the  end 
attached  to  the  tube  falling  on  the  patient. 

6.  Attempting  to  set  a  double  scale 
milliammeter  when  operating  switch  is 
closed. 

7.  Failure   of  high  tension   insulators. 

8.  Crossing  of  high  and  low  tension 
lines. 

9.  Failure  of  insulation  of  low  tension 
circuit. 

10.  Bringing  the  tube  too  close  to  the 
patient. 

11.  Leaving  wires  too  close  to  the 
patient. 

12.  Spark-over  due  to  surge. 

13.  Failure  to  shift  high  tension  switch 
to    proper    side    before    closing    primary. 

14.  Breaking  of  overhead  line. 

15.  Attempting  to  measure  spark-gap 
with  a  ruler  when  power  is  on. 

16.  Discharge  to  diaphragm  control  due 
to  slack  reel  wire. 

17.  Break  in  primary  insulation  cutting 
out  part  of  the  control  and  thus  causing 
unusually  high  voltage. 

18.  Unusual  spark-over  due  to  failure  to 
close  hlament  circuit  on  a  resistance  con- 
trolled machine. 

19.  Contact  with  unused  connectors  or 
reels,  sometimes  in  rooms  where  one  has  no 
information  as  to  whether  high  tension  is 


on  or  not,  viz.,  fluoroscopic  room  separate 
from  the  radiographic,  and  operated  by  a 
transformer  in  the  latter — a  dangerous 
practice. 

Of  these  various  accidents,  all  were 
painful  and  some  were  fatal.  While  those 
enumerated  do  not  exhaust  the  possi- 
bilities, yet  it  their  chance  of  occurrence 
were  minimized  we  should  have  accom- 
plished considerable  toward  making  outfits 
electrically  safe. 

1.  Would  not  occur  if  it  were  necessary 
to  perform  two  voluntary  acts  each  time 
an  exposure  is  made  and  all  switches  were 
self-opening.  Thus  a  latch  device  that  has 
to  be  held  out  before  a  switch  can  be  closed, 
and  a  spring  opening  the  switch  when  the 
hand  is  removed  would  make  closure  delib- 
erate in  all  cases.  Push-button  switches 
should  have  a  stop  making  pressure  at  two 
points  necessary  for  operation. 

2.  No  foot  switches  should  lock  closed, 
or  have  such  weak  springs  as  will  permit 
a  slight  pressure  to  close  them.  All  breaks 
should  give  a  clearance  large  enough  to 
avoid  possibility  of  arc  or  accidental 
bridging. 

3.  Would  not  happen  if  the  suggestions 
in  No.  I  were  adopted  and  the  operator 
was  obliged  to  stand  where  there  is  a  full 
view  of  the  tube,  patient  and  high  tension 
line.  Lead  glass  windows,  if  used,  should  be 
large  enough  to  permit  such  a  complete 
\'iew. 

4.  If  o\erhead  tubing  is  used,  Coolidge 
wires  should  be  drawn  inside  of  one  tube 
and    reels    should    be    firmly    supported. 

5.  The  flimsy  reel  wire,  often  only 
tinsel,  so  commonly  used,  is  inexcusable. 
A  braided  tube  o\"er  a  twisted  center  made 
up  of  very  fine  enameled  copper  wire  is  at 
once  strong  and  flexible. 

6.  No  double  scale  milliammeters 
should  be  permitted.  For  treatment  a 
o  to  10,  for  radiography  a  o  to  100  scale 
covers  ail  needs.  This  would  avoid  danger 
of  changing  during  operation  and  of 
treating   with   an   improper  scale  setting. 

-.  A  noteworthy  example  of  this  was 
seen  where  a  hard  rubber  insulator  passed 
through  a  lead  box  on  a  vertical  fluoro- 
scope.  The  fluoroscope  w^as  mounted  on 
wooden  castors.  The  lead  was  left  sharp 
edged  around  the  rubber  and  by  corona 
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action  finally  broke  through.  The  dis- 
charge passed  from  the  lead  box  to  the 
metal  diaphragm  handle  to  the  observer 
and  thence  to  the  floor.  Micanite  tubes,  or 
hard  rubber  tubes  with  a  thin  inside  metal 
tube    would    prevent    such    an    accident. 

8.  This  means  improper  installation  or 
loose  wires  hanging  where  contact  is 
possible. 

9.  A  switch  opening  only  one  side  of  the 
power  line  was  opened  under  conditions 
giving  a  heavy  surge.  This  broke  through 
the  primary  insulation  in  such  a  way  as  to 
leave  a  small  primary  current  still  passing. 
All  circuit  breakers  and  switches  should 
break  both  lines,  i.e.,  be  of  the  double  pole 
type. 

10.  No  arrangement  of  ordinary  ap- 
paratus will  protect  a  patient  from  a  care- 
less operator. 

1 1.  Same  as  10;  reels  should  always  keep 
wires  taut. 

12.  This  may  exceed  ordinary  operating 
or  spark-gap  voltage. 

13.  Only  one  connection  should  be 
possible  at  one  time  and  the  operator 
should  be  able  to  close  the  circuit  only 
when  in  a  given  position. 

14.  Poor    construction    to    be    avoided. 

15.  A  careless  procedure.  A  well  insu- 
lated handle  and  a  proper  scale  should  be 
provided. 

16.  Poor  reels,  or  worn  covering.  See 
reel  wire  above. 

17.  May  give  a  much  greater  ^oltage 
than  intended. 

18.  On  large  machines  the  Coolldge 
filament  should  light  when  the  motor 
switch  is  closed. 

In  cases  i,  2,  3,  13  and  14  there  is  a 
chance  of  a  person's  coming  in  contact  with 
both  high  tension  lines,  and  it  is  immaterial 
whether  or  not  he  is  insulated.  In  all 
cases  where  contact  would  be  at  one  point 
only,  an  insulating  floor  would  be  a  great 
safeguard. 

Special  attention  should  be  given  to 
portable,  bedside  and  dental  machines, 
where  the  high  tension  lines  are,  or  may  be, 
dangerously  close  to  operator  or  patient. 
It  must  not  be  assumed  that  low  power 
transformers  arc  safe;  they  may,  as  stated 
above,  be  especiall>'  dangerous.  The  facts 
th.it     those    outfits    are    of    necessitv    so 


compact,  must  often  be  operated  in  very 
limited  space  or  adjacent  to  other,  appa- 
ratus and  in  proximity  to  nurses,  and 
often  on  bedridden  patients,  make  it 
imperative  to  render  them  as  safe  as 
possible,  and  then  to  insist  on  great  care 
in  their  operation. 

Foot  switches  should  never  be  used  with 
these  machines  on  account  of  the  danger 
of  their  closure  by  accident  while  the  tube 
is  being  adjusted.  The  high  tension  wires 
should  run  -serticallN'  upward  at  least  to 
the  level  of  the  tube,  and  pass  through 
insulating  tubes  of  mica  or  hard  rubber  to 
a  height  several  inches  abo\e  the  level  of  a 
bed.  All  the  high  tension  wires  should  be 
as  far  away  as  possible  and  must  be  kept 
taut.  They  should  have  a  quick  acting 
circuit  breaker  set  as  close  to  the  normal 
operating  current  as  possible.  Switches 
should  be  self-opening  and  should  require 
two  movements  for  their  closure. 

The  practice  of  making  dental  radio- 
graphs in  the  usual  metal  dental  chair  is  a 
constant  source  of  danger.  Such  work 
should  be  done  in  wooden  chairs  that  are 
well  insulated. 

Considerable  discussion  has  arisen  in 
connection  with  grounding  parts  of  .v-ray 
installations,  and  there  seems  to  be  an 
idea  prevalent  that  if  only  grounds  enough 
are  provided,  all  else  may  be  neglected. 
This  doubtless  arose,  in  part,  on  account 
of  the  grounding  of  conduits,  transformer 
cases,  motor  frames,  etc.,  in  wiring  practice. 
If  one  could  never  touch  any  wxgrounded 
portion  of  the  circuit,  safety  would  be 
certain,  but  if  one  does  touch  a  high 
tension  line,  then  contact  with  a  grounded 
floor  or  support  is  a  source  of  danger.  Note 
the  number  of  cases  where  electrocution 
has  resulted  from  contact  with  rather 
low  tension  circuits  when  a  person  was  in 
a  bath  tub,  standing  on  a  wet  cellar  floor, 
or  with  wet  shoes  against  a  radiator.  Here 
the  \  ictim  was  between  a  line  above  earth 
potential  and  the  earth.  A  lineman  does 
not  ground  himself,  if  he  can  a\oid  it, 
when  he  repairs  a  moderate,  much  less  a 
high  voltage  line;  rather  he  wears  insulat- 
ing gloves.  Also  good  wiring  rules  do  not 
permit  placing  a  metal  lani])  socket  in  a 
cellar  or  near  enough  to  a  bathtub  to  be 
reaclu'il  b\  the  occupant.  Porcelain  socket? 
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with  porcelain-covered  keys  are  used  in 
such  phices.  Grounding  never  secures  as 
complete  immunity  from  danger  as  does 
complete  insulation.  No  one  denies  the 
desirability  of  grounding  certain  things, 
but  we  must  not  delude  ourselves  that  no 
discrimination  is  needed,  for  the  improper 
use  of  grounded  conducting  material  may 
increase  rather  than  decrease  danger. 

Testing.  A  few  simple  tests  may  assist 
in  determining  whether  installations  are 
reasonably  safe  or  not: 

I.  What  regions  are  in  danger  of  spark- 
over  to  operator  or  patient?  Place  a 
metal  plate  or  water  in  a  metal  pail  on  the 
floor.  Insulate  a  miliiammeter  and  con- 
nect one  terminal  to  the  plate  or  the  water, 
fasten  a  piece  of  flexible  wire  to  a  dry  stick 
about  three  or  four  feet  long  and  approach 


it  to  various  parts  of  the  apparatus  when 
in  operation.  The  spark  distance  and  the 
milliampere  reading  will  give  a  fairly 
good  idea  of  the  danger  if  the  body 
replaced  the  wire. 

2.  Test  o\erhead  systems  by  hanging  a 
weight  on  the  middle  portion  considerably 
in  excess  of  the  pull  of  the  reels  when 
fully  extended. 

3.  Milliammeters  in  series  should  give 
identical  readings.  This  test  is  easily 
made. 

Line  leakage  in  therapy  can  be  tested 
by  putting  one  miliiammeter  close  to  the 
tube  and  the  other  close  to  the  trans- 
former. When  a  meter  near  the  trans- 
former reads  5  ma.,  and  .5  ma.  less  near 
the  tube,  the  error  is  considerable.  Leakage 
is  alwavs  greater  at  higher  voltages. 
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REPORT  OF  THE  SAFETY  COM- 
MITTEE PRESENTED  AT  THE 
LOS  ANGELES  MEETING  OF 
THE  A.  R.  R.  S. 

This  report  covers  only  one  phase  of  the 
subject  assigned  to  this  Committee  for 
stud3%  namely,  the  danger  from  high 
tension  shock.  In  formulating  our  report, 
we  have  thought  it  advisable  to  make  the 
following  recommendations.  A  preliminary 
discussion  of  the  subject  by  the  late  Pro- 
fessor Shearer  will  be  published  in  the 
Journal. 

1.  X-ray  equipment  should  not  be  in- 
stalled or  operated  in  low-ceiling  rooms 
with  overhead  piping,  or  in  damp  or  poorly 
ventilated  rooms. 

2.  Floors  should  be  covered  with  cork  or 
other  insulating  material. 

3.  Footswitches  should  not  be  used  in 
any  radiographic  work. 

4.  All  diagnostic  operating  switches 
should  automatically  and  positively  open 
when  released. 

5.  Double  scale  milliammeters  should  be 
eliminated. 

6.  Two  milliammeters  in  series  should 
be  used  in  treatment. 

7.  All  x-ray  apparatus  should  be  equip- 
ped with  quick  acting  circuit  breakers, 
preferably  of  double  pole  type.  These 
should  open  with  certaintj^  on  a  20  per 
cent  overload.  Circuit  breakers  should  be 
tested  at  least  once  a  month  and  a  perma- 
nent record  kept  of  these  tests.  Properly 
rated  fuses  should  be  used  in  addition  to 
circuit  breakers. 

8.  Where  overhead  high  tension  lines 
are  used  they  should  be  of  metal  tubing  not 
less  than  } -i  in.  in  diameter.  They  should 


be    firmly    mounted    and    extend    to   the 
transformer  or  rectifier  terminals. 

9.  High  tension  reel  wire  should  be  of 
fine  braided  enameled  copper  without 
cloth  covering,  strong  enough  to  stand  a 
pull  of  not  less  than  50  lbs.  weight. 

10.  High  tension  reels  should  be  firmly 
mounted  and  have  proper  winding  guides 
to  prevent  catching  when  winding,  and 
sufficient  tension  to  wind  up  against  a  pull 
of  I  lb.  weight. 

1 1 .  Vertical  and  horizontal  fluoroscopes 
should  be  so  enclosed  by  insulating 
materials  as  to  prevent  operator,  patient 
or  assistants  from  approaching  within 
sparking  distance  of  any  part  of  the  high 
tension  system.  Metal  screens  should  not 
be  used  if  the  fluoroscope  table  permits  the 
use  of  a  tube  over  the  patient. 

12.  In  every  installation  the  operatmg 
switch  should  be  so  placed  that  a  full  and 
unobstructed  view  is  had  of  the  high 
tension  line  to  be  used.  If  lead  glass 
windows  are  provided,  the\"  should  be 
large  enough  to  insure  such  a  view. 

13.  All  tables  used  for  treatment  with 
the  patient  between  the  tube  and  the 
table  should  be  made  of  insulating  material, 
unless  the  tube  and  terminals  are  enclosed 
in  a  permanent  grounded  case.  No  spring 
mattresses  should  be  allowed. 

14.  Tables  used  for  radiographic  and 
fluoroscopic  work  should  be  of  insulating 
material  when  practical,  and  the  handles  ot 
all  switches  and  diaphragm  controls 
should  be  of  such  material. 

15.  Where  tubes  in  more  than  one  room 
or  booth  are  to  be  operated  from  the  same 
transformer,  provision  should  be  made  so 
as  to  make  impossible  simultaneous  oper- 
ation or  closure   bv  anvonc  not  in  direct 
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charge  of  the  tube  or  line  used.  This  may 
readily  be  accomplished  by  suitable  inter- 
locking switches  or  otherwise. 

16.  All  bedside  or  portable  outfits  should 
have  their  high  tension  lines  so  placed 
that  they  permit  of  doing  bedside  work 
without  having  their  wires  come  nearer  to 
the  patient  than  the  tube  terminals. 

17.  No  treatment  apparatus  should  per- 
mit any  part  of  the  nigh  tension  svstem 
to  come  closer  to  the  patient  than  double 
the  operating  spark-gap,  unless  protected 
by  a  suitable  insulator. 

18.  Permanently  placed  grounded  metal 
screens  between  the  tube  and  the  patient 
are  permissible  and  advised  where  the 
spark-gap  exceeds  10  in. 

19.  Machines  for  high  voltage  therapy 
should  be  so  designed  that  their  milli- 
amperage  on  a  short  arch  discharge  is  not 
more  than  50  ma. 

In  conclusion,  the  Committee  recom- 
mends that  in  view  of  the  constant  and 
rapid  changes  taking  place  both  in  the 
application  of  x-ray  and  in  the  manufac- 
ture of  apparatus,  a  Board  be  appointed  to 
which  questions  having  to  do  with  the 
dangers  incident  to  the  use  of  radiation  of 
short  wave-lengths  and  the  apparatus 
used  to  produce  them,  can  be  referred. 
It  has  seemed  to  this  Committee  that  this 
subject  is  too  large  and  is  changing  too 
rapidly  to  be  covered  in  any  one  report, 
and  that  it  would  be  better  to  take  up 
individual  problems  as  they  arise. 
Respectfully  submitted, 

G.  W.  Holmes,  Chairman. 

P.  M.  Hickey. 

W.  D.  Coolidge, 

H.  K.  Pancoast. 


THE  DOCTOR   SOFIE  A.  NORD- 
HOFF-JUNG   CANCER   RE- 
SEARCH  PRIZE 

Dr.  Sofie  A.  Nordhoff-Jung  of  Washing- 
ton, D.  C,  U.  S.  A.,  has  founded  an  annual 
prize  of  five  hundred  dollars  bearing  the 
title,  "The  Sofie  A.  Nordhoff-Jung  Cancer 
Research  Prize."  This  prize  is  destined  for 
the  encouragement  of  researches  in  the 
etiology,  prevention  and  treatment  of 
cancer.  It  will  be  awarded  by  a  commission 


composed  of  members  of  the  University 
of  Munich,  Bavaria,  and  be  granted  for  the 
first  time  in  December  of  the  year  1923. 
The  commission  consists  of  Professors 
Borst,  Doederlein  and  Sauerbruch,  with 
Professor  von  Romberg  as  chairman. 
This  body  is  empowered  to  elect  successors. 
The  award  will  be  made  as  a  recognition 
of  the  most  conspicuous  work  in  the  world 
literature  bearing  on  cancer  research, 
done  at  a  time  antecedent  to  the  allotment 
of  the  award.  Though  the  prize  will  not 
be  awarded  on  a  competitive  basis,  the 
commission  Invites  all  research  workers  in 
cancer  to  submit  literature  on  this  subject. 


A  COMPLETE  EXAMINATION  OF 
THE  CHEST 

Does  practice  make  perfect?  In  relation 
to  the  clinical  examination  of  the  chest,  we 
certainly  hesitate  to  assert  that  it  does. 
It  is  a  frequent  experience,  in  certain  types 
of  cases,  to  doubt  one's  sense  of  hearing 
and  touch.  There  comes  a  time  in  every 
honest  clinician's  experience  when  varying 
and  not  necessarily  complex  changes  in  the 
lungs  puzzle,  confound  and  discourage  him. 
The  simplest  cases  are  frequently  the 
most  difficult  to  interpret,  and  often  after 
failing  to  diagnose  correctly  through  the 
sense  of  touch  and  hearing,  a  period  of 
discouragement  ensues. 

Specialists  in  chest  diseases  have  as  yet 
failed  to  see  the  enormous  value  of  fluoro- 
scopic and  radiographic  examination.  They 
have,  to  a  large  extent,  failed  to  combine 
the  sense  of  sight  with  the  other  two  senses, 
and  in  consequence,  have  lost  a  tre- 
mendous moral  support.  The  proper  use 
of  radioscopy  does  not  conflict  with  or 
contradict  other  physical  results.  It  is  a 
constant  education,  and  it  increases  the 
usefulness  of  the  physician's  hands  and 
ears  as  well  as  his  self-reliance.  Unhappily, 
in  the  past,  ignorance  and  prejudice  have 
hurt  both  the  chest  speciahst  and  the  radio- 
grapher. The  matter  needs  readjustment, 
that  greater  use  may  be  made  of  the 
advantages  of  x-rays. 

The  function  of  the  lungs  depends  upon 
changes  within  the  thorax,  and  frequently, 
although  a  correct  diagnosis  of  the  disease 
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is  made,  the  actual  functional  changes  are 
not  understood.  Fluoroscopic  examination 
to  determine  function  is  not  so  difficult  to 
carry  out  and  is  a  remarkably  exact 
method.  Without  it,  is  a  clinical  chest 
examination,  from  the  patient's  point  of 
view,  complete?  As  a  matter  of  record  and 
for  future  study  and  comparison,  the 
examination  should  include  a  fluoroscopic 
and  radiographic  examination.  When  the 
clinician  becomes  expert  in  this  method  a 
good  deal  of  prejudice  will  fall  by  the 
roadside.  In  that  day  the  saying,  "Prac- 
tice makes  perfect,"  will  be  more  truth- 
fully applied  to  the  examination  of  chest 
diseases.  James  A.  Honeij. 


AMERICAN  RADIUM  SOCIETY 

Eighth   Annual   Meeting 

The  American  Radium  Society  will 
hold  Its  eighth  annual  meeting  at  the 
Civic  Auditorium,  San  Francisco,  Calif., 
on  Monday,  June  25,  and  Tuesday, 
June  26,  1923.  A  program  of  unusual 
interest  and  merit  will  be  provided  and 


it  is  to  be  hoped  that  all  Interested  in 
this  \irlle  subject  will  make  a  special 
effort  to  attend.  The  American  Medical 
Association  is  holding  its  meeting  at 
San  Francisco  this  year,  and  thus  it  will 
be  possible  for  one  to  attend  the  meetings 
of  the  two  societies.  The  headquarters  of 
the  Radium  Society  will  be  the  Hotel 
Whitcomb.  This  Is  the  first  time  that  the 
American  Radium  Society  Is  holding  its 
meeting  on  the  coast,  and  It  Is  worth 
remembering  that  there  are  things  medical 
in  that  section  of  the  country  which  are 
well  worth  seeing.  Besides,  there  are 
atmosphere,    scenery    and    other  things. 

THE  LEONARD  PRIZE 

The  American  Roentgen  Ray  Society 
Is  again  offering  the  Leonard  Prize  in  1923, 
details  for  which  appear  on  advertising 
page  Hi  of  this  number  of  the  Journal. 
The  manuscripts  submitted  for  the  1921 
prize  were  of  a  high  order  of  merit  and 
covered  a  variety  of  subjects  pertinent  to 
roentgenology.  It  is  to  be  hoped  that  the 
contestants  for  the  next  prize  will  be 
equally  zealous  in  their  efforts. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  ?iew  Tor\  Citv,  are  iti- 
vited  to  make  the  office  of  The  Journal  (69  East  59th  Street,  J^ew  York;)  then  headquarters.  Mail, 
packages  or  baggage  may  he  addressed  in  our  care.  Hotel  reservations  wiU  gladly  he  made  for  those 
advising  us  in  advance:  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  T^eiu  Tor\  hospitals  on  file  in  our  office  daily. 


rRANSLATIONS  <S>^  ABSTRACTS 


Stokes,  John  H.,  and  Brown,  Philip  W. 
Two  Hundred  Syphilitic  Patients  Whose 
Chief  Complaint  was  "Stomach  Trouble": 
An  Interpretative  Analysis  of  the  Diagnosis 
of  Syphilis  in  Consultant  Medical  Practice. 
Am.  J.  M.  Sc,  Dec,  1922,  clxiv,  No.  6,  867. 
In  the  course  of  this  article,  the  authors  give 
some  extremely  interesting  statistical  data 
concerning  gastrointestinal  symptoms  in  cases 
of  syphilis.  In  a  series  of  200  patients,  there 
were  35  on  whom  needless  operations  had  been 
performed,  because  of  various  aspects  of 
syphilis  leading  to  the  complaints  of  stomach 
trouble.  On  the  other  hand,  there  is  a  group  of 
patients  who  present  a  problem  in  which  the 
surgeon  should  have  the  right  of  way  over  the 
syphilographer.  The  authors  recommend  that 
when,  after  a  very  careful  study,  the  question 
of  malignancy  is  raised  in  the  face  of  a  concomi- 
tant syphilis,  the  most  important  move  is  the 
surgical  exploration,  which  will  clinch  the  diag- 
nosis and  afford  the  patient  the  promptest 
and  best  prospect  of  relief.  On  the  other  hand, 
patients  with  inoperable,  or  presumably  inop- 
erable, abdominal  malignant  lesions,  from 
whom  a  suspicion  of  syphilitic  infection  can  be 
obtained,  should  be  given  the  benefit  of  treat- 
ment for  syphilis.  In  the  list  of  200  syphilitic 
patients  studied,  test  meals  were  given  in 
122  cases  and  roentgenological  study  made  in 
131.  The  roentgen  examinations  were  negative 
in  no,  II  had  duodenal  ulcer,  i,  gastric  ulcer, 
I,  cardiospasm,  4,  gastric  syphilis,  and  4, 
questionable  pyloric  lesions.  The  authors 
have  observed  striking  symptomatic  improve- 
ment in  certain  cases  of  gastric  and  duodenal 
ulcer  in  neurosyphilitic  patients  in  whom  the 
roentgen  ray  after  treatment  showed  the  lesion 
itself  to  be  still  present. 

Platt,  Harry.  Pseudo-Coxalgia:  A  Clinical 
and  Radiographic  Study.  Bril.  J.  Sur!^., 
Jan.,  1922,  ix.  No.  35,  366. 
The  author,  in  conjunction  with  his  radio- 
logical colleagues,  Dr.  J.  M.  W.  Morison  and 
Dr.  A.  E.  Barclay,  here  presents  an  extensive 
study  of  pseudo-coxalgia.  This  disease,  other- 
wise known  as  osteochondritis  deformans 
juvenilis  coxae,  is  a  definite  entity  representing 
the  reaction  of  the  metaphyseal  region  of  the 
upper  end  of  the  femur  to  the  stimulus  of  an 
infective  agent  of  attenuated  virulence.  The 
condition  is  comparable  with  the  arthritis 
deformans  juvenilis  coxae  which  is  seen  solely 
in  adolescents,  and  which  represents  at  this 
age  period  the  reaction  of  the  hip-joint  to  an 
infective  agent  of  a  similar  type.  The  whole 
cycle  of  radiographic  changes  is  peculiar  to 
pseudo-coxalgia  alone.  They  precede  and  out- 


last the  clinical  phenomena.  The  final  picture 
is  dominated  by  the  deformation  of  the  head 
of  the  femur,  which  is  enlarged  and  flattened. 
The  acetabulum  in  its  final  form  can  no  longer 
contain  the  whole  of  the  expanded  head.  De- 
formation of  the  head  of  the  femur  with  flatten- 
ing and  expansion  is  seen  also  in  conditions 
distinct  from  pseudo-coxalgia  during  childhood. 
There  is  no  evidence  to  show  that  in  these 
conditions  the  typical  structural  osseous  changes 
of  pseudo-coxalgia  have  preceded  the  stage  of 
flattening.  At  certain  stages  the  clinical  and 
radiographic  pictures  of  the  two  groups  of 
affections  may  show  considerable  resemblance. 
This  applies  particularly  to  cases  of  primary 
tuberculous  osteomyelitis  of  the  femoral  neck. 
In  the  conditions  known  as  tarsal  scaphoiditis 
(Kohler's  disease),  and  apophysitis  of  the 
tibial  tubercle  (Osgood-Schlatter's  disease), 
bony  changes  parallel  to  those  in  pseudo- 
coxalgia  are  found.  Conservative  treatment 
directed  toward  the  elimination  of  weight- 
bearing  has  no  proved  influence  on  the  train 
of  morbid  changes,  but  its  application  is 
indicated  during  the  stage  of  prominent 
symptoms.  Operative  treatment  directed 
toward  the  removal  of  the  dominant  lesion 
has  no  present  place  in  the  therapeutics  of  this 
disease. 

The  article  contains  a  very  complete  dis- 
cussion of  the  radiological  findings  which  should 
be  referred  to  in  the  original  by  radiologists 
who  wish  to  consult  with  authoritative  work. 

White,  J.  Renfrew.  A  Case  of  Multiple 
Pulsating  Bone  Tumors.  Brit.  J.  Surg., 
Jan.,  1922,  ix,  No.  35,  458. 
The  author,  after  commenting  upon  the 
rarity  of  multiple  pulsating  tumors  of  bones, 
cites  a  case:  Male,  aged  twenty-eight,  suff'ering 
from  painful  swollen  and  stiff  right  knee,  pain- 
ful swollen  right  heel,  varicose  veins  of  right 
calf.  Twelve  months  before,  he  had  knocked 
his  right  knee  with  some  violence  against  a 
counter.  Ten  months  later  he  inflicted  a  further 
and  more  severe  injury  on  the  joint  in  a  bicycle 
accident.  Some  three  years  earlier,  the  patient, 
while  in  military  service,  had  some  trouble 
with  his  right  heel,  which  subsided;  but  eight 
months  before  the  patient  was  seen  (four 
months  after  the  first  accident  to  his  knee)  his 
heel  again  became  tender  and  swollen.  X-ray 
examination  showed  marked  decalcification 
of  all  the  bones  of  the  foot,  reachinga  maximum 
in  the  os  calcis,  in  which,  indeed,  actual  cavity 
formation  seemed  indicated.  The  lower  end 
of  the  femur  showed  a  similar  change,  with 
signs  of  a  recent  pathological  fracture  of  the 
condyles.  A  clinical  diagnosis   of  tuberculous 


249 


250 


Translations  and  Abstracts 


disease  was  made.  The  femoral  condyles  were 
found  to  be  expanded,  and  at  several  places, 
perforated  by  a  very  soft  vascular  friable 
tumor  which  had  invaded  the  muscle,  and,  in 
places,  the  knee-joint.  The  tibial  tumor  was 
of  similar  structure.  The  patient  underwent 
several  operations,  the  first  for  scraping  away 
granulations  and  resecting  the  walls  of  the 
cavity.  The  wound  healed  by  first  intention. 
The  leg  was  maintained  in  a  plaster  of  Paris 
cast.  On  November  23rd,  the  patient  returned, 
complaining  of  pain  about  the  middle  of  the 
leg.  The  knee-joint  was  swollen  and  pulsating 
visibly,  and  a  marked  systolic  bruit  was  to  be 
heard,  over  the  joint,  with  a  stethoscope.  In 
the  middle  of  the  leg  over  the  front  of  the 
tibia  was  another  pulsating,  fluctuating  tumor, 
and  over  this,  too,  a  loud  bruit  was  audible. 
Radiologically,  there  was  seen  a  complete 
solution  of  continuity  of  the  shaft  of  the  tibia — 
a  spontaneous  fracture.  A  high  amputation  was 
therefore  done.  Examination  of  the  amputated 
limb  showed  the  femoral  condyles  excavated, 
expanded,  and,  at  several  places,  perforated, 
by  a  very  soft  vascular  friable  tissue,  which  had 
invaded  the  adductor  magnus  muscle  and,  in 
places,  the  knee-joint.  The  tibial  tumor  was  of 
a  similar  structure  and  appearance,  and  had 
destroyed  and  replaced  2  in.  of  the  shaft 
of  the  bone,  without,  however,  having  per- 
forated its  periosteal  sheath.  An  incision  into 
the  heel  and  remains  of  the  os  calcis  showed  but 
ordinary  scar  tissue,  and  nothing  to  suggest 
a  recurrence  of  the  tumor  growth.  The  final 
diagnosis  was  a  sarcomatous  formation  corre- 
sponding to  an  alveolar  sarcoma. 

Cherry,  Thomas' H.  The  Uses  of  Radium  in 
Gynecology.  New  York  M.  J.  &  Med.  Rec, 
July  5,  1922,  cxvi,  I. 

This  paper  gives  a  brief  outline  of  the  uses  of 
radium  in  gynecology.  In  the  course  of  his 
remarks,  the  author  states  that  all  cases  of 
uterine  carcinoma  are  not  fit  subjects  for 
radium  therapy,  any  more  than  they  are  ifor 
surgery.  When  a  large  fungating  carcinoma  of 
the  cervix  with  metastases  is  treated  with 
radium,  a  tremendous  amount  of  cell  destruc- 
tion takes  place,  with  the  consequent  absorp- 
tion of  the  products  of  cell  disintegration.  It  is, 
therefore,  necessary  to  ascertain  if  the  organs 
of  chmination  can  take  care  of  this  extra  strain 
placed  upon  them.  A  thorough  test  should  be 
made  of  the  patient's  general  physical  condi- 
tion, including  kidney  function  test,  urinary 
findings,  blood  chemistry,  hemoglobin  and  red 
cell  count.  If  a  patient  with  inoperable  cancer, 
for  example,  has  hemoglobin  of  30  to  40,  a 
2,000,000  red  cell  count,  and  urine  with 
albumin  and  casts,  and  with  a  piithalein  output 


in  two  hours  of  10  to  30  per  cent,  and  blood 
chemistry  showing  carbon  dioxide  combining 
power  of  25  to  40  per  cent  mgm.  to  100  c.c. 
and  a  marked  retention  of  urea  nitrogen  and 
creatinin,  that  patient  is  not  a  candidate  for 
radium.  First  transfuse  with  whole  or  citrated 
blood,  and  then,  if,  after  a  time,  the  patient 
improves,  radium  therapy  may  be  instituted. 

Perthes,    G.     Radiotherapy     of     Malignant 

Tumors.  J.  de  radiol.  et  d'electroL,  March,  1922. 

Radium,  July,  1922. 

The  author  reports  "the  present  actual 
state  of  roentgen  therapy"  on  "broad  lines" 
and  limits  himself  to  "three  questions  of 
particular  importance." 

First.  At  this  time  what  part  do  x-rays 
take  in  healing  malignant  tumors?  To  what 
extent  can  they  be  taken  into  account  in  fixing 
therapeutic  indications?  Of  the  cases  formerly 
treated  surgically,  which  ones  should  we  now 
submit  to  roentgen  therapy? 

In  the  beginning,  he  discusses  only  cases  of 
operable  cancer,  and  considers,  along  with  the 
successes  of  x-rays,  those  of  radium,  because  in 
spite  of  "irrefutable  theoretical  considerations 
on  the  basis  of  which  massive  homogeneous 
irradiations  with  strongly  filtered  .\-rays  are 
preferable  to  the  more  narrowly  localized 
action  of  radium,  practical  experience  has  shown 
that  better  therapeutic  results  are  obtainable 
with  the  combined  use  of  radium  and  x-rays." 

The  observation  that  x-ray  can  bring  about 
healing  of  cancers  of  the  lip  and  of  the  skin, 
first  made  by  Magnus  Moeller  in  1898,  has 
been  confirmed  many  times.  Likewise  have  such 
good  results  followed  radium  therapy,  and 
though  there  are  opinions  to  the  contrary,  the 
results  obtained  in  the  treatment  of  both  the 
prickle-celled  and  the  basal-celled  epithelio- 
mata  are  equally  good. 

From  the  esthetic  side  the  result  is  often 
ideal,  and  so  superior  to  surgery.  The  idea  that 
there  has  been  only  a  superficial  healing  must 
be  abandoned,  because  results  over  long  periods 
indicate  the  contrary. 

If  the  results  obtained  were  uniformly  good, 
roentgen  or  radium  therapy  would  alwaj'S  be 
the  preferred  method.  However,  such  is  not 
the  case,  as,  occasionally,  though  there  is 
disappearance  of  the  principal  tumor,  a  por- 
tion is  left  which  later  proves  unresponsive 
to  the  action  of  the  rays,  even  though  the 
treatment  which  obtained  the  earlier  good 
results  is  repeated.  Here,  occasionally,  radium 
will  give  good  results,  but  some  growths 
are  refractory  to  it.  In  cancer  of  the  lip, 
the  "cures"  after  three  years  are  about 
the  same  (80  per  cent)  with  cither  surgery 
or    irradiation.    In    treatment    of   cancers   of 
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the  lip  and  skin  the  author  prefers  irradi- 
ation, but  warns  that  the  patient  be 
kept  under  careful  observation.  For  cancer  of 
the  penis  he  prefers  radium  therapj-,  even  more 
than   for  epitheliomata   of  the   face   and   lip. 

In  cancer  of  the  buccal  mucosa  and  of  the 
tongue,  conditions  are  less  favorable  to  both 
surgery  and  radiotherapy,  and  no  cures  have 
been  observed  with  x-raj's  alone.  Strieker 
reports,  howe\er,  two  cases  of  papillarj^  cancer 
of  the  tongue  cured  four  years  after  treatment 
with  radium.  The  infiltrating  type  of  lingual 
cancer  is  the  least  responsive,  but  combined 
with  radium  and  deep  roentgen  therapy 
has  given  better  results.  Beclere  has  added  to 
his  translation  Regaud's  opinion  that  in  view 
of  the  dangerous  and  mutilating  results  of 
surgical  removal  of  the  tongue,  and  the  small 
number  of  cures,  the  continued  investigations 
of  radiotherapy  are  warranted  here. 

Though  in  cancer  of  the  jaw  some  cases  of 
healing  by  radium  have  been  reported,  the 
author  believes  that  the  improved  surgical 
technique  with  its  results  is  to  be  preferred. 

In  cancer  of  the  larynx  and  pharynx,  local 
healing  may  follow  x-Ta.y  and  radium  therapy, 
but  recurrences  and  metastases  are  frequent, 
and  surgery  must  be  resorted  to. 

Cancer  of  the  esophagus  is  best  treated  bj' 
A'-ray  and  radium,  and  though  cures  are  not  often 
the  result,  the  relief  to  the  patient  warrants 
their  use.  In  the  stomach  and  intestine,  surgery 
is  still  to  be  preferred.  If  some  day  radiotherapy 
is  to  be  given  preference,  it  will  be  first  for 
cancers  of  the  rectum.  Of  5  cases  treated  in 
191 8,  3  have  subsequently  died,  but  two  women 
were  living  and  in  good  health  about  three 
years  after  treatment.  The  tenesmus  passed 
away  after  a  time. 

Cancer  of  the  breast  can  sometimes  be  cured 
by  irradiation  alone,  one  \\riter  having  reported 
16.6  per  cent  and  another  14.2  per  cent  of  cures 
after  three  years,  where  no  surgery  was  done. 
However,  the  surgical  cure  is  better,  and  when 
the  cancer  is  operable,  surgery  is  to  be  preferred. 

In  treatment  of  cancers  of  the  cervix  uteri, 
combined  .v-ray  and  radium  therapy  is  most 
often  used,  although  remarkable  results  have 
been  obtained  by  the  use  of  .v-rays  and  of 
radium  alone.  However,  radiotherapeutic 
results  have  not  surpassed  the  surgical, 
although  many  inoperable  cases  can  be  credited 
to  radiotherapy.  But  most  of  the  clinics  claim 
best  results  in  patients  who  have  been  raj'cd 
after  operation,  and  in  only  carefully  chosen 
cases,  depending  on  the  location,  would  this 
writer  renounce  surgerj'  in  favor  of  radio- 
therapy alone. 

"Thus  with  the  exception  of  cancer  of  the 
esophagus   technically  accessible  to  the  knife 


but  practically  inoperable,  we  will  send  to 
radiotherapy  only  cancers  of  the  skin,  of  the 
lip,  and,  under  some  conditions,  but  not  always, 
cancers  of  the  tongue;  finally,  cancers  of  the 
larynx  above  the  vocal  cords  and  perhaps  with 
precaution,  cancers  of  the  rectum." 

The  greatest  results  from  roentgen  therapy 
have  been  in  the  inoperable  cases,  as  in  those 
of  the  breast.  Cures  are  not  often  obtained,  but 
the  ameliorations  are  ^^•orth  while. 

There  are,  of  course,  exceptions  to  all  cases, 
but  the  exceptions  do  not  nullify  the  rule  that 
even  with  the  aid  of  radiotherapy  the  cure  of 
inoperable  cancers  cannot  be  obtained. 

Postoperative  recurrences  frequently  respond 
to  irradiation  and  sometimes  remain  "cured" 
for  long  periods,  so  that  prophylactic  raying 
after  operation  is  generally  indicated.  However, 
Neher  found  more  recurrences  in  those  breast 
cases  that  had  been  rayed  than  in  those  that 
were  not  so  treated. 

As  to  roentgen  therapy  of  sarcoma,  he 
accepts  Jungling's  report  to  the  Congress  of 
German  Naturalists  reported  in  Strablen- 
therapie,  vol.  xii. 

Ljmphatic  sarcomata  react  well  to  roentgen 
therapy  as  compared  to  surgery,  and  should  be 
irradiated.  Metastases  and  extensions  are 
common. 

Periosteal  sarcoma  at  the  hip-joints,  shoulder 
region  and  pelvis  should  receive  .v-ray  therapy. 

Myelogenous  giant-celled  sarcomata  should 
be  irradiated  at  the  time  of  operation,  and 
radiotherapy  should  be  tried  before  resorting 
to  amputation. 

Osteosarcomata  of  the  skull  have  been  cured 
over  long  periods  by  roentgen  therapy. 

Sarcomata  of  the  superior  maxilla  should  be 
treated  surgically. 

All  inoperable  sarcomata  should  be  irradi- 
ated, even  the  gliosarcomata  \\'here  roentgen 
therapy  has  done  as  much  as  palliative 
trephining. 

In  cases  of  tumors  of  the  hypophysis,  good 
results  have  been  obtained,  and  also  in  tumors 
which,  like  them,  are  on  the  margin  of  neo- 
plasms of  good  or  bad  nature:  that  is,  the 
fibrous  nasopharangeal  tumors.  These  should 
not  be  operated  on  until  deep  roentgen  therapy 
has  been  tried. 

The  successes  which  are  reported  would 
have  seemed  unbelievable  twenty  years  ago, 
and  in  spite  of  the  bad  results,  we  must,  as 
physicians,  render  homage  to  the  progress, 
even  though,  as  operators,  we  may  deplore  it.  _ 

We  must  not  overlook  the  dangers  of  irradia- 
tion from  the  simplest  reactions  to  the  incur- 
able roentgen  cachexia.  These  are  fortunately 
becoming  fewer  and  fewer,  but  are  still  impor- 
tant. Also  we  must  bear  in  mind  the  uncertainty 
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of  results,  whether  the  teclinique  or  other 
things  are  responsible  for  them. 

Seco7id.  Is  the  task  of  roentgen  therapy 
solely  to  give  to  all  parts  of  the  body  which 
harbor  cancerous  cells  a  determined  dose  for 
these  cancerous  cells?  When  we  succeed,  may 
we  be  certain  of  success?  In  other  words,  is 
there  a  cancer  dose? 

Essentially  the  question  resolves  itself  into 
one  of  whether  or  not  the  cells  of  all  cancers  in 
all  patients  in  all  parts  of  the  body,  regardless 
of  histological  form,  react  in  the  same  way  to 
roentgen  rays.  Seitz  and  Wintz  say:  "We 
ought  to  refuse  to  admit  a  refractory  state  of 
sarcoma  or  carcinoma  cells  to  roentgen  rays." 
Against  this  we  have  seen  superficial  metastases 
disappear  under  light  irradiation,  whereas 
others  in  well-nourished  patients  would  not 
regress  though  given  the  lethal  irradiation  for 
the  skin.  The  author  agrees  with  Jungling  in 
saying  that  unfortunately  there  is  no  cancer 
dose,  even  omitting  the  cachetic  patients.  The 
difference  between  the  radiosensibility  of 
different  sarcomata  is  even  greater;  for 
instance,  lymphosarcomas  respond  to  a  small 
irradiation,  whereas  those  of  the  melanotic 
group  are  very  resistant,  and  moreover,  tumors 
of  the  same  histological  structure  frequently 
react  quite  differently  to  the  same  irradiation. 

Work  has  been  done  on  lower  animals, 
demonstrating  that  different  individuals  react 
differently,  and  the  same  is  unfortunately 
true  of  the  various  tumor  cells.  A  sort  of 
acquired  "radio-immunity"  must  also  be  con- 
sidered. We  must  take  into  account  every 
biological  condition  in  every  cell,  for  the 
question  of  radiotherapy  is  not  purely  a 
physical  problem. 

Third.  On  what  point  do  the  .\-rays  exert 
their  action?  How  may  one  represent  the 
mechanisms  of  their  action?  To  what  practical 
deductions  will  this  lead? 

We  know  that  .v-rays  act  principally  on 
tumor  cells  to  damage  them.  This  has  been 
conclusively  demonstrated  in  the  study  of 
sections  of  the  tumor  and  its  surrounding 
tissues.  The  nuclei  of  cells  have  been  attacked 
during  mitosis  and  without  reference  to  dis- 
turbed surrounding  blood  supply.  In  other 
words,  .v-rajs  in  sufficient  quantities  arrest 
growth.  But  this  may  not  be  all  that  takes 
place. 

The  selecti\e  action  on  certain  types  of 
cells  has  been  conclusively  demonstrated. 
However,  if  such  action  was  all,  we  could  gi\e 
enouiih  radiation  to  be  sure  that  the  growth 
would  disappear.  Unfortunately,  they  do  not 
disappear  with  the  heaviest  doses,  but  may 
grow  even  more  rapidly;  possibly  because  the 
surrounding  tissues  had  been  so  much  damaged 


that  they  were  unable  to  resist  the  tumor 
invasions.  Hence  we  should  try  to  damage  the 
malignant  cell,  and  not  overdose  its  normal 
neighbor. 

W'e  must  not  forget  the  importance  of  the 
whole  organism  as  well  as  the  mutual  actions 
of  the  normal  and  malignant  tissues  of  the  area 
affected,  lor  possibly  the  purpose  of  roentgen 
therapy  is  only  to  increase  the  natural  process 
of  healing. 

Bayne- Jones,  S.  and  Van  der  Lingen.     The 

Bactericidal    Action    of    Ultraviolet    Light. 

Joh7is  Hopkins  Hosp.  Bull.,  Jan.,  1923,  xxxiv, 

No.  383,  11-15. 

This  paper  describes  methods  by  which 
exact  determinations  may  be  made  of  the 
wave-lengths  of  light  which  kill  bacteria. 
The  sparks  of  various  metals  were  used  as 
sources  of  ultraviolet  light,  except  in  a  few 
experiments  when  it  was  necessary  to  take 
advantage  of  sunlight  because  of  its  greater 
intensity.  In  most  of  the  work  a  quartz  spec- 
trograph was  used.  The  absorption  spectrum  of 
a  bacterial  emulsion  was  correlated  with  the 
limits  of  the  bactericidal  action  of  light. 
The  effect  of  temperature  and  the  influence  of 
hydrogen-ion  concentration  upon  the  limits 
and  velocity  of  the  germicidal  action  of  ultra- 
violet light  were  determined.  From  the  results 
of  these  experiments  the  following  conclusions 
are  drawn: 

1 .  The  bactericidal  action  of  light  is  confined 
to  the  ultraviolet  region  of  the  spectrum, 
beginning  at  350„,„  and  extending  with  increas- 
ing intensity  to  the  shortest  wave-lengths 
measurable  with  a  quartz  spectrograph:  185.6U1,. 

2.  These  limits  coincide  with  the  absorption 
of  ultraviolet  light  by  bacteria. 

3.  The  temperature  coefficient  for  the  bac- 
tericidal action  of  light  was  found  to  be  1.05 
over  a  range  of  10°  C,  and  the  constant  u  in  the 
formula  Arrhenius  was  934  to  9-5. 

4.  An  increase  in  hydrogen-ion  concentra- 
tion of  the  fluid  in  which  bacteria  are  suspended 
during  their  exposure  to  ultraviolet  light 
increased  the  velocity  of  the  bactericidal 
action.  The  accelerating  effect  began  at  P*  4.6, 
the  isoelectric  point,  and  was  very  strong  in 
lluids  more  acid  than  this. 

j.  Neither  temperature  nor  the  hydrogen-ion 
concentration  rendered  bacteria  sensitive  to  the 
longer  wave-lengths  of  light. 

Sherk,    Henry    H.     Total    Transposition    of 
Viscera.    Surg.,  Gyi^ec.  i!"  Obst.,  July,    1922, 
XXXV,  No.  I. 
Aristotle's     writings     show     that     he     had 

observed  two  instances  of  transposed   organs 

in  animals. 
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Petrius  Servius,  in  1615,  recorded  the  first 
human  case  as  occurring  in  Rome,  but  Carl 
Beck  states  that  the  first  autlientic  case  was 
reported  in  the  time  of  Moiiere,  in  the  person 
of  Marie  de  Medici,  Queen  of  France. 

Kuechenmeister  was  the  first  to  recognize 
the  condition  during  life,  based  on  the  exam- 
ination made  by  percussion  and  auscultation. 

According  to  Sorge,  the  first  .v-ray  record  of 
this  condition  was  made  bv  Vehemever  in 
1897. 

In  1865,  Grueber  collected  -'g  cases  from  the 
literature,  only  fne  of  which  had  been  recog- 
nized during  life. 

Kuechenmeister,  in  1888,  collected  149 
cases.  By  1895,  Pic  was  able  to  collect  190 
reported  cases,  and  in  1902  Arneil  added, 
including  his  own,  44  more,  38  of  which  were 
recognized  during  life. 

Karashuma,  in  1912,  catalogued  over  200 
cases  and  gave  what  is  presumably  the  best 
historical  resume. 

A  communication  from  the  Mayo  clinic 
states  that  a  hurried  search  of  their  records 
shows  10  cases  indexed  since  191  o.  From  the 
same  period  their  registration  was  approxi- 
mately 347,000,  or  I  case  in  34,7'oo,  which 
compares  with  the  writer's  cases,  found  in 
35,000  army  recruits  examined  by  him. 

Transposition  may  be  total  or  partial.  The 
former  is  by  far  the  more  common.  The  latter 
is  very  infrequent.  This  is  especially  true  of 
true  congenital  dextrocardia,  as  an  isolated 
condition,  of  which  Schreotter  says:  "None, 
not  combined  with  transposition  of  other 
viscera,  have  actually  been  confirmed  by 
autopsy." 

Total  transposition  of  viscera  is  apparently 
twice  as  common  in  men  as  it  is  in  women,  and 
when  occurring  in  women  it  has  no  effect  on 
their  child-bearing  ability. 

Statistics  on  which  to  base  the  incidence  of 
heredity  could  not  be  found  in  literature,  no 
case  having  been  recorded  in  which  the  condi- 
tion occurred  in  parent  and  child.  Brinible- 
combe  reports  one  instance  of  two  cases  in  the 
same  family,  brother  and  sister.  It  has  been 
suggested  that  twin  pregnancy  may  have  some 
relationship  to  the  condition,  but  the  writer 
has  no  knowledge  of  such  a  causation. 

Bryant,  John.  Visceroptosis:  Normal  Inci- 
dence. J.  Am.  M.  Assn.,  Oct.  29,  1921, 
Ixxvii,  1400. 

The  author  is  reporting  large  series  of  statis- 
tical studies  based  on  extensive  post-mortem 
observations  which  ought  to  be  of  great  interest 
to  every  roentgenologist.  His  charts  are  based 
on  1966  observations  on  290  unselected  post- 
mortem  sections  of  all  ages  and   both  sexes. 


The  original  articles  should  be  valuable  to 
every  diagnostician.  The  author's  summary  is 
as  follows: 

1 .  Visceroptosis  is,  in  general,  not  progressive 
with  age.  This  is  due  to  the  fact  that,  although 
the  percentage  of  ptosis  of  certain  viscera 
increases  with  age,  this  percentage  increase  is 
offset  by  a  decreasing  frequency  with  age  in 
respect  to  other  viscera. 

2.  Visceroptosis  affecting  one  or  more  organs 
was  present  to  some  extent  in  48  per  cent  of  all 
cases  examined,  it  being  extreme  in  10.2  per 
cent  of  the  males  and  19.7  per  cent  of  the 
females. 

3.  Visceroptosis  affecting  the  liver,  right  and 
left  kidney,  stomach  and  pylorus,  is  acquired. 

4.  Visceroptosis  affecting  the  large  intestine 
is  in  both  sexes  largely  congenital  or  develop- 
mental. The  percentage  frequency  of  ptosis  of 
certain  portions  of  the  large  intestine  does, 
however,  further  increase  with  age  in  both 
sexes.  The  greatest  discrepancy  between  the 
male  and  female  in  regard  to  the  percentage 
frequency  of  coloptosis  in  the  adult  occurs  at 
the  ileocecal  valve.  Thus,  this  portion  of  the 
colon  shows  an  extreme  degree  of  ptosis  in  12.1 
per  cent  of  the  males  of  all  ages;  this  contrasts 
with  an  extreme  degree  of  ptosis  at  the  ileocecal 
valve  in  39.4  per  cent  of  the  females  of  all  ages. 

5.  No  normal  standard  of  frequency  of 
visceroptosis,  based  on  unselected  material, 
exists. 

In  the  absence  of  such  a  normal  standard, 
proper  evaluation  of  the  degree  of  deviation 
reported  in  any  selected  roentgenologic  or 
other  series  of  cases  is  impossible. 

A  standard  of  frequency  of  visceroptosis 
which  may  be  considered  adequate  until 
corrected  by  future  investigators  is  made 
available  in  tabular  form  in  the  present  article. 

Lawrence,  R.  D.  The  Effect  of  A'-Rays  on 
Enzyme  Action.  Arch.  Radiol.  C"  Electroth., 
Jan.,  1922,  xxvii,  244. 

The  literature  on  this  topic  is  scanty  and  the 
results  contradictory.  After  careful  study  by  a 
method  which  is  described  in  detail  in  the 
original  article,  the  author  concludes  that 
radiation  has  no  effect  on  enzyme  action  as 
shown  by  the  method  he  employed,  and  there- 
fore the  effect,  if  any,  is  extremely  slight  and  of 
no  practical  importance.] 

Roberts,  R.  E.  A  Case  of  Extreme  Dilatation 
of  the  Duodenum  Due  to  Chronic  Obstruc- 
tion. Arch.  Radiol,  (if  Electroth.  Jan.,  1922, 
xxvi,  237. 

The  author  reports  a  rare  case  of  extreme 
dilatation  of  the  duodenum  in  which  immedi- 
ately after  the  opaque  meal  the  stomach  was 
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found  to  be  normal,  the  duodenal  bulb  not 
being  seen.  After  two  hours  the  stomach  was 
seen  to  be  emptying  normally,  but  that  barium 
which  had  passsed  out  was  seen  to  be  lying 
at  the  bottom  of  a  large  C-shaped  sac  with  its 
Io\\er  border  low-  down  in  the  pelvis.  Above  the 
Ijarium  shadow  the  sac  was  seen  to  be  almost 
fdied  by  fluid  capped  with  gas.  The  upper  free 
level  of  this  fluid  showed  as  a  horizontal  line 
above  and  to  the  right  of  the  pylorus.  A  trace 
of  barium  could  be  seen  on  the  floor  of  the 
upper  arm  of  the  C.  The  middle  portion  of 
the  sac  is  traversed  by  delicate  circular  bands. 
The  lower  portion  of  the  sac  could  be  freely 
moved  over  the  abdomen,  especially  on  the 
left  side;  this  was  more  evident  in  the  hing- 
down  position.  Six  hours  and  twenty-five 
minutes  after  the  meal  a  considerable  residue  of 
the  barium  food  was  still  present  in  the  stomach, 
together  with  a  large  amount  of  secretion;  the 
sac  described  above  could  be  made  out  at  this 
and  all  subsequent  examinations  up  to  forty- 
eight  hours,  a  very  small  residue  of  barium 
being  still  visible  in  the  stomach.  An  x-ray 
diagnosis  of  dilated  duodenum  was  made. 
At  the  duodenojejunal  flexure  a  crescentic  band 
ot  cicatricial  tissue  was  found,  which  caused  a 
partial  stenosis  of  the  gut  at  this  point.  About 
2  in.  below  this  there  was  a  hernial  orifice  in  the 
mesentery  of  the  jejunum,  through  which 
almost  the  whole  of  the  remainder  of  the 
small  intestine  had  passed,  but  there  was  no 
evidence  of  obstruction  of  the  small  bowel  at 
any  point  other  than  the  above. 

ScHOLz,  Thomas.  A  Roentgenological  Contri- 
bution to  the  Diagnosis  of  Spinal  Carcinoma 
in  Cases  Having  an  Unrecognized  Primary 
Focus.  New  York  M.  J.,;  Nov.  15,  1922, 
cxvi,  566. 

Early  diagnosis  of  spinal  metastasis  in 
cases  showing  no  apparent  primary  focus  is 
very  diflicult.  It  may  be  arrived  at  by  means 
of  a  thorough  and  careful  analysis  of  its  only 
symptom,  pain,  and  a  careful  observation  of 
the  course  of  the  disease  with  its  characteristic 
remissions.  Presence  of  a  round  gibbus 
strongly  speaks  against  spinal  tuberculosis. 
Sciatica  in  elderly  people,  especially  if 
bilateral,  is  suggestive  of  neoplasm  of  the 
lumbar  spine.  Radiographic  examinations 
may  prove  to  become  of  great  diagnostic 
help  early  in  the  disease.  They  should  be  made 
repeatedly  and  should  be  arranged  indi- 
vidually according  to  the  clinical  aspect  of  the 
case.  They  should  not  be  limited  to  the  part 
of  the  spine  called  for,  but  should  include  the 
entire  spine  and  such  other  parts  of  the  body 
as  may  be  suspected  of  having  some  i)earing 
upon  the  diagnosis,  especially  the  skull   and 


upper  parts  of  the  femora.  The  radiographic 
appearance  of  the  metastatic  changes  may 
give  a  suggestion  regarding  the  true  nature  of 
the  unknown  primary  focus.  Mechanotherapy 
seems  to  be  very  harmful  in  cases  of  spinal 
metastases  and  should  therefore  be  made  use 
of  with  great  care  in  spinal  conditions.  An 
early  diagnosis  in  spinal  carcinoma  may  give 
hope  of  a  cure  in  cases  like  the  first  one 
reported,  where  the  secondary  involvement 
was  solitary  and  comparatively  small,  and 
the  primary  focus,  if  recognized,  could  have 
been  removed  surgically.  Deep  x-ray  therapy 
in   such   cases   may   save  the   patient's   life. 

Pfahler,  George  E.  The  Treatment  of 
Skin  Cancer  by  ^V-Rays,  Radium  and 
Electrocoagulation.  New  York  M.  J.,  Nov. 
15,  1922,  cxvi,  553. 

The  author  urges  that  precancerous  lesions 
such  as  warts,  moles,  keratoses,  and  slowly- 
healing  fissures  should  be  destroyed  by 
electrocoagulation,  and  in  this  way  a  great 
many  cancers  can  be  prevented.  Every  case  of 
epithelioma  should  be  thoroughly  treated  and 
completely  eliminated  at  once.  It  is  unwise  to 
destroy  cancer  piecemeal.  Radium  properly 
applied  is  the  best  single  agent  in  the  treatment 
of  cancer.  In  all  well-advanced  cancers  two  or 
more  methods  can  generally  be  combined  to 
advantage  in  the  complete  elimination  of  the 
disease.  Skill,  keen  judgment,  and  careful 
consideration  of  the  individual  patient  count 
for  much  in  this  field,  as  they  do  in  ever}-  other 
branch  of  medical  science. 

Thomas,  B.  A.,  and  Pfahler,  G.  E.  Tech- 
nique of  the  Treatment  of  Carcinoma  of  the 
Bladder  and   Prostate  bj-  a   Combination 
of    Surgery,    Electrocoagulation,    Radium 
Implantation   and    Roentgen    Rays.    Arch. 
Surs.  IMch.,  1922,  iv,  451. 
A  very  interesting  and  attractive  method 
of  combination   of  surgery   and   radiological 
treatment    of   bladder    and   prostatic   malig- 
nancies is  described.  In  some  cases  the  applica- 
tion is  through  a  suprapubic  cystotomy,  and 
in    others    through    a    perineal    incision    for 
exposure  of  the  prostate  and  accurate  needling 
with  radium  needles.  Electrocoagulation  was 
used  in  a  certain  number  of  cases.  Employing 
this  combination,  or  quartet,  of  therapeutic 
measures,  26  patients  have  been  treated.  It  is 
true    that    originally,    in    a    few    cases,    the 
authors'    methods,    with    the    present   tech- 
nique,   were   comparatively    crude   in    some 
respects.    Until    three   years    ago,    when    the 
small  needles  came  into  use,  they  were  obliged 
to  plant  the  radium  en  masse  into  the  growth 
or  its  bed;  also,  the  electrocoagulation  of  the 
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growth  was  not  so  intensively  and  thoroughly 
done;  indeed,  in  some  instances,  the  tumor  was 
destroyed  or  removed  by  the  electrocautery, 
prior  to  the  implantation  of  radium. 

Nevertheless,  it  is  a  remarkable  fact  that  in 
this  series  of  cases,  although  some  patients 
have  not  been  relieved  of  their  symptoms,  or 
their  symptoms  have  returned  after  a  period 
of  improvement  or  actual  freedom,  onh'  two 
are  known  to  be  dead,  and  one  has  been 
untraceable,  a  result  that  could  not  have  been 
paralleled  by  any  other  form  of  treatment. 
The  majority  of  these  patients  have  been 
treated  and  observed  only  during  the  last 
three  years;  therefore,  the  authors  are  not 
justified  in  drawing  conclusions,  nor  is  it  their 
intention  to  make  any  particular  claims  as  to 
end-results.  They  desire  simply  to  describe 
the  technique  evolved  from  experience  and  at 
present  employed  in  this  surgically  unwelcome 
and  disheartening  type  of  formerly  inoperable 
bladder  and  prostatic  carcinoma,  and  to  say 
that  it  is  their  conviction  that  the  treatment 
here  described  and  practiced  offers  more  in 
the  way  of  prolongation  of  life,  if  not  cure  in  a 
few  rare  instances,  than  any  other  method  of 
treatment  heretofore  employed  in  this  partic- 
ular deplorable  type  of  malignant  disease. 

Heckel,  Edward  B.  Non-Surgical  Treatment 

of  Malignant   Epibulbar  Neoplasms.  Arch. 

Ophlh.,  Mch.,  1922,  li,  141. 

The  author,  in  19 15,  reported  a  case  of 
epibulbar  sarcoma  treated  with  roentgen 
rays  in  1910  with  a  technique  which  resulted  in 
complete  cure  of  the  malignancy  and  the  pres- 
ervation of  a  perfectly  functioning  eyeball. 
The  success  in  this  case  was,  the  writer  believes, 
the  result  of  keeping  the  anterior  segment 
of  the  eyeball  wet  during  the  exposure  to  the 
roentgen  ray,  by  the  continuous  dropping  of  a 
normal  salt  solution  over  the  eyeball.  Since 
then,  he  has  been  able  to  discard  the  salt 
solution,  due  to  better  and  more  efficient 
.v-ray  tubes.  The  technique  employed  in  the 
following  cases  consisted  of  placing  the  patient 
in  a  recumbent,  comfortable  position,  the  face 
covered  with  a  piece  of  tin  foil  perforated  with 
a  small  hole  a  little  larger  than  the  neoplasm, 
and  so  placed  that  when  the  patient  was  directed 
to  look  in  a  certain  direction  the  aperture  in 
the  tin  foil  was  directly  over  the  neoplasm. 
This  procedure  permits  the  patient  the  free 
use  of  the  eyelids  so  that  he  may  wink  as  often 
as  he  desires;  in  this  manner  the  cornea  is  kept 
moist  and  cannot  dry. 

Case  I.  Epidermoid  carcinoma  of  right  eye 
treated  by  Dr.  George  W.  Grier.  First  applica- 
tion 5  ma.  current;  B^-^  in.  parallel  spark-gap; 
anode  skin  distance  8  in.;  no  filter;  time  two 


and  a  half  minutes.  Five  days  later  same 
treatment  repeated;  three  days  later  same 
treatment  with  three  instead  of  two  and 
a  half  minutes;  four  days  later  same  treatment 
as  on  the  third  exposure.  After  these  four 
treatments  the  patient  was  given  twenty-one 
days'  rest.  At  the  end  of  this  time  there  was 
still  a  small  part  of  the  growth  remaining.  Fifth 
exposure  twenty-four  days  after  the  fourth, 
this  time  with  10  in.  spark-skin  distance, 
three  and  a  half  minutes.  Sixth  exposure,  three 
days  later,  the  same  as  the  fifth  except  three 
minutes.  The  seventh  exposure,  two  days 
later,  the  same  as  fifth  exposure.  One  month 
later,  lesion  was  completely  healed  and  remained 
so. 

Case  II.  Squamous-cell  carcinoma,  right 
eyeball.  Treatment  again  bj''  Grier  as  outlined 
above,  twelve  exposures  being  given  during 
seventy  days.  Photographs  of  the  patients  and 
microphotographs  of  the  tissue  removed  at 
biopsy  accompany  the  article.  The  author  calls 
attention  to  the  necessity  of  adding  treatment 
with  the  actual  cautery  or  electrocautery  in 
certain  cases  where  the  neoplasm  protrudes 
through  the  lid  aperture. 

Regaud,  CI.  The  Error  of  Division  and 
Too  Frequent  Repetition  of  Doses  in  the 
Radiation  Treatment  of  Cancer.  Paris 
Med.,  Feb.  4,  1922. 

According  to  this  author,  the  cure  of  a 
cancer  requires  the  destruction  of  all  the  malig- 
nant cells.  The  time  during  which  the  total 
dose  necessarj'  for  its  destruction  can  be 
administered  is  variable.  Often,  however, 
cancers  are  treated  by  small  doses,  frequently 
repeated,  during  a  long  period  of  time.  There 
are  two  objections  to  this  division  and  frequent 
repetition  of  doses.  On  the  one  hand,  the  repeti- 
tion of  non-lethal  doses  of  irradiation  produces 
a  sort  of  immunity  on  the  part  of  the  neo- 
plastic tissue.  On  the  other  hand,  there  is 
brought  about  a  sensitization  of  the  normal 
tissues.  This  condition  is  frequently  observed 
in  superficial  malignancies  on  the  face.  Where 
this  technique  has  brought  the  progress  of  a 
lesion  to  a  standstill,  and  on  account  of  ulcera- 
tion no  further  radiation  can  be  given,  it  is 
important,  then,  to  administer  the  total 
treatment  of  a  cancer  at  one  application  if  one 
wishes  to  achieve  a  complete  cure. 

Bryant,  John.  Visceral  Adhesions  and  Bands: 
Normal  Incidence.  Am.  J.  .\t.  Sc,  Jan., 
1923,111,165. 

This  paper  is  a  continuation  of  studies  al- 
ready noticed  in  these  columns,  undertaken  by 
Bryant  on  a  large  series  of  unselected  post- 
mortem   sections.    The    following   conclusions 
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are  of  great  interest  to  diagnosticians,  especially 
roentgenologists. 

The  transverse  colon  is  more  frequently 
involved  by  adhesions  than  any  other  abdomi- 
nal viscus.  Seven  women  and  eight  men  out  of 
every  ten  persons  presumably  have  some 
involvement  of  this  viscus  by  congenital  or 
acquired  adhesions.  Next  in  order  of  frequency 
of  involvement  come  the  gall-bladder,  duode- 
num, peritoneum,  omentum,  ascending  colon, 
hepatic  flexure,  appendix,  liver,  and  descending 
colon. 

Within  a  range  of  variation  not  usually 
exceeding  10  per  cent,  the  rate  of  involvement 
of  a  given  viscus  may  be  greater  in  the  male 
or  in  the  female,  and  this  relative  rate  of 
involvement  with  regard  to  sex  may  further 
vary  with  age. 

The  rate  of  involvement  by  adhesions  is  for 
several  viscera  higher  in  the  fetus  than  at 
later  ages,  as  the  transverse  colon  in  the  male 
and  the  terminal  ileum  in  the  female. 

The  rate  of  involvement  by  adhesions 
increases  rapidly  with  progressive  age  for 
certain  other  viscera,  as  the  sigmoid  flexure 
in  the  male  and  the  adnexa  in  the  female. 

The  age  of  forty  is  critical  in  both  sexes 
with  reference  to  the  average  number  of  viscera 
involved  by  adhesions  in  any  given  case. 
After  the  age  of  forty,  there  is  a  sudden  increase 
of  involvement  by  about  50  per  cent  in  both 
sexes,  the  increase  being  somewhat  more 
marked  in  the  male  than  in  the  female. 

Complexity  is  practically  a  synonym  for  age 
with  regard  to  the  number  of  viscera  involved 
in  any  given  adhesive  process.  This  increase 
in  complexity  amounts  to  over  200  per  cent 
after  forty  years  of  age. 

Variety  in  the  character  of  the  adhesions 
present  also  increases  with  age.  A  sudden 
marked  increase  of  nearly  100  per  cent  occurs 
in  the  thirty-forty  year  decade,  or  ten  years 
earlier  than  the  onset  of  the  marked  increase 
with  regard  to  the  average  number  of  viscera 
involved,  and  the  onset  of  the  increase  in  the 
complexity  of  the  adhesions  themselves. 

The  distinguishing  characteristics  of  con- 
genital or  developmental  adhesions  are  sim- 
plicity and  lack  of  \ariety  in  tjpe. 

The  distinguishing  characteristics  of  ac- 
quired adhesions  arc  complexity  and  variety 
in  type. 

Poos,  Fritz.  Concerning  the  Indirect  Damag- 
ing Effects  of  Irradiation  on  the  Body 
through  Irradiation  of  Isolated  Organs. 
Klin.-therap.  W'chnschr.,  Apr.  22,  1922, 
p.   836. 

No  evidence  has  been  found  for  the  possi- 
bility of  influencing  the  specific  function  of  the 


hypophysis  through  .v-ray  irradiation.  The 
infantile  development  of  the  genitalia  which 
occurs  on  .v-ray  irradiation  of  the  hypophysis 
is  not  dependent  upon  hormones  and  should 
not  be  considered  analogous  to  the  constitu- 
tional infantilism.  The  genital  infantilism  is 
considered  as  part  of  the  phenomena  of  a 
typical  general  deterioration  brought  about  by 
generalized  indirect  action  of  the  rays.  In  all 
the  irradiated  (.v-rayed)  animals,  whatever  the 
place  chosen  for  irradiation,  the  condition  of 
the  organs  was  essentially  similar  to  the  condi- 
tion of  organs  exposed  to  the  direct  action  of 
the  rays — a  typical  deterioration  of  the  organs 
with  increased  metabolic  rate  (changes)  in 
the  cells. 

Groover,  Thomas  A.  The  Relation  of  Radi- 
ology to  Cancer  Control.  South.  M.  J.,  Jan. 
1923,  xvi,  II. 

The  author  regrets  the  fact  that  in  much  of 
the  literature  on  cancer  intended  for  both  lay 
and  professional  distribution,  radiology  is 
referred  to  mainly  for  the  purpose  of  warning 
against  it;  and  by  broad  implication,  at  least, 
the  motives,  good  faith,  and  professional 
competency  of  the  radiologist  are  impugned. 
Under  the  guise  of  a  public  health  crusade, 
leaders  in  medical  thought  have  also  given 
expression  to  similar  sentiments  on  the  public 
platform  and  through  the  columns  of  the  daily 
press.  It  is  doubtful  that  the  exigencies  of  the 
situation,  or  the  facts  in  the  case,  justify  such 
dogmatic  pronouncements,  which  do  not  foster 
that  helpful  cooperation  essential  to  the  success 
of  such  movements. 

In  mapping  out  a  plan  of  attack  upon  cancer, 
or  a  potential  cancer,  we  have  not  always  a 
clear  conception  of  the  issue  involved,  namely, 
that  in  most  instances  it  is  a  question  of  life  or 
death,  and  that,  if  we  fail  to  destroy  the  cancer 
utterly  and  completely,  the  cancer  will  inevita- 
bly destroy  the  patient.  We  do  not  always  prop- 
erly balance  our  treatment  of  the  patient  and 
our  treatment  of  the  disease.  The  radiologist  has 
been  unduly  handicapped  by  the  prevailing 
idea  that  under  no  circumstances  must  he  do 
anything  that  would  jeopardize  the  vitality 
of  a  hcalty  cell.  Until  he  is  allowed  some  of  the 
latitude  in  this  regard  that  has  been  by  common 
consent  conferred  upon  the  surgeon,  his  efforts 
in  combating  cancer  will  fall  short  of  the 
goal. 

The  author  i)elieves  that  the  time  will  come 
when  we  shall  say  that  this  particular  case  is  a 
case  for  .v-ray  and  that  particular  case  is  a  case 
for  surgery.  It  is  not  logical  to  use  two  entirely 
unrelated  methods  having  the  same  thera- 
peutic object. 
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Morton,    Reginald,   and   Lee,    Harrie    B. 

Some    Results    of   Deep    A'-Ra\-    Therapy. 

Lancet,  Jan.  30,  1923,  civ,  117. 

Tiie  autliors  state  tiiat  the  time  has  not  yet 
come  for  them  to  analyze  their  results  in 
deep  x-ray  therapy  in  malignant  disease, 
although  they  now  have  over  600  cases 
to  refer  to,  for  the  following  reasons:  (i) 
Over  95  per  cent  of  the  cases  treated  have 
been  sent  up  by  surgeons  or  others  with  the 
comment  "inoperable"  or  "inoperable  recur- 
rence after  operation."  Such  being  the  case, 
the  percentage  of  good  results  is  necessarily 
small,  and  anj-  figures  based  on  such  results 
would  be  misleading.  (2)  In  a  large  majority 
of  cases  treated,  general  dissemination  had 
already  begun,  and,  although  the  primary 
focus  has  disappeared  after  treatment,  death 
has  quickly  ensued  from  involvement  of  the 
liver,  mediastinum,  etc.  Here,  again,  figures 
would  give  quite  a  wrong  impression  of  the 
results.  (3)  In  regard  to  the  comparatively  few 
early  cases  treated,  the  longest  interval  since 
signs  of  the  disease  have  disappeared  is  only 
eighteen  months,  a  period  quite  inadequate 
within  which  to  say  whether  they  are  to  be 
classed  as  cures  or  not. 

Nevertheless,  the  authors,  feeling  that  the 
medical  profession  would  welcome  some 
information  on  results  to  be  expected  from 
treatment,  cite  a  few  cases,  giving  full  details 
of  treatment  and  results.  The  case  reports 
would  indicate  that  the  method  has  now  fairly 
well  established  itself  as  a  means  of  dealing 
with  cases  when  nothing  else  can  be  done.  The 
results  in  all  cases  make  the  treatment  worth 
while,  and  in  a  few  instances  border  on  the 
miraculous.  Whether  an  early  case  of  surgery 
should  be  discarded  in  favor  of  x-rays,  it  is 
as  yet  too  early  to  say;  but  in  all  early  cases 
treated,  symptoms  and  signs  have  disappeared, 
and  so  far  there  has  been  no  recurrence.  When 
surgery  is  resorted  to,  the  authors  strongly 
urge  the  employment  of  deep  .v-ray  therapy 
either  before  or  after  operation — preferably 
before,  as  a  prophylactic  measure  against 
recurrence. 

Smith,    Morris    K.    Premature    Ossification 

After    Separation     of    the    Lower     Radial 

Epiphysis.  Ann.  Surg.,  Apr.,  1922,  Ixxv,  501. 

The   author   reports   a    case   of  very   great 

interest  because  of  the  clear  roentgenographic 

demonstration  of  premature  ossification  of  the 


previously  separated  epiphysis,  resulting  in 
arrested  growth.  The  process  in  the  radius 
was  observable  in  eight  months  and  complete 
in  one  year.  Another  feature  of  interest  is  the 
accompanying  ossification  in  the  ulna  epiphy- 
sis, although  the  original  injury  here  was  a 
fractured  styloid. 

Erskine,  Arthur  W.  A'-Ray  Treatment  of 
Carcinoma  of  the  Breast.  Illiyiois  M.  J., 
Mch.,  1922,  xli,  209. 

The  author  belie\es  that  at  the  present  time 
from  ordinary  intensive  radiation  of  breast 
cancer  we  can  reasonably  expect: 

1.  An  increase  of  at  least  25  per  cent  in  the 
number  of  patients  alive  fi\e  years  after 
operation. 

2.  Prevention  of  breaking  down  and  ulcera- 
tion of  the  tumor,  with  its  attendant  pain,  foul 
odor,  and  mental  anguish.  He  has  seen  only 
one  inoperable  case  break  down  under  x-ray 
treatment. 

3.  Destruction     of    superficial     metastases. 

4.  Prolongation  of  comfortable  life. 

5.  An  easy  death  from  distant  metastases  or 
intercurrent  disease. 

The  question  as  to  whether  or  not  an  attempt 
should  be  made  to  administer  a  lethal  dose  to 
the  whole  cancer  at  one  sitting  is  as  yet  unde- 
cided. It  is  evident  that  flooding  the  chest  with 
such  a  tremendous  amount  of  radiation  at  one 
time  will  produce  such  a  profound  constitu- 
tional reaction  that  we  should  have  to  be  pre- 
pared to  accept  a  definite  mortality  rate  from 
the  treatment  alone. 

Finally,  the  x-ray  therapist  must  remember 
that  he  is  dealing  with  a  powerful  agent, 
capable  of  producing  harm  as  well  as  good. 
He  must  remember  that  insufficient  treatment 
of  cancer  cases  takes  away  the  only  chance 
these  patients  have  for  life.  Realizing  the 
deadliness  of  the  disease,  he  must  be  willing  to 
submit  his  patients  to  considerable  discomfort, 
and  he  must  not  fear  burns  of  the  skin,  or  even 
a  few  deaths.  In  order  to  attain  the  highest 
degree  of  success,  and  to  realize  the  hopes 
inspired  by  recent  developments  in  this  art,  a 
certain  degree  of  courage  is  as  essential  as  a 
mastery  of  technical  details. 

(Surely  the  view  expressed  in  the  last  two 
paragraphs  of  this  abstract  is  an  extreme  one. 
The  occurrence  of  deaths  in  connection  with 
radiotherapy  can  only  serve  to  discredit  it.  Ed.) 


BOOK  REVIEWS 


Bronchoscopy  and  Esophagoscopy.  By 
Chevalier  Jackson,  M.D.  Octavo  of  346  pages 
with  114  illustrations  and  4  color  plates. 
Pliiladelphia  and  London,  1922.  Cloth,  $3.50 
net. 

As  stated  in  the  author's  preface,  this  book 
is  an  abstract  of  his  previous  work,  "Peroral 
Endoscopy  and  Larj'ngeal  Surgery,"  published 
in  IQ15. 

The  former  treatise  was  a  large  heavy  volume 
of  over  700  pages.  The  new  volume  is  in  the 
form  of  a  manual  containing  less  than  half  the 
number  of  pages.  The  difficult  task  of  pre- 
senting by  written  word  the  various  purely 
manual  endoscopic  procedures  has  been  accom- 
plished in  the  same  brilliant  manner  in  which 
the  distinguished  author  has  so  successfully 
solved  the  many  perplexing  and  unusual 
problems  of  endoscopic  surgery. 

In  the  main,  the  author  has  confined  himself 
to  a  clear,  concise  description  of  the  technical 
details  of  endoscopic  work,  which,  in  his  judg- 
ment, based  on  a  wide  clinical  experience,  have 
proved  to  be  the  best  methods.  Consequently 
the  reader  is  not  confronted  with  a  multi- 
plicity of  procedures  or  confused  by  a  mass 
of  historical  data.  Yet  the  pruning  has  been 
so  skilfully  accomplished  that  nothing  vital 
has  been  sacrificed,  and  one  may  confidently 
predict  that  the  new  work  will  bear  fruit  in 
even  greater  abundance  than  the  older  treatise. 
It  instructs  and  does  not  weary,  it  pilots  but 
does  not  explore.  His  love  of  accuracy  of 
statement  has  prevented  creating  superfluities, 
as  has  his  fear  of  prolixity  prevented  important 
omissions. 

In  his  first  chapter,  "Instrumentarium," 
he  very  properly  avoids  citing  the  numerous 
types  of  endoscopic  tubes  that  have  been 
devised  since  the  development  of  endoscopic 
surgery,  and  confines  himself  to  a  description 
of  the  distally  lighted  tubes  which  bear  his 
name. 

The  chapter  on  "Anatomy  of  the  Larynx, 
Trachea,  Bronchi  and  Esophagus  Endoscopi- 
cally  Considered,"  has  been  treated  at  greater 


length  and  in  more  detail  than  in  the  older 
treatise. 

The  position  of  the  patient  in  endoscopic 
examination  is  also  explained  in  greater  detail, 
and  especially  helpful  are  the  new  drawings 
showing  the  schema  of  position  for  endoscopic 
examination — the  normal  recumbent,  the 
raised  flexed,  the  raised  extended  and  the 
faulty  position  with  chest  heaved  and  spine 
arched. 

In  that  portion  of  the  work  dealing  with 
"Symptoms  and  Physical  Signs  of  Foreign 
Bodies  in  the  Air  and  Food  Passages,"  the 
author  has  arranged  in  epitomized,  compact 
and  yet  detailed  form,  all  the  latest  results 
of  numerous  keen  observers  and  careful 
clinicians.  Especially  instructive  is  the  well- 
arranged  summary  on  "Symptomatology  and 
Diagnosis." 

The  "Roentgen-ray  Study  in  Foreign  Body 
Cases  "  has  been  considerably  condensed.  Some 
of  the  newer  roentgenographic  signs:  viz., 
expiratory  valve-like  bronchial  obstruction 
produced  by  nonradiopaque  foreign  bodies 
such  as  peanut  kernels,  have  been  described. 
One  might  wish  that  the  author  had  explained 
in  greater  detail  the  method  of  bronchial  map- 
ping or  lung  mapping  by  the  bronchoscopic 
introduction  of  opaque  substances  such  as 
powdered  subnitrate  of  bismuth.  The  results 
have  been  well  illustrated  with  photographic 
copies  of  A-ray  plates  of  actual  cases. 

The  chapter  on  tracheotomy  is  a  valuable 
and  sorely  needed  addition  to  medical  litera- 
ture. It  contains  the  clearest,  most  condensed 
description  and  resume  of  the  indications  for 
tracheotomy,  the  technique  of  the  operation 
and  the  after-care  of  the  patient,  that  the 
reviewer  has  yet  seen. 

If  one  were  to  summarize  the  virtues  of  this 
new  work  of  Jackson's,  he  could  not  do  better 
than  to  say  that  it  comprises  all  the  elements 
which,  in  our  undergraduate  days,  we  were 
taught  constituted  an  ideal  sentence,  namely: 
Correctness,  Clearness,  Force,  Ease  and  Unity. 

Edward  L.  Pratt. 
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PN  EUMOP  ERITON  EUM* 

BY    HUMBERTO    H.    CARELLI,    M.D. 


BUENOS    AIRES,    ARGENTINE 


INTRODUCTION 


HAVING  had  an  experience  of  over  800 
cases  of  pneumoperitoneum,  I  should 
Hke  to  demonstrate,  by  some  of  the  results 
obtained,  the  harmlessness  of  this  method 
when  it  is  performed  with  an  appropriate 
technique  (including  the  procedure  adopted 
in  making  the  pneumoperitoneum  and  the 
manner  of  taking  the  roentgenograms). 

Mention  should  be  made  here  that  all  the 
cases  of  pneumoperitoneum  which  I  have 
had,  have  been  personally  attended  by  me 
in  my  private  office,  without  assistance, 
and  that  all  the  patients  ha\e  left  my  con- 
sulting rooms  perfectly  well  and  without 
feeling  any  ill  effects;  indeed,  in  several 
cases  the  same  patient  has  been  pneumo- 
peritonized  on  three  different  occasions. 

The  inconveniences  which  have  been 
published  are,  in  my  opinion,  due  to 
ignorance  on  the  part  of  the  operators, 
because,  firstly,  they  have  employed  a 
faulty  technique,  and  secondly,  they  have 
not  been  well  equipped  in  their  installa- 
tion. The  dangers  which  have  been  pub- 
lished, such  as  puncture  of  omental  or 
mesenteric  blood-vessels,  puncture  of  abdomi- 
nal viscera,  and  air  embolism  may  all  be 
avoided  by  introducing  the  needle  at  the 
right  point  of  the  abdomen,  and  waiting 
until  it  is  seen  that  blood  does  not  flow 
through  the  needle.  Peritonitis  can  be 
avoided  by  a  knowledge  of  the  most 
elementary  rules  of  asepsis.  Superficial 
emphysema  is  an  accident  which  may 
occur,  but  is  not  at  all  dangerous,  and  is 

•  Read  by  title  at  the  Twenty-third  Annual  Meeting  of  The  A 
12-16,  1922.     Discussion  on  this  paper  and  others  in  the  sa 


preventable  by  using  the  manometer  in 
the  injecting  apparatus.  Precipitation  of 
cardiac  failure  can  be  evaded  by  examin- 
ing the  patient  thoroughly  clinically  and 
performing  the  pneumoperitoneum  only  in 
cases  where  there  are  no  cardiovascular 
troubles  or  insufficient  myocardium.  The 
fatal  cases  produced  must  have  been 
caused  by  negligence  of  a  thorough  clinical 
examination  beforehand. 


Fig.  I.  Apparatus  used  by  Dr.  Carelli  for  performing 
pneumoperitoneum.  This  allows  one  to  measure 
the  volume  of  gas  injected  and  the  pressure  of  same. 


On  examining  my  illustrations,  it  will 
be  noticed  that  there  are  many  cases  in 
which  clinical  diagnosis  of  the  pathological 
condition  of  the  abdomen  would  have  been 
impossible,  and  even  a  surgical  examina- 

MERicAN  Roentgen  Ray  Society.  Los  .Angeles.  Calif..  September 
me  symposium  will  appear  in  a  later  number  of  the  Journ.il. 
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Fig.   2.  View  ol  the  t;iljlc  uiili  .1        Fig.  3.  Anotherpositionof  the  table  with     Fig.  4.  Thi'  table  seen  iruni  one  end 
patient  lying  on  his  abdomen  a  patient  in  an  inclined  pose, 

and  the  tube  above. 


Fig. 


Another  view  <j1  the  table. 


Fig.  6.  A  lateral  view  oi  the  table,     FiG.   7.  The  table  in  position  to  take 
showing     the     two     half-circles         a  lateral  view  of  a  patient, 
which    permit   of  it   being   bal- 
anced in  both  directions. 


Fig.   8.  Lateral  and  horizontal  view  of  a  patient,  show-       Fio.  O-  Lateral  view  of  a  patient,  showing  adiicsions  to 
ing  adhesions  from   liver  and  intestines  to  anterior  lower  part  of  the  anterior  abdominal  wall. 

abdnniinni  w.all.  i 
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tion  or  exploratory  operation  would  have  anatomy  on  living  subjects,  thus  realizing 
been  insutlicient  to  provide  the  exact  the  prediction  of  the  French  professor: 
diagnosis.  Certainly  the  shock  produced  by      "L'autopsie  sur  le  vivant." 


Fig.  10.  Lateral  view  of  a  patient,  showing  adhesions 
from  liver  and  epiploon  to  anterior  abdominal 
wall. 


Fig.   II.  Lateral  view  of  a  patient,  showing  adhesions 
to  anterior  abdominal  wall  from  liver  and  intestines. 


pneumoperitoneum  is  far  inferior  to  that 
caused  by  an  exploratory  operation,  and 
the  results  of  the  radiological  exploration 
are  far  more  complete  than  those  of  the 
surgical  examination,  because  it  is  possible 
to  see  the  abdominal  wall  in  all  its  exten- 
sion underneath  the  diaphragm  (so  difficult 
to  explore  surgically)  and  the  posterior 
wall  (also  difficult  to  explore  surgically, 
because  the  abdominal  organs  are  all 
resting  on  its  surface). 

Contraindications  of  pneumoperitoneum 
are: 

1.  Old  age  (generally  speaking). 

2.  Cardiac  troubles,  insufficient  myo- 
cardium, etc. 

3.  Cachexia. 

4.  Extreme  obesity. 

5.  Acute  inflammatory  conditions  of  the 
abdomen. 

6.  Hysterical  subjects. 

7.  Cases  where  a  tumor  or  the  tension  of 
the  abdomen  does  not  permit  further  dis- 
tention of  the  abdominal  wall. 

With  the  advance  of  roentgenological 
technique,  one  can  expect  to  obtain  the 
precise  diagnosis  by  means  of  pneumoperi- 
toneum; and  with  the  correct  interpreta- 
tion of  plates  the  time  will  come  when  it 
will^be    possible    to    make    pathological 


TECHNIQUE 

I.  Preparation  uj  the  Patient.  The  prep- 
aration consists  in  completely  emptying 
the  digesti\-e  tube.  In  order  to  do  this  one 
administers  to  the  patient  on  two  succes- 


12 

Fig.  12.  Lateral  descending  view  of  a  patient  lying  on 
right  side.  Shows  left  lobe  of  the  liver,  spleen  and 
left  kidney. 

sive  mornings  preceding  examination,  a 
purge,  which  on  the  first  day  may  be  a  dose 
of  castor-oil,  and  on  the  second  a  saline 
purge.  During  these  two  days  the  patient 
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Fig.  13.  Pelvis,  showing  the 
uterus,  bladder,  ovary  and 
Fallopian  tube. 


Fig.   14.  Lateral  view  of  a  patient  lying  on     Fig.   15.  Shows  uterus,  ovaries 
abdomen.    Shows    lateral   view   of  vertebral         and   Fallopian   tubes, 
column,  spleen  and  both  diaphragms. 


Fig.  16.  Lateral  view  of  a  patient  lying  on  left  side. 
Shows  uterus  suspended  from  the  round  ligament, 
right  ovary,  inferior  part  of  the  kidnej-  and  e.Mernal 
border  of  the  liver. 


Fig.  17.  Fronfil  view  of  a  patient,  horizontal  ptisition. 
Shows  both  diaphragms,  outline  of  both  lobes  ol  the 
liver,  large  spleen,  pancreas,  right  kidney,  uterus_and 
ovaries. 
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Fig.   18.  Shows  adhesions  ut  Uvnr  to  right  diaphragm, 
and  a  single  kidney  in  the  shape  of  a  horseshoe. 


Fig.  19.  Frontal  view  of  a  patient,  horizontal  posi- 
tion. Shows  outline  of  liver,  both  diaphragms,  right 
kidney  in  first  degree  of  ptosis,  small  and  lobulated 
left  kidney.  The  ureter  is  seen  quite  clearly;  spleen 
adherent  to  the  kidney.  Diagnosis:  Purulent 
scleronephritis.  In  the  pelvis  is  seen  uterus  and 
both   ovaries.  Diagnosis  confirmed  by  operation. 


Fig.  20.  Ectopic  kidney  adhering  to  the  lateral  abdom- 
inal   wall.   Large    left    kidney,    uterus  and  ovary. 


Fig.  21.  Same  patient  as  seen  in  Fig.  20,  but  lateral 
view.  Shows  adhesions  from  ectopic  kidney  to  lateral 
abdominal  wall. 
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Fig.  22.   Biloculated   ecliinococcus  cyst  of  left  kidney, 
uterus  and  both  ovaries. 


23 

Fig. 


23.   Hydronephrosis  of  left   Ividney,   showing  the 
descending  colon  adhering  to  the  kidney. 


Ik,.  24.  Frontal  view  of  a  patient  in  descending  position. 
Outline  of  right  kidney  shows  irregularity  of  its 
lobulations.  Diagnosis:  Nephroma.  Conlirmed  by 
the  operation.  Uterus,  round  ligament,  ovaries,  and 
bladder,  half  full,  arc  seen. 


25.  Same  patient  in  obliciue  position. 
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Fig.  26.  Frontal  view  of  a  patient  lying  on  right  side. 
The  immense  tumor  belongs  to  left  kidney,  showing 
adhesions  to  lateral  abdominal  wall.  Above  the  kidney 
the  spleen  is  clearly  seen,  pushed  against  the  dia- 
phragm by  the  development  of  the  tumor.  Diagnosis: 
Echinococcus  cyst  of  left  kidney.  Eight  liters  of 
liquid  removed. 


Fig.  27.  Frontal  and  ascending  view  of  same  patient. 


Fig.  28.  Frontal  and  horizontal  view  of  same  patient. 


Fig.  2y.  Frontal  view  of  a  patient,  ascending  position. 
Large  tumor  of  right  kidney  on  which  the  liver  leaves 
its  impression.  Diagnosis:  Hydatid  of  right  kidney. 
Confirmed  by'  the  operation. 
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Fig.  30.  Frontal  view  of  same  patient,  horizontal  posi- 
tion. Liver,  spleen,  pancreas  and  left  kidney  clearly 
seen. 


Fig.  31.  Frontal  view  of  same  patient  lying  on  left 
side.  The  tumor  clearly  seen;  uterus  suspended  from 
the  round  ligament. 


1^  ;j.  frontal  view  nl  a  p.ititnt,  hdrizuntal  position. 
The  tumor  of  right  kidney  clearly  seen.  Diagnosis: 
Echinococeus  cyst  of  liver.  Conhrmed  by  the 
operation. 


Fig.  33.  Frontal  view  of  same  patient,  ascending  position. 
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Fig.  34.  Frontal  view,  horizontal  position.  Exterior 
border  of  liver  and  right  lobe  shown.  Diagnosis: 
Nucleus  of  primitive  cancer  of  the  liver.  Confirmed 
by  autopsy.   Pancreas  clearly  shown  in  this  picture. 


35 

Fig.  35.  Frontal  view,  horizontal  ascending  position. 
Shows  gall-bladder  dilated.  Liver,  spleen  and  pan- 
creas clearly  seen. 
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Fig.  36.   Frontal  view,   horizontal 

abscess  on  the  inferior  surface  of  the    liver.   Right 
kidney  descended,  uterus,  etc. 


position.  Shows  an 


37 

Fig.  37.  Frontal  view,  horizontal  position.  Patient  had 
clinical  symptoms  of  echinococcus  cyst  of  liver. 
Diagnosis:  Syphilis  of  the  liver.  Diagnosis  based  on 
the  following:  Outline  of  liver  not  sharp  and  regular, 
shows  the  lobulations  of  the  "foie  ficele,"  edge  of 
liver  rounded  and  spleen  big.  Treatment  confirmed 
the  diagnosis. 
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Fig.  38.  Pancreatic  cyst    quiste  del  pancreas  ,  uterus, 
ovaries,    bladder,    etc. 


Fig.  3q.  Oblique  view  of  a  normal  liver. 


Fig.  40.  PcTihepatitii. 


Fig.  41.  Frontal  view,  descending  position.  Distended 
gall-bladder  clearly  seen  suspended  from  the  liver. 
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Fk;.  42.  ()l)ll(|m'  posilidii.  Aillii'MDiis  In'lwci'ii  llic  ll\i 
unci  iilKlominiil  vvmII  .'HkI  clislciuli'd  n.'ill-l)la(kk'r. 


Ik..     I  !.     !■ I.il     vk'W,    liorl/.oiit.il     posilicin,    siili(li:i 

pliivium  absci'ss. 


l44 

Fit;.  4.|..    I  )isU  iiilcil    i_',ill  lil.icliln,    iiliiiis,    ovjiilc's,   c'lc. 


45 


■K..     45.     CJiailv      slinws     (;;ill-sli.nr-,.     Ii\cr,     splirii, 
pjlIKlCas  iind   lllndil  d   llir  lltnlis. 
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Fig.  46.  Hydatid  of  the  spleen. 


Fig.  47.  Same  patient,  descending  position. 


48  ^  ^     49 

Fig.   48.   Lateral    view   of  large   liydatid   of  the   liver.  Fig.  49.  Frontal  view  of  the  same  patient. 
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Fig.    50.    Pediciilatcd    liydatid   of   riglit   lobe   of  liver. 


Fig.  51.  Hydatid  of  right  lobe  of  liver. 


Fig.  52.  Lateral  view,  horizontal  position.  Hydatid  of      Fig.  53.   Frontal  view  of  a  patient  showing  a  small 
the  anterior  abdominal  wall  in  a  patient  operated  hydatid  of  the  rectovesical  connective  tissue, 

upon  for  echinococcus  cyst. 
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Fig.  54.  Hydatid  of  left  lobe  of  liver  and  pcdieulated 
cysts  of  the  right  lobe.  Spleen  pushed  downwards  by 
the  development  of  the  cyst.  Shadow  seen  underneath 
is  the  kidney.  Diagnosis:  Pediculated  cysts  of  the 
right  lobe  of  the  liver.  Diagnosis  because  the  right 
kidney  was  seen  underneath  without  being  deformed. 
Confirmed  by  the  operation. 


Fig.  55.  Same  patient,  descending  position, 
uterus  pregnant  at  one  month. 


howmg 


Fig.  56.  Large  hydatid  of  right  lobe  of  liver.  In  right 
lobe  also  small  pediculated  one.  Hydatid  in  the  spleen 
and  another  in  the  mcsenterium. 


Fig.    57.    Same    patient,    showing    the    cysts    above 
described. 
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Fig.  58.  Frontal  view,  liurizontal  position.  Lart;e  cyst       Fig.  59.  Same  patient  in  descending  position,  sliowing 
of  spleen.  Cyst  of  abdominal  wall  causing  a  dent  in  another    cyst    in   the  connective   rectovesical  tissue 

the  anterior  surface  of  the  liver.  with  four  daughter  cysts. 


60    bame  patient. 
above  cysts. 


hewing  clearly   three  of  the 


Fig.  61.  Lateral  view  of  same  patient,  descending 
position,  showing  outline  of  lower  cyst  in  the  peri- 
toneal cavity.  _ 
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Fig. '.62.  Frontal  view  of  same  patient  lying  on  right 
side.  Adhesion  of  cyst  to  lateral  abdominal  wall 
clearly  shown. 


Fig.  63.  Same  patient  lying  on  left  side.  It  would  have 
been  impossible  to  make  the  diagnosis  clinically 
or  by  a  surgical  examination. 


64 

Fig.  64.  Multiple  echinococcus  cysts  of  liver,  of  spleen, 
abdominal  wall  and  pelvis.  Patient  operated  upon 
on  three  occasions.  Dr.  Finochietto  removed  21 
cysts. 


Fig.  6$.  Frontal  view  of  same  patient,  descending 
position.  Shows  the  cj'sts  of  the  abdominal  wall 
near  the  liver,  a  pediculated  cyst,  and  several  cysts 
in  the  pelvis. 
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Fio.  00.  Sliuws  multiple  cysts  ut  livir  and  abdominal 
wall. 


Fig.   67.    Frontal   view.    Patient  lying  on   right  side, 
descending  position.  Shows  cysts  of  the  pelvis. 


Fig.  68.  Frontal  view.  Patient  lying  on  abdomen. 
Shows  cysts  of  the  pelvis.  Outlines  rather  confused 
on  account  of  number. 


Fig.  69.  Ovarian  cyst  in  a  woman  six  months  pregnant. 
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1"1G.  70.  Frontal  view  of  same  patient.  Shows  pregnant       Fig.   71.   Filiroid  of  uterus.   Frontal  view,   descending 
uterus  and  the  cyst  on  right  side.  position. 


Fig.  72.   I  rontal  view.  Patient  lying  on  left  side.  A       Fig.  73.  Same  patient,  descending;  p.isiiion.  a.iows  the 
round   shadow   is   seen,    representing  a   cyst   of  the  cyst  with  itsj^ediclc. 

left  ovary  with  a  long  pedicle. 
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is  put  on  a  watery  diet.  On  the  third  morn-  examined  roentgenologically,  and  I  should 
ing,  having  completely  emptied  the  intes-  like  to  emphasize  strongly  the  fact  that  he 
tines  and  bladder,  and  still  tasting,  he  is      must  not  be  allowed  to  make  active  move- 


FiG.  74.  Same  patient,  horizontal  position.  Shows  cyst      Fig.    75.   Lateral    view,    descending    position.    Snows 
of  left  ovary,  uterus,  normal  right  ovary,  liver,  gall-  outline   of  cyst    and    its   pedicle    in    the    peritoneal 

bladder,  pancreas,  etc.  cavity. 


ready    for   the    pneumoperitoneum    to    be 
performed. 

2.  Method  of  Performing  the  Pneumoperi- 
toneum. In  order  to  introduce  the  needle, 
the  point  of  the  abdomen  which  I  select 
for  puncture  is  situated  at  one  or  two 
fmgerbreadths  below  the  navel  on  the  linea 
alba;  but  if  a  scar  exists  made  by  a  pre\ious 
operation,  the  abdomen  can  be  punctured 
at  any  other  point,  it  being  in  conformity 
with  the  rules  of  asepsis.  A  long  and  thin 
platinum  needle  is  introduced  into  the 
abdomen.  Having  ascertained  that  blood 
does  not  flow,  the  needle  is  connected  with 
a  tube  which  brings  the  oxygen  through 
the  apparatus  shown  in  Figure  i,  and  this 
is  passed  in  rather  slowly.  According  to 
the  flaccidity  of  the  abdominal  walls  after 
the  introduction  of  300  to  800  cm.  of  oxy- 
gen, the  oscillations  produced  by  the  res- 
piratory movement  can  be  seen  in  the 
manometer  of  the  apparatus.  Once  having 
clearly  seen  these  oscillations,  I  continue 
injecting  oxygen  until  the  distention  is 
considered  enough.  The  volume  of  oxygen 
introduced  varies  from  2  to  8  liters  accord- 
ing to  the  size  of  the  patient's  abdomen, 
the  flaccidity  of  the  walls,  etc.  This  accom- 
plished, the  patient  is  in  condition  to  be 


ments  by  himself — that  these  must  be 
made  with  the  apparatus  which  we  will 
describe  later.  Having  concluded  the  roent- 


FiG.  76.  Small  cyst  of  left  ovary;  hydrosalpinx  of  right 
Fallopian  tube. 


genological  examination  of  the  patient, 
the  oxygen  must  be  withdrawn.  In  order 
to  do  this,  I  introduce  through  the  first 
puncture  a  trocar  made  of  platinum  with 
a  silver  sheath,  the  diameter  of  which  is 


278 


Pneumoperitoneum 


Fig     77.  Normal  kidney  with   its 
suprarenal    gland. 


Fig.  78.  The  same. 


Fig.  70-  Rot-'ited  kidney.  Longi- 
tudinal axis  of  the  kidney  perpen- 
dicular to  longitudinal  axis  of 
body. 


Fig.  80.  Sr 


lall  stones  in  ureteric 
pelvis. 


Fig.   81.   Pyonephrosis   calculosa. 


Fig.  82.  A  stone  in  the  renal  pelvis, 
not  visible  in  ordinary  roentgeno- 
grams. Perinephritis  in  the  superior 
half  of  the  kidiu-\  ;  hence,  outline  of 
kidney  is  not  visible  in  all  its 
contour. 


Fig.  83.  Stones  in  the  kidne 


Fig.  84.  Tuberculous  kidney. 
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2.3  mm.  The  trocar  has  two  lateral  holes 
to  allow  the  oxygen  to  pass  out,  and  it 
can  be  assisted  by  lateral  pressure  on  the 
abdomen.  \\  ith  the  use  of  this  technique, 
my  patients  get  down  from  the  table  un- 
aided and  without  complaint. 

3.  Table  Employed.  The  table  is  seen 
in  Figures  2,  3,  4,  5,  6  and  7.  It  consists  of 
a  platform  which  is  constructed  on  a  re- 
volving base  which  can  be  balanced  like 
a  see-saw  bj^  means  of  gear;  and  this 
movement  gives  the  necessary  ascending 
and  descending  positions  to  the  patient. 
This  platform  has  a  vertical  pole  at  each 
corner.  These  poles  are  united  by  a  frame 
at  the  top,  upon  which  the  tube  slides 
backward  and  forward.  From  this  same 
frame  is  suspended  by  means  of  two  pul- 


conditions  around  the  kidney  analogous 
to  those  of  the  organs  included  in  the  peri- 
toneal cavity.  To  this  end,  it  sufficed  to 
create  artificial  emphysema  in  the  perine- 
phric fatty  and  cellular  tissue  of  the  kidney. 
The  procedure  was  as  follows: 

After  having  taken  a  first  roentgeno- 
gram with  metal  guiding  points  on  the 
patient's  skin,  one  fixes  on  the  point  which 
corresponds  to  the  transverse  process  of 
the  second  lumbar  vertebra. 

A  fine  platinum  needle,  10  to  12  cm. 
in  length,  is  introduced  down  to  this 
process  (of  course,  according  to  the  rules 
of  asepsis). 

As  soon  as  this  process  is  encountered, 
the  needle  is  made  to  deviate  so  as  to  avoid 
it,  while  watching  the  manometer  of  the 


Fig.  83.  The  other  kidney  (normal) 
of  same  patient  (Fig.  84). 


Fig.  86.  Tuberculous  kidney.  Fic.  87.  Sarcoma  of  the  kidney. 


leys,  one  at  each  end,  a  hexagonal  steel 
bar,  which  can  be  raised  and  lowered  by 
means  of  a  handle.  Before  performing  the 
pneumoperitoneum,  the  operator  places 
a  sash  or  girdle  under  the  patient,  and  when 
the  operation  is  finished,  the  two  ends  of 
this  girdle  are  attached  over  the  hexagonal 
bar  which  has  been  suOiciently  lowered 
for  this  purpose.  The  patient  is  thus 
suspended  in  a  kind  of  hammock  and 
can  be  turned  in  any  desired  position. 

We  have  seen  that  the  pneumoperitoneal 
process  enables  us  to  explore  all  the  solid 
organs  contained  in  the  peritoneal  cavity. 
It  should  be  remembered  that  the  kidney, 
anatomically  speaking,  is  situated  outside 
this  cavity,  and  for  this  reason  the  pneumo- 
peritoneal process  does  not  allow  of  its 
exploration  with  the  same  clarity  as  in 
the  case  of  the  liver  or  spleen. 

I  have  therefore  endeavored  by  means 
of  an  indirect  procedure  to  create  physical 


injecting  apparatus,  and  as  soon  as  the 
manometer  shows  oscillations,  one  knows 
for  certain  that  the  needle  has  entered 
the  perinephric  cellular  tissue. 

One  then  commences  to  inject  the  gas 
which  is  to  produce  the  artificial 
emphysema. 

This  injection  is  made  either  with  a 
Forlanini  apparatus  or  the  Oxygenateur 
de  Precision  du  Docteur  Bayeux.  I  used 
to  employ  carbonic  dioxide,  but  I  found 
that  the  absorption  was  so  rapid  that  it 
did  not  allow  sufiicient  time  for  taking 
several  plates.  For  this  reason  I  now  use 
oxygen  instead  of  carbonic  dioxide. 

This  operation  is  not  painful.  The 
patients  experience  a  certain  amount  of 
discomfort  in  the  lumbar  region,  but  that 
ceases  within  an  hour. 

The  quantity  of  oxygen  one  injects 
varies  from  200  to  600  c.c,  according  to 
the  size  of  the  patient. 


REPORT  OF  A  CASE  OF  SO-CALLED    "MARBLE   BONES" 
WITH  A  REVIEW  OF  THE  LITERATURE  AND  A  TRANS- 
LATION OF  AN  ARTICLE* 

BY   WILLIAM  G.   ALEXANDER,   M.D. 
Evanston  Hospital 

EVANSTON,    ILLINOIS 

ON  May  i8,  IQ2I,  a  patient  was  brought  married    in    Germany.    The    patient    was 

into    the    Evanston     Hospital    with  born    in    America.    No    unusual    physical 

a  fracture  of  the  right  hip  produced  by  condition  can   be  located   by  the  patient 

a    simple    twist    while    engaged     in    her  in    any    other    member    of    the    family, 

home    duties.    The    roentgenogram     was  She    was    one    of    seven    children,    four 

so    remarkable    that    a    diagnosis    of   the  dying    from    children's    diseases    in    the 

cause    of  the   fragility    of  the    bone    was  first  five  years  of  life.  One  brother    died 

not  made  at  first,  and  a  tentative  diag-  from    pneumonia.    One    brother    is    living 

nosis   of   "fragiiitas   ossium"    was    made,  and  well.  Her  father  died  from  pneumonia. 

It   was    felt   that    this   was    an    improper  cause  of  death  of  the  mother  being  un- 

one,    but    no    one    of  the   staff   had  ever  known.   The   patient   is   the    youngest   of 

observed    such    a    condition,    and    no   one  the  se\en. 


else  seemed  able  to  give  any  help  in  the 
matter.  It  was  simply  left  at  the  time 
until  further  observation  could  be  made. 
In  November,  192 1,  there  appeared 
in  the  Archiv  Jiir  kliiiische  Chirurgie 
an    article    by    Fritz    Schulze'    in    which 


Patient  has  had  the  following  illnesses: 

1 .  A  nervous  break-down  fourteen  years 
ago.  (Nature  of  this  does  not  seem 
unusual.) 

2.  Typhoid  fourteen  years  ago. 

3.  Had  a  simple  fall  twelve  years  ago 


he  reported  a  summary  of  all  the  cases  resulting  in  a  fracture  of  the  left  hip. 
he  could  find  in  the  German  literature  This  was  cared  for  by  an  attempt  at 
(6  in  number)  of  what  he  called  Mar-  nailing.  At  the  present  time  the  roent- 
morknochen,  explaining  that  this  term  genogram  shows  the  nail  sheared  into 
was  m  no  sense  a  proper  diagnostic  two  parts.  Just  when  this  occurred  can- 
title,  but  a  term  that  would  express  not  be  determined.  The  operator,  Dr. 
the  peculiar  appearance  seen  in  the  roent-  Chas.  E.  Kahlke  of  Chicago,  makes 
genograms  of  the  bones.  It  was  immediate-  the  statement  that  it  was  almost  impos- 
ly  realized  that  this  was  the  condition  sible  to  drill  the  hole  for  the  nail  and  that 
seen  in  our  patient,  and  an  effort  has  the  operation  was  very  difficult.  After 
been  made  to  make  a  more  complete  about  two  years  the  patient  was  able 
examination  of  the  patient  and  to  give  to  hobble  about  on  crutches  and  had 
a  report  after  one  year  of  observation,  done  so  up  to  the  time  of  the  present 
In    reporting    this    case,    it    has    been  accident. 


my  intention  to  consider  it  from  the 
x-ray  aspect  rather  than  from  the  opera- 
tive, although  I  have  tried  to  give  all 
the  essential  points  in  the  history. 

Female,  aged  forty-three  years.  Married. 
Five  children,  all  living  and  well.  One 
miscarriage.  Patient  belongs  to  the  fourth 
generation  of  parents  on  mother's  side 
who  were  cousins:  i.e.,  her  mother  and 
father  were  cousins,  married  in  America. 


4.  Influenza  In  1918. 

5.  Complained  of  "rheumatism"  tor 
many  years  (possibly  due  to  the  bone 
changes). 

6.  Claims  that  she  had  a  fracture  of 
the  left  humerus  about  five  years  age, 
but  roentgenogram  does  not  show  any 
change  of  that  nature. 

Present  condition  followed  a  slight 
twist    while    placing    some    clothes    in    a 


This  mother's  mother  and  father  were  closet,  when  she  felt  the  right  hip  give  way. 
cousins,  married  in  Germany.  This  grand-  Has  suffered  much  pain  and  complete 
mother's  mother  and  father  were  cousins,     disability  since  the  fall.  Was  admitted  to 

•  Read  at  the  Twenty-third  .Annual  MeetinR  of  The  American  Roentgen  Ray  Society,  Los  .Angeles,  Calif.,  Sept.  12-16,  1922. 
Discussion  on  this  paper  and  others  in  the  same  symposium  will  appear  in  a  later  number  of  the  Jovrnal.' 
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the  hospital  under  the  influence  of  morphine 
and  phtced  on  the  surgical  service.  An 
examination  showed  the  following  facts: 
Patient  is  very  anemic,  with  a  peculiar 
lemon  tint  to  the  skin.  The  e>es  react 
sluggishly  to  light  and  accommodation, 
due  to  the  morphine.  The  teeth  are  bad. 


Figs.  1-5.  These  figures  are  photographic  reproductions 
from  the  article  by  Schulze  and  show  the  high  degree 
of  calcification  present. 

There  are  no  unusual  glandular  enlarge- 
ments. The  chest  shows  no  unusual 
findings.  There  is  a  soft  systolic  blow  heard 
at  the  apex  of  the  heart.  The  abdomen  is 
negative.  Examination  of  the  lower  ex- 
tremities shows  limited  motion  of  the  left 


hip.  The  right  hip  is  very  painful  on  any 
manipulation  and  shows  evidence  of  frac- 
ture. Slight  right  facial  paralysis  and 
difficulty  of  speech. 

Laboratory  examinations  show  the  fol- 
lowing findings: 

Urine.  A  slight  trace  of  albumin,  other- 
wise negative. 

Blood.  Hemoglobin  45  per  cent,  2,940,- 
000  red  cells,  4,500  white  cells. 

Wassermann  Reaction.  Clearly  nega- 
tive. 

Dijfereritial  Count.  Polynuclears  84  per 
cent;  large  mononuclears  8  per  cent;  small 
mononuclears  6  per  cent;  transitional  i 
per  cent.  A  slight  amount  of  poikilocytosis 
and  a  few  macrocytes.  The  blood  group  is 
type  IV. 

Under  transfusion  of  500  c.c.  of  citrated 
blood  and  proper  medication,  the  blood 
rose  to  52  per  cent — 3,600,000  red  cells. 
4,500  white  cells. 

Reduction  of  the  fracture  was  attempted 
under  the  fluoroscope,  with  poor  success, 
and  it  was  decided  not  to  make  any  effort 
at  nail  fixation,  but  simply  to  try  to  main- 
tain position  for  a  long  time,  and  allow  the 
joint  to  give  the  best  result  it  would. 
Examination  made  May  18,  1922  (one 
year  after  the  accident),  showed  really 
about  as  good  result  as  did  the  original 
operation  on  the  other  hip.  There  is,  appar- 
ently, a  false  joint  on  each  side  with  some 
range  of  motion  and  not  the  slightest  sign 
of  callous  formation.  The  edges  of  the 
fractured  ends  are  \ery  sharp. 

Summary  of  the  findings  at  the  second 
examination  made  May  18,  1922,  just  one 
year  after  the  accident  to  the  right  hip 
and  thirteen  years  after  the  accident 
involving  the  left  hip:  Hemoglobin  50  per 
cent;  red  cells  3,140,000;  white  cells  5,050. 

Stained  smear  shows  considerable  poikil- 
ocytosis, with  a  good  many  oversized 
red  cells,  but  not  sufiicient  change  to 
warrant  any  idea  of  anything  more  than  a 
simple  anemia. 

Films  of  the  hips  and  pelvic  girdle  show 
about  the  same  condition  as  at  the  exam- 
ination one  year  ago,  as  regards  the 
highly  opaque  construction  of  the  bone. 
It  is  absolutely  free  from  any  truss-work 
and  appears  to  be  absolutely  solid  marble. 
Even  the  coccyx  is  completely  calcified. 
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The  right  hip  shows  no  change  over  one 
year  ago.  The  left  hip  shows  no  evidence  of 
callus,  but  there  is  apparently  a  false  joint 
formed  at  the  point  of  fracture,  and  there 
is  some  power  of  motion,  as  shown  by  the 
ability  of  the  patient  to  flex  the  thigh  to  a 
slight  extent.  It  was  considered  worth 
while  to  examine  the  other  regions  of  the 
body,  and  films  were  taken  of  the  head, 
chest,  lumbar  and  dorsal  spine,  region  of 
the  elbow,  the  tibia  and  hands,  in  addition 
to  the  stereo  film  of  the  pelvis.  All  these 


Fig.  6.  Lateral  view  of  the  skull  showing  the  great 
density  of  the  bone.  It  is  impossible  to  reproduce 
the  fine  detail.  The  sphenoid  sinus  and  the  cell 
structure  of  the  mastoids  are  practically  obliterated. 

areas  show  the  characteristic  changes, 
w^ith  the  least  change  shown  in  the  hands, 
where  there  are  seen  small  isolated  areas  of 
calcification.  The  cla\icles  seem  to  be  also 
less  involved  than  the  other  bones  of  the 
shoulder  girdle. 

The  skull  shows  a  general  change  of 
marked  increase  in  lime  salts,  but  the 
base  of  the  skull  seems  to  be  most  aftected. 
The  sphenoid  bone  appears  intensely 
involved;  in  fact,  the  sphenoidal  sinus 
seems  to  be  obliterated.  The  sella  turcica 
is  smaller  and  more  completely  enclosed 
than  normal.  The  temporal  bones  seem 
much  changed,  and  there  is  no  definite 
cell  structure  to  the  mastoids.  The  skull 
thickness  is  increased  over  the  normal. 
The  bones  of  the  face  show  irregular 
changes,    not    so    uniformly    as    the    head 


bones.    There    is    much    trouble    with  the 
teeth  and  jaws. 

The  spine  shows,  throughout,  extreme 
changes  in  the  bones,  but  the  cartilages 
seem  unchanged.  Clinically,  we  find  no 
marked  stiffness  in  any  of  the  joints,  even 
the  spine.  The  process  has  affected  in  a 
uniform  manner  the  whole  of  each  verte- 
bra, bodies  and  processes  alike.  There  is 
no  clinical  evidence  that  the  vertebral 
canal  has  been  encroached  upon  at  any 
point,    and    the   edges    of  the   bodies   are 


Fig.  7.  The  bones  of  the  chest  show  the  even  dense 
shadow,  with  the  exception  of  the  clavicles,  which 
are  less  affected. 

remarkably  free  from  any  arthritic  rough- 
ness. As  stated  above,  the  sacrum  and 
even  the  coccyx  are  thoroughly  marbleized. 
The  sacroiliac  joints  are  clearly  differ- 
entiated, and,  while  rather  narrow,  show  no 
actual  deformity. 

A  film  of  the  chest  shows  the  same  uni- 
form changes  in  the  bones  of  the  shoulder 
girdle  except  the  cla\icles,  which  seem  to 
have  escaped  the  extreme  process,  but 
show  some  increase  in  lime  content.  The 
ribs  are  very  dense,  but  the  cartilages 
show  no  more  change  than  is  seen  in  many 
cases  of  senile  change  from  tuberculosis 
and  other  wasting  diseases.  \\  hile  the  film 
was  not  taken  for  the  lung  tissue,  yet  one 
feels  that  no  definite  change  can  be  seen. 
The  patient  could  not  lie  on  the  face,  so 
that  no  lilm  showing  the  sternum  was 
taken. 
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The  bones  of  the  upper  extremities  show- 
less  change  than  the  other  bones  of  the 
body.  We  find  the  changes  in  the  humerus 
show  a  definite  line  of  deniarcation  at  about 
its  middle.  Above  this  point  all  trace  of  the 
medullary  canal  is  lost,  but  below,  there  is 
a  fairly  definite  shadow  of  the  medullary 
canal,  and  at  the  elbow  the  cancellous 
structure  is  fairly  normal.  The  shadow  is 
simply  a  little  more  dense  than  the  normal. 
Although  the  patient  gives  a  history  of  a 
fracture  of  the  left  humerus  several  vears 


Fig.  8.  The  vertc-brrc  are  of  even  density,  but  the 
cartilages  do  not  seem  to  be  affected.  There  is  fair 
mobility  between  the  vertebrse. 

ago,  no  .v-ray  evidence  has  remained  ol 
such  a  condition.  There  is  no  callus  that 
can  be  seen.  The  bones  of  the  hands  show 
isolated  areas  of  higher  lime  content  than 
the  general  structure,  but  none  of  the 
bones  show  the  general  density  seen 
elsewhere. 

In  studying  the  femora  more  in  detail, 
one  is  struck  at  once  by  the  fact  that 
no  apparent  callus  has  formed  at  the 
fracture  of  twelve  years  ago.  At  least,  the 
lines  of  the  old  fracture  are  clearly  seen. 
There  has  been  no  "wiping"  of  the  joint, 
a  process  usuallj^  done  by  nature.  In  the 
films  taken  of  the  recent  fracture  after 
one  year  of  rest,  the  fracture  borders  seem 
as  sharp  as  ever,  although  the  bones  are  not 
as  widely  separated  as  a  year  ago.  I  am  of 
the  belief  that  no  real  bony  union  has 
occurred.  The  film  of  one  year  ago  was 


taken  through  a  plaster  cast,  while  no 
splint  of  any  kind  was  present  at  the 
later  one.  This  may  account,  in  part  at 
least,  for  the  slight  reduction  in  density 
of  the  heads  of  the  femora,  or  it  may  be  due 
to  the  non-use  in  walking.  The  high  degree 
of  calcification  extends  throughout  the 
shaft  of  each  femur  without  any  evidence 
of  definite  medullary  canal. 

A  careful  review  of  the  literature  in  the 
English  language  shows,  so  far  as  I  can 
find,  not  a  single  case  reported,  and  the 
only  references  to  the  possibility  of  such  a 
condition,  in  general  books  on  medicine, 


Fig.  9.  The  bones  of  the  forearm  are  much  denser  than 
the  normal,  but  near  the  elbow  some  structure  can 
be  seen.  The  patient  reported  that  a  fracture  had 
previously  occurred  in  the  right  humerus,  but  no 
evidence  could  be  found  of  the  fact. 

surgery  and  pathology,  are  given  under  the 
heading  of  "Osteosclerosis,"  where  the 
statement  is  made  in  2  cases  that  the  process 
may  invoKe  all  the  bones,  from  causes 
unknown. 

The  article  by  Schuize  reviews  all  the 
cases  he  could  find  in  the  German  language, 
and  I  am  including  portions  of  it  at  this 
point.  I  have  felt  that  it  would  be  worth 
while  to  incorporate  the  translation  of  the 
entire  article  because  of  its  completeness  in 
reporting  the  cases,  because  of  the  rarity 
of  the  condition,  and  since  the  article  is  not 
generally  obtainable;  but  I  have  sum- 
marized most  of  his  discussions,  and  have 
endeavored  to  give  an  accurate  translation, 
although  relatively  free,  at  the  same_  time 
giving  the  case  records  nearly  verbatim.  A 
bibliography    at    the    end    of   this    paper 
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includes  the  sources  of  the  reports  referred 
to  in  the  article  by  Schulze  as  well  as 
some  other  recent  articles  on  allied  diseases 
(osteosclerosis,  rickets, osteomalacia,  iragil- 
itas  ossium,  metastatic  bone  tumors,  etc.). 
The  article  by  Schulze  is  entitled, 
"The  Nature  of  the  Picture  in  the  Illness 
known  as  Marble  Bones."  It  is  as  follows: 

In  1904  Albers-Schonberg-  called  atten- 
tion to  an  unusual  change  in  the  skeleton 
whose  peculiar  findings  he  demonstrated 
roentgenologically  to  be:  (i)  that  every- 
where the  structural  contour  of  the  bones 
was  preserved;  (2)  that  the  medullary 
canal  and  the  spongy  portions  were 
changed  to  compact  bone  substance;  (3) 
that,  in  all  probability  through  this  change, 
the  lime  content  of  the  bones  is  extra- 
ordmarily  increased. 

These  changes  which  give  the  bones  the 
"marble-like"  appearance  produced  uni- 
form changes  in  the  entire  skeleton  in  the 


Fig.  10.  The  bones  of  the  hands  show  isoLitcd  areas  of 
the  increased  calcification,  but  the  remarkable 
feature  is  the  peculiar  striation  of  the  metacarpals 
and  the  phalanges  and  the  central  foci  in  the  carpals. 

case  studied  by  him  and  were  clinically 
significant  in  that  the  bones  showed 
unusual  fragility,  so  that  proportionately 
insignificant  accidents  gave  rise  to  various 
fractures. 

In  his  second  communication,  m  the 
year  1907,  Albers-Schonberg  added  to  this 
summary  of  his  patient  who  had  enjoyed 
the  best  of  health  for  twenty-six  years  and 
had  followed  his  business  of  merchant. 
The  findings  in  the  first  examination  were 
unchanged.  The  apparent  absorption  of 
the  skull  was  present  uith  retention  of  the 


great  density  in  the  neighborhood  ot  the 
sella  turcica.  The  posterior  clinoidal  process 
appeared  like  a  sickle-shaped  prominence 
because  of  which  the  sella  turcica  was 
apparently  narrowed.  Also  the  crista  galli 
showed  the  same  changes. 

The  thickness  of  the  skull  had  not 
changed  from  the  normal.  The  spaces 
for  the  vessels  and  the  sutures  were  clearly 
differentiated,  but,  on  the  other  hand,  the 
entire  skull  showed  the  same  marble  char- 
acter as  the  rest  of  the  bones  of  the 
skeleton.     In     this    report    Albers-Schon- 


FiG.  1 1.  This  is  a  print  taken  directly  from  the  original 
film  and  shows  the  peculiar  transverse  lines  of  calcifi- 
cation and  the  smooth  articular  surfaces.  Note  that 
the  density  of  the  bone  in  certain  of  the  areas  in- 
volved   is  almost  as'great  as'that  of  the  goldjring. 

berg  emphasizes  the  marble  changes  of  the 
bones  as  especially  characteristic  in  the 
diaphysis  of  the  bones  of  the  feet,  hands, 
fibulae  and  the  ribs,  where  there  are  seen 
parallel  lines  of  lime  deposits.  He  con- 
sidered these  changes  as  all  due  to  very 
hea\'v  lime  deposits. 

Etiologicall\',  the  condition  remained 
entirely  unexi^lained. 

In  19 1 4,  followed  3  other  cases  reported 
by  Sick:^ 

Case    I.    A    fifteen-vear-old  yirl   rather 
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underdex  eloped,  nominally  well  in  early 
life,  who  sutlered  a  fractured  femur  at 
the  fifth  year  of  life  through  an  insignif- 
icant accident.  In  the  course  of  the  four- 
teenth year  there  were  other  broken  bones; 
in  the  course  of  the  last  two  years  there 
appeared  a  suppurative  process  of  the 
lower  jaw  with  loss  of  all  the  teeth. 
Ophthalmoscopically  there  was  consider- 
able optic  nerve  atrophy. 

Heart  and  lungs  were  normal.  W'asser- 
mann  negative.  Roentgen  examination 
showed  entirely  structureless  skull  bones. 
The  sella  turcica  was  narrowed  and  closed. 
The  clinoid  process  was  very  prominent. 


extremities  are  seen  se\eral  healed  frac- 
tures with  deformity.  In  the  upper  half  of 
the  humerus  is  seen  the  knobby  thickening, 
while  the  lower  half  shows  fine  striations 
running  toward  the  concavity  of  the 
diaphysis. 

Case  II.  A  three-and-a-half-year-old 
boy  with  hydrocephalus,  marked  reduction 
of  sight  and  early  atrophy  of  the  optic 
ner\'e.  In  the  skull  is  seen  a  marked  thicken- 
ing of  the  posterior  clinoid  process  so  great 
that  the  hypophysis  appears  to  be  in  a 
narrow  lock.  The  base  of  the  skull  and  the 
bones  of  the  face  are  verv  thick  and  struc- 


FiG.  12.  The  metacarpals  show  the  marked  increase  in 
density  at  their  bases  and  the  carpals  are  very  dense. 
They  differ  sHghtly  from  the  description  given  by 
Schuize  in   that  there   is  no  almond-shaped  center. 

Vertebrae  and  ribs  showed  no  particular 
changes,  but  appeared,  as  in  metastatic 
carcinomata  of  the  bones,  secondary  to 
prostatic  carcinoma.  The  pelvis  showed  a 
uniform  even  color  without  structure.  The 
femurs  showed,  aside  from  the  marked 
bowing  of  the  neck  and  the  changes  in  the 
region  of  the  trochanter  due  to  the  many 
fractures,  club-shaped  thickening,  espe- 
cially at  the  knee-joints;  likewise  the  tibia 
and  the  fibula  showed  in  the  regions  of  the 
knee  the  same  definite  knobby  thickening. 
In  the  lower  half  of  the  tibia,  parallel 
lines  are  seen  in  the  diaphysis.  The  epiphy- 
seal lines  are  preserved. 

The  epiphysis  proper  shows,  like  the 
diaphysis,  a  completel\  structureless  form, 
and  only  in  the  lower  third  of  the  leg  can 
the  distinction  of  the  cortex  and  medullary 
canal     be    demonstrated.     In     the     other 


Fig.  13.  This  film  was  made  at  the  time  of  the  second 
fracture  and  was  taken  through  a  plaster  cast.  It 
shows  the  position  of  the  parts. 

tureless.  The  humerus  is  club-shaped  at 
the  upper  end,  and  the  diaphysis  shows  in 
the  neighborhood  of  the  epiphysis  a  very 
shadowy  thickening  which  is  especially 
definite  in  the  lower  radial  epiphysis.  The 
bones  of  the  hand  show  the  normal  con- 
struction in  the  appearance  of  the  centers 
of  ossification  at  the  wrist. 

The  metacarpals  and  phalanges  present 
a  remarkable  picture.  In  the  metacarpals 
the  bone  in  the  neighborhood  of  the 
epiphysis  shows  marked  thickening  and 
gives  a  dark  shadow,  which  is  seen  at  the 
proximal  ends  of  the  2nd  to  5th  metacar- 
pal as  well  as  the  bones  which  do  not  show- 
any  epiphysis,  and  the  phalanges  show  a 
marked  thickening  in  the  proximal  ends  of 
the  diaphysis.  On  the  inner  half  of  the 
diaphysis  the  bone  appears  in  the  roent- 
genogram in  long  dark  lines.  The  femurs 
show  club-shaped  thickening  and  lack  of 
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structure  in  the  epiphysis  of  the  adjoining 
portions  of  the  bones.  Remarkable  is  the 
picture  of  the  bones  of  the  feet.  Astragal- 
us, calcaneus  and  cuboid  show  peripheral 
shadows  with  thickening  again  in  the 
centers  with  clear  areas  between. 

Case  III.  A  two-and-a-half-\  ear-old 
girl  with  hydrocephalus  and  optic  atrophy. 
In  the  skull  the  sella  turcica  is  narrowed 
but  not  so  pronounced  as  in  Case  II.  The 
posterior  cllnoidal  process  is  markedly 
enlarged.  The  skull  bones  show  the  same 
even  structureless  form  as  the  other  case 
and  the  bones  of  the  extremities  do  not 
vary  from  the  description  already  given. 


Fig.  14.  This  film  was  taken  one  year  after  the  second 
fracture  and  shows  the  first  fracture  after  about 
thirteen  years.  Note  the  sheared-off  nail  used  at  the 
time  of  the  first  fracture.  Note  the  absence  of  appa- 
rent callus.  In  this  respect,  the  case  differs  from  those 
of  the  ciiildren  reported  by  Schulze,  possibly  due 
to  the  age  of  the  patient. 

Sick  concluded  Irom  his  investigations, 
which  dilfered  from  the  case  of  Albers- 
Schonberg  in  that  the  circumstances  gave 
him  growing  bones  to  study,  that  especially 
the  diajjhysis,  and  indeed  the  neighboring 
epiphysis,  showed  a  distinct  thickening — 
and  he  concluded  from  this  that  ihere  were 
located  the  early  stages  of  this  unknown 
disease  process.  He  positively  determined 
that  the  epiphyses  where  they  were 
examined  had  shown  a  uniform  structure- 
less nucleus;  the  fine  parallel  lines  in  the 
diaphysis  he  considered  as  zones  of  growth. 

Cases  II  and  III  of  Sick's  investigations 
were  sisters  and  the  other  one  was  a  blood 
relatixe.    I1u'\    wt're,   like  that   one,   back- 


ward   in    their    body    growth    while    they 
showed  no  definite  mental  defects. 

From  a  communication  by  Lorey^  we 
learn  that  these  three  children  died  with 
signs  of  anemia  and  that  Nos.  II  and  III 
developed  necrosis  of  the  lower  jaw  bone 
with  discharging  fistulas.  At  the  same  time, 
Lorey  reported  concerning  a  brother  of  the 
two  sisters,  on  whom  at  the  age  of  three 
weeks  he  could  show  the  same  uniform 
thickening  of  the  skeletal  system,  so  that 
e\en  by  long  exposures  the  roentgenogram 


Fic.  15.  The  knee  shows  some  clubbing,  referred  to  by 
Schulze,  and  there  is  a  complete  absence  of  any 
structure  in  any  of  the  bones  forming  the  joint.  A 
lateral  view  shows,  however,  that  the  patella  is  but 
slightly  affected. 

could  show  no  distinction  between  cortex 
and  spongiosa.  Especially  remarkable  was 
the  uniform  change  in  the  calcaneus  and 
the  astragalus  which  showed  no  reduction 
in  density  in  the  center,  as  had  been  true 
in  the  two  sisters.  The  trans^•erse  bands 
could  not  be  discerned  here. 

The  bones  of  the  extremities  were  very 
highly  and  uniformly  thickened.  Only  at 
the  proximal  ends  of  the  phalanges  were 
the  appearances  of  trans^■erse  bands.  There 
was  increased  spinal  pressure  in  the  child, 
and,  in  a  few  weeks,  blindness  followed 
optic  atrophy. 

The  child  died  at  the  age  of  five  months 
after  de^•eloping  a  high  grade  anemia,  and 
a  necrosis  ot  the  lower  jaw,  with  draining 
fistulas. 
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Autopsy  was  denied  in  all  these  cases. 

Concerning  Albers-Schonberg's  patient 
we  hear  again  eleven  years  after  the  first 
communication  through  a  report  by 
Reiche.^  From  it  we  learn  that  the  patient, 
in  the  interim,  had  received,  from  slipping 
in  his  room,  a  fracture  of  the  thigh  which 
healed  in  five  weeks.  We  find  from  his 
history  that  the  man,  now  more  than 
thirty-seven  years  of  age,  has  shown  a 
reduced  mentality  and  has  acquired  a 
very  pale  complexion.  Has  had  a  childless 
marriage.  His  appetite  has  become  increas- 


From  the  history  by  Albers-Schonberg 
there  appeared  a  very  definite  luetic 
heredity,  on  the  basis  of  which  Reiche  had 
instituted  an  intensive  anti-luetic  treat- 
ment meantime,  without  result  and  with  no 
change  in  the  changed  bones.  Through  the 
elaborate  investigation,  it  seems,  then, 
that  the  changes  occur  in  the  earliest 
childhood. 

Laurell  and  Wallgren*  report  a  sixth 
case  of  this  unusual  disease.  It  occurred 
with  a  tweive-year-old  boy  from  a  healthy 
family,  who  developed  poorly  and  was  able 


Fk;.  16.  A  direct  print  taken  to  show  the  lack  of  callous  formation  after  one  year  from 
the  date  of  fracture.  Practically  no  detail  of  the  bone  can  be  observed. 


ingly  strong.  He  requires  much  sleep. 
Intercurrent  illnesses  leave  him  each  time 
with  an  unaccountable  weakness.  The  new 
roentgenograms  still  show  the  concen- 
tration of  the  bone  substances  already 
described.  Objectively  the  whole  clinical 
picture  has  not  changed.  Heart,  lungs  and 
nervous  system  are  as  before.  The  lym- 
phatics in  the  supraclavicula  region, 
axillary,  inguinal  and  the  right  femoral 
region  are  in  small  white  bundles.  In  the 
left  groin  is  a  white,  tender,  soft  lump 
about  the  size  of  a  child's  fist.  The  liver 
extended  about  i)^  fingerbreadths  below 
the  border  of  the  ribs.  The  spleen,  when 
brought  down  by  deep  inspiration,  showed 
about  the  breadth  of  the  hand,  was  large 
and  firm  and  had  a  rounded  edge. 


to  sit  alone  first  at  the  age  of  one  year. 
Soon  after  birth  there  de\eloped  a  hydro- 
cephalus and  nystagmus,  and  in  his 
second  year,  difficulties  of  vision.  Only  at 
two  and  a  half  years  was  this  boy  able  to 
walk  without  help.  In  his  third  year  his 
case  was  diagnosed  by  a  physician  as  hydro- 
cephalus and  English  disease  (rickets). 
At  the  age  of  eight  there  occurred  a 
fracture  of  the  right  leg,  which  healed  in 
eight  weeks,  followed  in  one  year  by 
another  fracture  of  the  same  leg.  At 
eleven  years  a  fracture  of  the  right  thigh 
occurred  which  united  in  six  weeks.  After 
another  year  a  fracture  of  the  upper  part  of 
the  right  thigh  occurred.  The  occasions 
for  these  fractures  were  in  every  case 
insignificant.  From  the  a- ray  examination, 
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as  well  as  the  history,  there  was  evidence  of 
fractures  other  than  those  enumerated. 

The  mental  development  of  the  boy  is 
quite  good.  The  musculature  is  very  poorly 
developed,  as  is  the  fatty  tissue.  The 
development  of  the  skeleton  is  delayed. 
The  teeth  are  very  carious.  The  chest  is 
deformed  by  an  indrawing  of  the  diaphrag- 
matic area  and  a  corresponding  outward 
bending  of  the  border  of  the  sternum.  A 
rachitic  rosary  is  not  demonstrable.  Skin 
and  tendon  reflexes  are  c.ctive.  There  is 
bilateral  choked  disc  in  an  atrophic  stage. 


Aside  from  the  signs  of  the  old  fractures, 
the  .v-ray  examination  shows  an  abnormally 
high  lime  deposit  as  well  in  the  bones  of 
the  skull  as  the  bones  of  the  extremities 
and  trunk.  These  changes  are  especially 
remarkable  in  the  upper  portion  of  the 
femur.  Here  we  see  the  diaphysis  and 
metaphysis  for  the  most  part  a  homoge- 
neous dense  appearance  without  differentia- 
tion of  the  cortex,  spongiosa  or  the 
medullary  canal.  Especially  impressive  is 
the  appearance  of  the  encircling  bands  of 
lime  salts  parallel  to  the  epiphysis.  They  are 
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Fig.  17.  A  direct  print  from  tiic  original  him  to  sliow  tin  liigli  calci- 
fication of  the  base  of  the  skull  and  the  narrowing  of  the  outlet 
to  the  sella  turcica.  The  even  density  of  the  bone  makes  it  verj' 
difficult  to  demonstrate  the  details. 


There  is  lateral  nystagmus.  Hydrocephalus 
is  present.  Lumbar  puncture  showed  a 
pressure  of  330.  Lungs  and  heart  are 
normal.  Spleen  is  palpable  under  the  edge 
of  the  ribs.  Liver  not  noticeably  enlarged. 
In  the  axilla  and  the  inguinal  region  are 
lymphatic  nodes  of  the  size  of  peas  to 
beans.  The  sexual  organs  correspond  to 
those  of  an  adult.  The  cartilagenous  rings  of 
the  trachea,  from  the  thyroid  cartilage  on, 
are  free  from  gland  tissue.  The  thyroid 
gland  is  not  palpable.  Wassermann  is 
negative.  Blood  picture  is  that  of  secondary 
anemia  with  80  per  cent  hcmngiobin. 


found  in  the  long  bones  and  the  flat  bones 
alike;  for  example,  the  concave  portion  of 
the  sacrum.  The  definite  enlargement  of  the 
skull  shows  everywhere  the  changes  seen 
in  the  other  cases.  The  sella  turcica  is 
remarkably  small  and  has  a  narrow,  canal- 
like entrance.  The  vault  of  the  cranium  is 
stronger  than  normal  in  the  posterior  part 
and  somewhat  thickened,  and  the  diploe 
appear  about  complete. 

Both  bones  of  the  upper  arm  are  clubbed 
in  the  upper  third.  The  same  appearance 
shows  in  the  distal  ends  of  the  femur  and 
the  proximal  ends  of  the  tibia.  Both  sides 
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show  a  coxa  xara  position.  Astragalus  and 
calcaneus  show  the  almond-shaped  trans- 
parent areas  in  their  centers  that  have 
already  been  described  by  Sick,  as  do  also 
the  navicular,  cuneiform,  and  cuboid 
bones.  Very  pronounced  is  the  appearance 
of  the  bands  of  lime  deposits  in  the  meta- 
tarsals, the  metacarpals,  and  phalanges  of 
the  hands. 

While  Albers-Schonberg,  Sick  and  Lorej", 
in  common,  limit  themselves  to  the  discus- 
sion of  the  roentgen  and  clinical  findings 
and  fail  to  name  a  place  for  the  malady 
from  their  investigation,  Reiche  believes 
that  he  is  able  to  harmonize  the  unusual 
findings  in  the  bones  with  those  pictures 
of  common  osteosclerosis  as  they  were 
described  by  Neuman,  combined  with 
leukemia,  and  by  v.  Baumgarten,  with 
pseudoleukemia. 

Guided  by  the  conception  that  such 
extended  damage  to  the  bone-marrow  as 
would  follow  an  osteosclerotic  process 
would  give  cause  to  noticeable  changes  in 
the  blood  picture,  Reiche  has  continued 
his  observations  of  Albers-Schonberg's 
patient  since  November,  1907. 

The  blood  showed  a  watery  pink  color. 
The  coagulation  time  was  rapid.  The 
hemoglobin  was  much  reduced  and  varied 
between  30  per  cent  and  36  per  cent.  In  the 
microscopic  picture,  there  appear  in  the 
red  cells  definite  gross  changes  smiilar  to 
the  changes  in  poikilocytosis,  and  the 
hemoglobin  shows  irregular  distribution  in 
the  blood  discs.  Polychromasia  is  frequent. 
The  red  cells  were  crenated  in  many 
preparations.  The  various  types  of  erythro- 
blasts  were  constantly  present — micro- 
normo-  and  macroblasts,  and  occasionally 
gigantoblasts  of  unusually  large  dimen- 
sions. Often  were  the  nucleated  red  cells 
polychromatic,  occasionally  staining  a  dark 
violet  blue.  Blood  platelets  were  always 
plentifully  abundant.  The  count  of  the 
red  corpuscles  was  about  2,000,000.  The 
leucocyte  count  was  about  6,400 — in  it 
the  polynuclear  count  was  lowered  while  the 
lymphocyte  count  was  increased.  Eosino- 
phils were  normal. 

The  anemic  condition  of  the  blood  in 
company  with  the  enlargement  of  the  liver, 
spleen  and  lymphatics  moved  Reiche  to 
associate  the  bone  changes  as  a  composite 


disease  and,  in  a  sense,  to  locate  them  in 
the  same  group  as  the  cases  of  myelog- 
enous pseudoleukemia  described  by  v. 
Baumgarten. 

He  left  open  the  question  of  the  possi- 
bility that  the  well-established  blood 
changes  always  seem  to  be  a  result  of  the 
osteosclerosis.  He  was  impressed  with  the 
similarity  in  the  blood  findings  with  those 
in  osteoplastic  carcinomata  of  the  skeleton 
and  in  multiple  myelomata. 

Laurell  and  Wallgren,  who,  in  their 
cases,  established,  at  all  events,  only  an 
essentially  low  grade  of  anemia,  discuss 
the  case  only  as  similar  to  that  of  Reiche. 
They  decide  the  blood  changes  to  be  of 
secondary  character  and  they  assume  the 
enlargement  of  the  spleen  described  by 
him  as  the  expression  of  a  vicarious  en- 
trance of  its  activity  as  the  "result  of 
reduction  of  the  bone  marrow." 

Concerning  the  question  of  the  heredi- 
tary luetic  origin  of  the  malady,  Reiche  was 
uncertain.  It  appears  also  that  the  ante- 
cedents of  the  case  reported  by  Albers- 
Schonberg  support  such  an  uncertainty. 
It  is  verjr  poorly  supported  by  all  the  other 
cases,  so  that  it  would  seem  that  such 
etiology  may  be  dismissed  from  consider- 
ation. 

Under  the  impression  that  the  thyroid 
was  not  thoroughly  established,  Laurell 
and  Wallgren  have  tested  the  sugar 
tolerance  of  their  patients  in  proof  of  ali- 
mentary glycosuria  as  seen  after  adrenalin 
injections.  The  result  that  a  higher  toler- 
ance appeared,  strengthened  the  idea  of 
a  hypoplastic  thyroid.  They  also,  sim- 
ilarly to  Sick  and  Lorey,  assume  as  the 
cause  of  the  delayed  general  development, 
the  changes  in  the  hypophysis  (even  a 
hypoplasia),  and  they  come  to  the  con- 
clusion that,  as  an  explanation  of  the 
general  picture  of  this  skeletal  malady, 
there  is  possibly  a  pluriglandular  affection 
of  the  endocrine  glands  which  they  see  in 
the  hypoplastic  condition  of  the  hypoph- 
ysis and  the  thyroid. 

We  are  fortunate  in  being  able  to  further 
the  knowledge  of  this  research  by  another 
case  of  this  rare  and  peculiar  skeletal 
change  in  which  we  can  add  the  autopsy 
report  to  the  roentgen  findings. 

Hugo  S.,  aged  eleven  years,  descended 
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from  a  healthy  family,  without  hereditary 
taint,  mentally  well  de^"eloped,  and  usually 
well  in  earlier  life.  Recovered  from  scarlet 
fever  in  1914.  Since  that  time  his  health  has 
failed.  There  has  been  indehnite  pain  in  all 
the  limbs.  He  was  placed  in  a  tuberculosis 
sanitarium,  but  with  no  improvement. 
In  the  course  of  the  year  there  appeared  a 
gradual  stiffness  of  the  spine  and  increas- 
ing pain  in  all  the  joints. 

At  the  beginning  of  the  observation  he 
appeared  as  a  large  growing  boy  of  52  lbs. 
His  features  showed  senile  character.  The 
face  and  visible  mucous  membranes  were 
anemic.  The  subcutaneous  fat  was  reduced 
everywhere,  the  musculature  was  atrophic, 
the  skin  thrown  into  folds. 

The  illness  disabled  him  so  that  he  could 
lift  himself  from  bed  only  with  outside  help. 
The  spine  showed  in  the  upper  part  a 
scoliosis  and  appeared  stiff  and  immobile. 
The  slender  bones  of  the  extremities 
showed  no  abnormality.  The  teeth  were 
undoubtedly  rachitic. 

The  ligaments  of  the  patellae  were 
thickened  and  gave  the  feeling  of  hard 
lime  deposits  in  them.  The  same  appear- 
ance was  found  in  both  Achilles  tendons. 
Hard  lime  deposits  of  pea-size  were  seen  in 
the  skin  of  the  neck. 

Enlarged  lymphatic  glands  were  not 
determined. 

The  lungs  showed  by  auscultation  and 
percussion  no  changes  from  the  normal, 
and  especially  every  effort  was  made  to 
exclude  tuberculosis. 

The  liver  extended  one  finger-breadth 
below  the  costal  margin. 

The  pancreas  was  not  palpable. 

The  patellar,  cremasteric,  and  abdominal 
reflexes  were  slightly  exaggerated.  Other- 
wise the  nervous  system  was  normal. 

The  action  of  the  heart  was  increased, 
the  pulse  ran  104  to  the  minute  with  strong 
epigastric  pulsation.  The  heart  border 
reached  toward  the  left  to  the  mammary 
line,  while  to  the  right  it  extended  to  the 
left  border  of  the  sternum.  The  tones  of  the 
heart  were  normal,  with  no  murmurs. 
The  second  aortic  sound  was  sharply  accen- 
tuated. The  pulse  pressure  was  low.  The 
radial  artery  was  hard.  The  temporal  artery 
was  tortuous  and  hard  and  thesame  changes 
were  present  in  tlu'  upper-arm  vessels. 


The  urine  had  a  sp.  gr.  of  1.005,  con- 
tained red  blood  cells,  no  casts,  no  albumin. 

The  picture  is  completed  by  the  most 
remarkable  roentgenograms.  Aside  from 
the  calcification  of  the  patellar  and  Achilles 
tendons  already  determined  by  clinical 
means,  we  find  in  the  .v-ray  plates  undoubted 
periarticular  calcification  of  the  hip  and 
knee-joints.  Also  calcification  of  the 
posterior  longitudinal  ligament  of  the 
vertebral  joints  and  the  plantar  ligaments 
appears.  At  the  same  time  there  appears 
everywhere  in  the  extremities  calcification 
of  the  vessels. 

All  these  changes,  especially  the  ones 
first  mentioned,  appear  similarly  all  over 
the  entire  skeleton.  With  the  exception 
of  the  region  of  the  metaphysis  of  the  long 
round  bones  the  distinction  of  cortex  and 
medullar)'  canal  is  entirely  lost.  The  whole 
bone  is  changed  into  a  compact  struc- 
tureless mass.  On  account  of  this  the 
bones  show  an  unusual  fragility.  Similarly, 
this  change  appears  in  the  bones  of  the 
vertebrae,  the  feet  and  the  wrists.  Every 
particle  of  structure  is  lost  and  only  a  dense 
bone  shadow  appears  with  complete  preser- 
vation of  the  external  form  of  the  bone. 

Also  the  ribs  and  the  sternum  show  these 
changes  in  structure.  In  the  metaphysis  of 
the  long  round  bones  the  cortex  is  limited 
to  a  narrow  edge. 

In  like  manner  the  borders  of  the 
pelvic  bones  appear  calcified  in  contra- 
distinction to  a  proportionately  less  exten- 
sive part  of  the  center  of  the  bone  where  it 
is  completely  rarified. 

The  femur,  fibula,  tibia  and  bones  of 
the  forearm  show  a  definite  bending  of  the 
axis,  and  the  humerus  shows  a  club-like 
thickening. 

The  left  femoral  head  is  in  a  coxa  valga 
position. 

If  we  turn  from  the  associated  reports 
and  compare  the  findings  on  the  skeleton 
of  this  boy  with  the  others  as  they  are 
set  forth  by  their  authors,  we  see  the 
universal  recognition  of  this  delinitc  change 
in  the  bones  to  \\hich  all  ha\e  called 
special  attention.  In  definitely  classic 
manner  do  these  illustrations  agree:  for 
exam])lo,  the  picture  of  the  diaphysis  of 
the  femur,  the  \ertebral  column  and  the 
foot. 
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The  generalization  of  the  changes  over 
the  entire  skeleton  (also  shown  in  our  case) 
is  the  expression  of  the  entire  picture  of 
this  malady. 

A  definite  systematic  diagnosis  of  this 
remarkable  bone  change  was  not  possible 
on  the  basis  of  the  roentgenograms  alone. 
Therefore,  welcome  indeed  was  the  possi- 
bility of  completing  our  roentgen  findings 
by  autopsy,  since  the  boy  died  suddenly 
with  signs  of  heartweakness,  vascular  and 
renal  changes  in  association  with  his 
anemia. 

The  report  of  the  autopsy  findings  by 
Professor  Hart,  was: 

"A  corpse  of  male  sex  of  childish  habitus, 
slender  bone  construction,  very  poor  nutri- 
tion and  pale  skin.  Size  and  development 
indicate  a  boy  of  about  eleven  years  of  age. 

"The  vault  of  the  cranium  is  long, 
thick  and  heavy,  the  sutures  being  plainly 
visible.  The  saw-cut  shows  no  evidence  of 
spongiosa — the  bone  is  much  more  uni- 
formly gray-white,  fine  white  patches  and 
short  streaks  being  visible  only  on  close 
inspection.  Only  on  the  tip  of  the  vertex  is 
the  brain  of  a  grayish-red  color,  while  on 
the  remaining  areas  there  is  a  gray-white 
color  with  a  remarkable  veil  of  fine,  dark 
red  blood-vessels  resembling  an  injection 
preparation. 

"On  the  inner  aspect  is  the  dura  mater, 
which  is  a  thin  membrane,  like  tissue  paper, 
everywhere  firmly  adherent  to  the  bone 
and  not  easily  separated.  Only  in  the  region 
of  the  longitudinal  sinus  can  one  find 
heavy  folds  of  the  dura.  The  falx  is  well 
developed  and  completely  calcified  and 
there  are  calcified  deposits  found  in  the 
tentorium.  Everywhere  the  inner  table  of 
the  vault  of  the  skull  shows  a  definite 
moulding,  and  everywhere  can  be  seen 
the  white  patches  and  streaks  which  arise 
from  the  gray-white  bone  beneath  the  dura. 

"The  appearance  of  the  base  of  the  skull 
corresponds  to  the  above  description. 
Especially  is  it  to  be  emphasized  that  all 
sharp  corners  are  rounded  and  appear 
plump  and  thick,  and  all  foramina  show 
narrowing.  The  occipital  foramen  is  nor- 
mally wide  and  the  ligaments  at  its  base 
are  free. 

"The  processus  clinoideus  posterior  is 
especially  thickened  and  enlarged,  caused 


by  the  thickening  of  the  bone.  Although 
the  opening  of  the  sella  turcica  is  narrowed, 
there  is  normal  size  of  the  pituitary  body 
and  it  appears  macroscopically  to  be  of 
normal  structure. 

"The  features  are  delicate — bony  thick- 
ening cannot  be  felt.  The  spine  is  kyphotic 
in  the  dorsal  region.  The  vertebral  liga- 
ments are  thin  but  tolerably  firm.  In  a 
transverse  section  the  spinal  canal  is  of 
normal  width  and  is  lined  with  a  soft  dura. 

"The  intervertebral  cartilages  are  thin 
and  firm.  The  cut  surfaces  of  the  bodies  as 
well  as  the  transverse  processes  show  a 
uniform  gray-white  quality  without  any 
trace  of  separation  of  the  various  parts  of 
the  bone.  Numberless  white  patches  and 
stripes  are  seen  on  the  bodies  of  the 
vertebrae. 

"The  same  picture  is  seen  on  the  cut 
section  of  the  cross-section  of  the  sternum 
— only  one  sees  here  in  the  immediate 
neighborhood  of  the  interarticular  car- 
tilages,  of  which  three  are  present,  a  dark- 
red  colored  zone.  In  the  remainder  of  the 
bone  it  appears  on  cut  and  uncut  surfaces 
completely  eburnated  (ivory-like). 

"The  long  round  bones,  femur,  tibia  and 
humerus  show  the  following:  The  diaphysis 
appears  as  a  unifoimly  firm  grayish-white 
bone  substance  without  any  trace  of 
medulla  and  of  any  remnants  of  a  definite 
cortex.  The  epiphysis  shows  the  same  con- 
dition except  in  the  immediate  border  of 
the  joint  cartilage  where  there  appears  a 
narrow  line  of  boundary  substance,  dark 
red  in  color.  Between  the  diaphysis  and  the 
epiphysis  one  can  see  a  2  to  3  cm.  zone  of 
dark  red  color  which  gradually  shades  off 
into  the  diaphysis,  in  the  neighborhood  of 
which  there  appears  a  thin  edge  of  cortex. 
The  epiphysial  lines  show,  in  all  the  long 
tubular  bones,  irregularities,  which  are 
especially  prominent  in  the  femur  and 
humerus. 

"These  changes  group  themselves  in 
such  a  manner  that  the  cartilaginous  lines 
in  the  center  of  the  thickening  and  the 
conical  projections  toward  the  marrow  are 
seen  with  simultaneous  strongly  marked 
calcification  which  appears  on  the  lateral 
striated  portions  as  uniformly  _  narrow, 
gray-white  borders.  In  the  projecting  plugs 
one    can    see    grayish-white    foci    of   lime 
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salts,  not  only  on  the  borders,  but  also 
within  the  cartilages.  In  the  femur  there 
lie  in  the  border  zone  isolated,  irregularly- 
formed  islands  of  cartilage  of  various 
sizes  and  containing  calcareous  foci.  In  the 
humerus,  where  the  border  zone  of  the 
metaphysis  is  especially  broad,  even  a 
bending  of  the  bone  is  produced. 

"All  the  joints  show  a  flattening  of  the 
cartilages  but  with  no  abnormal  contents, 
and  within,  in  the  capsules  and  in  the 
ligaments  (especially  pronounced  in  the 
knee-joints)  are  at  times  large  masses  of 
lime  deposits.  The  ligamentum  patellae  is 
markedly  calcified. 

"The  microscopic  findings  are  as  remark- 
able as  the  macroscopic  and  are 
summarized  as  follows: 

"There  is  a  very  beautiful  picture  of  new 
bone  formation  as  much  in  the  periosteum 
as  in  the  osteoblasts,  which  exists  as  a 
continuous  covering  but  is  composed  of  low 
flat  cells  with  dark  spindle-shaped  nuclei. 

"The  bony  edges  everywhere  are  not 
only  narrow  and  firm  and  below  the  normal 
breadth,  but  may  be  even  entirely  absent. 

"The  incomplete  new  bone  picture  shows 
especially  in  the  border  between  the  bones 
and  the  cartilages  of  the  ribs  and  long 
tubular  bones,  where  the  metaphysis  shows 
an  entirely  undeveloped  cortex  and  a  Nery 
insufficient  spongiosa.  In  the  short  bones 
the  entire  bone  picture  is  one  of  generally 
poorly-developed  cortex. 

"The  irregularities  of  the  bone  and 
cartilage  zones  are  dependent  for  the  most 
part  on  the  deficient  activity  of  the  osteo- 
blasts. Osteoblasts  were  found  everywhere, 
but  their  number  was  so  small  that  it 
constituted  real  deficiency.  Under  these 
conditions,  there  arises  a  really  complete 
disappearance  of  bone  construction. 

"A  relatively  increased  content  of  lime 
salts,  for  whose  etiology  we  will  need  to 
look  further,  has  thereby  appeared  in  the 
rapid  calcification  of  the  osteoids.  The 
degree  of  thickening  of  the  bone  substance 
is  increased  because  in  the  narrow  medul- 
lary spaces  chalk  masses  have  been 
deposited,  which  here  and  there  have  been 
found  in  the  narrow  blood  canals  and  ha\  e 
completely  filled  the  medullary  tissue. 

"This  deposit  of  lime  is  partially  found 
ill    the   walls   of  the   arteries,   but   is   most 


pronounced  in  the  construction  of  the 
medullary  tissue. 

"This  occurs  exceptionally  in  the 
metaphysis,  but  for  the  most  part  is 
present  in  the  lymphoid  tissue,  which,  in 
other  places  more  or  less  separated,  is 
replaced  by  a  fatty  tissue  or  a  very  loose 
tissue  composed  of  an  extremely  soft 
fibrous  reticulum  with  small  fat  cells 
intermingled." 

Considering  our  roentgenograms  and  the 
descriptions  and  accompanying  illustra- 
tions of  the  other  authors  and  our  exam- 
inations of  the  cut  sections  of  the  bones, 
we  would  expect  the  findings  of  a  com- 
pletely obliterated  medullary  canal.  The 
bones  are  of  one  complete  definite  gray- 
white  substance  without  a  visible  sign 
macroscopically  of  a  medulla.  Through  the 
deposit  of  free  masses  of  chalk,  in  the  interior 
of  the  marrow,  the  sp.  gr.  of  the  bones  is 
thereby  considerably  increased.  The  bony 
foci  of  the  epiphysis  are  calcified  at  the 
same  time,  a  finding  that  Sick  had  already 
noted  from  the  roentgen  research  of  his 
cases. 

The  bony  changes  involve  the  entire 
skeleton.  The  change  in  composition 
of  the  skull  and  the  base  of  the  skull, 
which  it  was  not  possible  previously  to 
prove  radiographically,  is  now  known 
to  have  taken  place  just  as  it  had  in  other 
bones. 

Especially  do  the  posterior  clinoid 
process  and  the  sella  turcica  illustrate 
this — a  finding  that  has  impressed  itself 
upon  the  other  authors  when  the  knobby 
and  clubbed  areas  of  thickening  have 
produced  a  reduction  of  size  of  the 
hypophysis. 

Worthy  of  remark  is  the  noticeable 
narrowing  of  all  of  the  foramina  at  the  base 
of  the  skull.  These  changes  in  the  foramina 
give  a  reason  for  the  fact  that  there  is  so 
commonly  demonstrated  an  optic  atrophy, 
and  give  as  a  plausible  reason  that  it  is  the 
result  of  such  a  narrowed  foramen  aflecting 
the  optic  nerve,  just  as,  for  example,  in 
tower  skull. 

Also  the  nystagmus  that  was  described 
by  Laurell  and  Wallgren  in  their  case 
could  be  explained  in  the  same  way  by  a 
narrowing  of  the  outlet  for  the  eighth 
ner\c  as  it  lea\es  the  skull. 
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In  addition  to  the  earlier  investifiation 
in  which  the  thickening  process  aheady 
had  invaded  the  epiphysis  and  the  neigh- 
boring parts  of  the  diaphysis,  do  we 
find  here  in  our  case  the  process  first  in  its 
onset. 

This  circumstance  makes  it  possible  for 
us  to  construct  a  picture  of  the  condition, 
which,  in  our  judgment,  lays  special 
emphasis  on  the  epiphysial  lines  of  the  bone 
changes. 

The  characteristic  appearances  are 
brought  to  our  attention  through  the.\-ray. 
The  microscopic  examination  demonstrates 
that  there  are  conditions  here  which 
resemble  rickets. 

Everywhere  the  microscopical  picture 
shows,  aside  from  the  marked  increase  ot 
lime  content  of  the  bones,  entirely  with  the 
suggestion  of  an  extremely  inactive  bone 
process,  a  rapid  complete  destruction  of 
the    normal    bone    picture. 

To  give  a  safe  explanation  of  the  nature 
of  this  malady  is  not  possible  from  the 
purely  anatomical  findings.  The  well-estab- 
lished changes  do  not  allow  a  definite 
classification  under  the  known  diseases  of 
the  skeleton.  Our  attention  was  naturally 
turned  in  the  first  place  to  the  known 
results  of  osteitis  fibrosa  in  a  general 
osteosclerosis. 

Not  considering  the  roentgen  findings 
which  lack  the  usual  marked  deformity  of 
the  bones,  all  the  less  does  the  micro- 
scopic investigation  speak  for  one  of  the 
known  diseases.  Above  all  does  the  nature 
of  the  marrow  speak  for  this,  which  alone 
allows  the  conclusion  that  a  disease  emanat- 
ing from  the  marrow  cannot  be  responsible 
for  such  a  bone  change. 

It  also  shows  in  this  connection  that  the 
opinion  advocated  by  Reiche,  that  we 
have  to  do  here  with  a  resultant  osteo- 
sclerosis with  a  myelogenous  leukemia  or 
pseudoleukemia,  appears  to  ha\e  no  basis. 

There  exists  here,  as  already  mentioned, 
a  resemblance  to  the  picture  of  rickets  as 
it  shows  in  the  appearance  of  the  growing 
zones  of  the  bones.  Only  the  characteristic 
sign  for  this  is  missing,  viz.,  the  abnormally 
broad  edge  of  the  osteoids. 

There  is  also  missing  anatomically  the 
possibility  of  demonstration  of  the  malady 
as  a  iu\eniie  osteomalacia,  because  of  the 


fact  that,  along  with  the  changes  in  the 
growing  zones  of  the  bones,  the  composi- 
tion of  the  osteoblasts  and,  as  well,  the 
remarkable  thinning  of  the  cortex  of  the 
metaphysis,  testify  against  such  a  concep- 
tion. Microscopically  there  are  the  follow- 
ing findings: 

Very  small  many-sided  open  spaces  in 
the  edge  of  the  growing  bone  in  which  the 
signs  of  new  periosteal  bone  are  very  little 
in  evidence.  The  bone  makes,  in  many  ways, 
an  immature  appearance,  because  of  the 
breadth  of  the  small  bone  cells.  The  cam- 
bium layer  of  the  periosteum  is  very 
definitely  noticeable;  it  shows,  however, 
only  flat  spindle  cells  and  nuclei  without 
zones  of  growth.  On  the  Inner  side  lies  the 
thin  cortex  with  only  a  narrow  or  even  no 
border  of  osteoids 

Also,  even  here,  judging  from  the  new 
bone  picture,  no  anatomical  ground  for 
the  diagnosis  of  an  osteomalacia  can  be 
seen. 

Nevertheless,  we  are  inclined  to  assume 
for  the  case  a  primary  existence  of  a 
rachitic-osteomalacic  process  as  the  bone 
malady. 

W'e  are  led  to  this  conclusion  because  of 
the  definite  characteristic  Irregularities 
of  the  growing  zones  of  the  loints  and  a 
group  of  exclusive  bone  changes  which  we 
have  seen  In  our  case,  as  well  as  the  descrip- 
tions and  plates  of  the  other  authors.  A 
sickle-shaped  thickened  posterior  clinold 
process  is  common  to  all:  the  drum-stick 
thickening  of  the  heads  of  the  fibulas 
described  by  Albers-Schonberg,  the  pestle 
and  club-shaped  thickenings  of  the  joints 
of  the  upper  and  lower  thigh  and  the 
proximal  joint  heads  of  the  humerus  as 
described  by  Sick.  The  knobby  appearance 
of  the  lower  ends  of  the  femurs,  as  well  as 
the  upper  end  of  the  humerus  was  found 
in  our  case,  concerning  which  we  go  much 
further  in  investigation  than  the  Laurell- 
Wallgren  research,  and  agree  with  them 
in  their  conception  of  the  etiology  and 
their  judgment  concerning  the  changes  of 
form  as  seen  In  the  coxa  valga  position— m 
Laurell-Wallgren's  case  there  was  a  bilat- 
eral coxa  vara — likewise  In  regard  to  the 
characteristic  bendings  of  the  diaphysis 
of  the  humerus,  femur,  tibia,  fibula  and 
lower  arm  bones  that  can  be  shown. 
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All  these  changes  are  so  characteristic 
that  they,  even  in  the  absence  of  the 
thickening  process  of  the  bone  and  the 
high  chalk  content,  do  not,  for  a  moment, 
leave  us  in  doubt  as  to  their  rachitic- 
osteomalacic  origin. 

Very  typical  is  also  the  antecedent 
history  of  the  Laurell-Wallgren  case:  First 
the  boy  was  able  to  walk  without  help  only  at 
two  and  a  half  years,  the  first  teeth  erupted 
at  the  end  of  one  year  and  the  eruption  of 
the  later  teeth  was  delayed  and  irregular. 
Finally,  in  his  third  year,  the  diagnosis  of 
"rickets"  (English  disease)  was  made  by 
his  physician. 

With  the  frequency  of  hydrocephalus  in 
rachitic  disease,  the  frequent  occurrence 
in  association  with  the  disease  of  the 
skeleton  that  we  are  discussing  speaks  for 
our  opinion  as  stated  above. 

Also  the  family  history  speaks  for  this 
as  fully  as  do  the  disturbances  of  growth 
in  such  a  process  as  was  found  in  every 
case  of  our  research. 

While  it  is  not  possible  to  exhibit  the 
process  of  thickening  by  section  of  any 
resected  bone  by  which  we  could  show  the 
microscopic  changes  of  rachitic-osteomala- 
cia, there  is  the  probability  that  the 
original  underlying  malady  came  to  a 
standstill,  or  that  there  had  been  a  rachitic- 
osteomalacic  process  o\erlapped  by  some 
outside  process  in  which  there  had  already 
been  a  deficient  lime-content  throughout 
the  entire  organism  with  an  excessive 
sugar  retention  and  accumulation. 

To  this  exhibit  is  added,  in  addition  to 
the  lime  richness  of  the  bones,  the  finding 
of  the  unusual  calcification  to  the  greatest 
degree  of  the  whole  organism,  which  in 
our  case  accompanied  the  changes  in  the 
bones. 

We  have  spoken  above  of  the  calcifica- 
tion of  the  patellar  ligament,  the  plantar 
and  Achilles  tendons  as  shown  by  the  .v-ray ; 
of  the  periarticular  calcification  of  the  hip 
and  knee-jomts  and  the  posterior  longitu- 
dinal ligament  of  the  spine;  and  of  the 
arteriosclerotic  changes  definitely  palpable 
and  sometimes  seen   in   the  .v-ray   plates. 

Far  beyond  our  expectation  does  the 
autopsy  confirm  this  opinion,  and  discloses 
everywhere  increased  calcification  in  the 
arteries    ol    all    the    nitcrnal    organs:    the 


lungs,  which  show  everywhere  the  appear- 
ance of  pumice-stone;  the  myocardium  of 
the  left  heart,  the  mesenteric  vessels  with 
their  branches;  the  renal  vessels,  etc. 
In  short,  in  addition  to  the  known  changes 
could  be  seen  the  peripheral  vessels  and  the 
arteries  of  the  internal  organs  changed  into 
stiff  chalk  tubes,  with  the  exception 
of  the  thoracic  aorta,  both  carotids  and 
the  vessels  of  the  brain. 

Especially  marked  calcification  was  seen 
in  the  posterior  parts  of  the  tracheal 
rings  and  lime  deposits  were  seen  In  the 
mucous  membrane  of  the  stomach,  and 
lime  Infarcts  In  the  kidneys. 

With  all  these  changes  present  in  com- 
plete unison,  we  find  In  the  blood  double 
the  normal  value  of  the  contained  lime 
salts,  despite  the  fact  that  the  examination 
of  the  urine  showed  a  normal  output. 

So  there  appears  In  the  foreground  of  the 
malady.  In  our  case,  an  unusual  lime  con- 
tent of  the  collective  organism,  while  there 
appears  In  the  comparison  cases  much  the 
same  condition,  although  exceptionally  the 
lime  is  found  only  in  the  bone  tissue. 

Keeping  in  mind  the  reports  of  the  other 
authors  concerning  the  excessive  callus 
picture  and  the  rapid  union  of  the  fractures 
in  every  case  under  observation,  it  appears 
that  because  of  the  excessi\"e  content  of 
the  lime  salts  In  the  blood,  fa\"orable  and 
rapid  healing  process  could  occur.  The 
time  required  for  repair  of  the  bones  has 
in  every  case  been  reduced  to  the  minimum, 
not  only  In  our  case,  but  In  the  others 
reported. 

The  amount  of  lime  in  the  bones  makes  it 
understandable,  that  from  the  moment 
of  the  entrance  of  the  usual  rachitic- 
osteomalacic  process  nothing  more  need 
be  said,  because  to  this  malady  deli- 
nitely  belongs  the  reduced  capability  of 
the  organism  to  utilize  the  lime  salts  for 
the  destruction  and  reconstruction  of  the 
bones. 

Whether  the  cause  of  the  deficient 
storehouse  of  lime  is  due  to  a  reduced 
lime  retention  or  whether  It  has  arisen 
through  a  re\erse  process  and  the  under- 
lying process  has  been  re\  ived,  cannot  be 
determined  from  my  own  researches  alone. 

We  have  proved  In  our  case  the  great 
increase    of    lime    content,    \et    we    were 
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not  able  to  show  conclusively  the  signs 
of  poverty  of  the  bones  in  lime  salts, 
as  we  had  been  able  already  to  show 
concerning  the  conditions  of  the  epiphysial 
lines:  for  example,  the  abnormally  broad 
border  of  the  osteoids. 

It  becomes,  on  the  contrary,  perfectly 
understandable  that  in  the  presence  of 
such  an  increased  supply  of  lime,  the 
rarely  seen  osteoids  must  everywhere 
be  subject  to  a  rapid  calcification. 

So  it  seems  that  the  real  thickening 
process  involving  the  bones  in  our  re- 
searches is  to  be  explained  by  the  destruc- 
tion of  the  normal  bone  by  slow  and 
extended  new  bone  as  a  result  of  the 
increased  lime  xalue  in  the  blood.  Only 
this  could  make  possible  in  the  course  of 
time  the  slow  eburnation  of  the  bones  to 
such  a  degree. 

Also,  the  marked  deposits  of  chalk 
that  have  been  shown  to  form  in  the  med- 
ullary canal  can  be  undoubtedly  explained 
by  the  abnormal  lime  content  of  the  blood. 
They  indicate,  especially  in  the  deficient 
storing  up  of  lime  in  the  other  parts  of 
the  body,  as  shown  in  the  other  cases, 
how  greatly  the  bony  system  can  be 
changed  because  of  physiological  dis- 
turbance of  lime  ingredients  in  other 
organs. 

It  can  be  understood  also  that  the  well- 
known  lines  of  calcification  found  in  a 
rachitic  process,  lines  that  were  described 
by  Albers-Schonberg,  Sick,  and,  in  more 
detail,  by  Laurell  and  Wallgren,  have 
been  seen  to  be  as  characteristic  for  the 
bone  changes  in  our  case,  and  hence 
would,  under  such  circumstances,  bear 
more  weight. 

It  is  very  apparent  that  with  such  an 
insignificant  amount  ol  lime  as  enters 
into  this  question,  a  duration  of  the  in- 
creased lime  content  of  the  blood  for  only 
a  year  would  account  for  the  remarkable 
changes. 

This  circumstance  also  explains  why, 
in  our  case,  the  young  zones  of  the  bones 
had  not  acquired  as  yet  such  richness 
of  lime  as  the  older  zones — the  diaphysis 
and  the  older  portions  of  the  pelvic 
bones,  for  example. 

The  duration  of  the  process  alone  can 
be    explained    in    the    manner    indicated 


especially  by  Laurell  and  \\allgren,  in 
whose  case  the  bones  had  not  reached 
such  full  lime  density  as  in  the  case 
presented  by  Albers-Schonberg. 

One  could  try  in  this  manner  to  explain 
the  picture  of  this  malady  of  marble 
bones  as  an  exaggerated  healing  process 
of  a  rachitic-osteomalacic  bone  change. 
Such  a  conception  could  be  justified 
when,  with  the  appearance  of  the  increased 
retention  content  of  all  the  organism 
it  would  have  to  do  with  a  return  to  normal 
composition  in  the  process  of  destruction 
and  reconstruction  of  bone.  To  complete 
a  judgment  of  such  a  question  the  micro- 
scopical findings  are  especially  valuable 
in  our  case.  They  show  definitely  that 
such  a  reversion  process  has  not  taken 
place. 

When  the  primary  softening  of  the 
bones  productive  of  the  deformities  has 
been  brought  to  a  standstill  because  of 
the  unusually  rich  lime  supply,  then  this 
disturbance  disappears  also,  which  can  be 
considered  as  the  outburst  of  the  oldest 
disease  process;  that  is,  the  extremely 
inert  action  of  the  osteoblasts  whose 
deficient  performance,  as  above  described, 
is  especially  seen  in  the  metaphysis  of 
the  round  bones  and  the  ribs  and  in  the 
newer  part  of  the  peKis,  as  seen  in  our 
case. 

If  we  follow  the  conception  of  the  other 
authors,  who  believe  the  nature  of  the 
osteomalacic  process  to  be  of  such  a  quanti- 
tative and  qualitative  disturbance  of  the 
activities  of  the  osteoblasts  with  a  normal 
precedent  activity  of  the  osteoclasts, 
it  would  appear  that  in  this  action  the 
inactivit}'  of  the  osteoblasts  serves  very 
well  as  the  last  existing  sign  of  the  basal 
lesion,  just  as  the  rich  lime  salts  content 
of  the  blood  had  equalized  the  qualita- 
tive disturbance  of  the  body. 

In  the  continuance  of  the  Inacthe 
new  bone  picture  we  might,  in  every 
case,  see  a  hint  in  the  progressively 
completed  structural  changes  seen  in 
the  bones — not  as  a  healing  of  the  original 
rachitic-osteomalacic  process,  which  idea 
is  not  accepted  by  us.  Our  opinion  reaches 
further — that  the  primitive  bone  malady 
Is  overlaid  through  the  appearance  of  a 
severe    growth    disturbance    of   the    lime 
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elements,  which,  in  Its  path,  has  obliter- 
ated many  definite  signs  of  the  basal 
lesion,  and  in  other  places  has  allowed 
them  to  remain. 

So  there  are  in  places  through  the 
roentgenograms  definitely  discernible  soft- 
ened areas  and  curvatures  due  to  the  defi- 
ciency of  lime  salts,  or  because  of  this 
impoverishment  of  the  lime  content  an 
actual  lifeless  stiffness  of  the  bones  has 
occurred.  This  underlying  and  basal  modi- 
fication of  the  structure  of  the  bones 
gives  us  the  explanation  of  the  commonly 
observed  fractures  that  occur  in  the  pres- 
ence of  such  changes  in  the  bones. 

Because  of  the  arrest  of  the  normal 
architecture  of  the  bone  and  the  gradual 
storing  up  of  a  large  amount  of  calcium 
salts  in  the  inner  portion  of  the  weak  and 
deficient  spongiosa  surrounding  the  med- 
ullary canal,  the  bone  has  lost  its 
normal  strength;  it  becomes,  paradoxical 
as  it  sounds,  fragile,  because  in  places  the 
living  tissue  has  been  changed  into  a  mass 
of  lifeless  inorganic  substance.  This  process 
speaks  also  for  our  earlier  conception. 

Strange  it  is  that  it  had  not  come, 
or  rather  not  yet  come  to  the  stage  of 
fractures  in  our  case.  Whether  especially 
favorable  external  circumstances  impeded 
the  process,  or  whether  the  circumstances 
can  be  considered  at  all  as  responsible, 
the  question  as  to  whether  we  have  to 
do  in  our  patient  with  an  unde\"eloped 
process  must  remain  unsettled. 

In  the  line  of  the  investigation  which 
endeavors  to  explain  this  skeletal  disease, 
our  case  up  to  the  present  is  the  only 
one  in  which  calcification  of  the  soft 
parts  in  the  neighborhood  of  the  skeletal 
changes  have  been  definitely  demonstrated 
because  of  the  death  of  the  boy. 

We  will  venture  that  the  distinction 
is  entirely  the  outcome  of  a  high  grade 
increase  in  the  blood  composition. 

Perhaps,  however,  the  age  of  life  and 
the  beginning  of  the  affliction  play  a 
role.  In  our  case,  the  malady  had  first 
set  in  in  the  so-called  "second-evolution 
period"  of  the  bone  growth;  while  we 
must  consider  the  origin  of  the  other 
cases  as  In  the  "first  evolution  period," 
for  which  possibly  a  relatively  higher 
absorpti\c    abilit\'    of   the    bones    in    lime 


salts  is  accountable,  as  seen  in  the  later 
periods  of  growth. 

Laurell  and  Wallgren  have  sought  in 
their  case  to  determine  the  nature  of  the 
disturbance  of  the  lime  ingredients  from 
the  analysis  of  the  mineral  elements. 
This  they  have  not  been  able  to  prove 
from  their  supposed  increase  of  lime 
composition.  Indeed  the  balance  of  the  lime 
elements  remains  always  positive,  al- 
though the  retained  lime  ^■alues  were 
remarkably  low. 

The  acceptance  of  a  forced  feeding 
of  lime  Into  the  tissues  cannot  be  upheld 
from  their  case. 

From  our  observation,  such  an  ex- 
planation cannot  be  considered.  The  ex- 
ternal environment  under  which  the 
patient  lived  makes  the  acceptance  of  the 
idea  more  improbable,  especially  as  the 
Illness  appeared  during  the  war  period, 
under  which  the  conditions  of  nutrition 
for  our  city  youth  were  known  to  cause 
early  skeletal  changes  produced  by  a 
deficient  lime  content  in  the  food. 

It  Is  much  more  reasonable  to  assume 
that  the  quantities  of  lime  received  by 
the  body  are  too  high  for  the  demands. 

We  have  been  able  to  show,  as  the  espe- 
cially prominent  feature,  a  remarkable 
inactivity  of  the  new  bone  process  In 
our  case,  under  w^hose  influence  propor- 
tionally extended  sections  of  the  skeletal 
system  have  shown  the  stamp  of  poor 
development. 

We  have  no  doubt  that  this  inert 
new  bone  picture  is  responsible  for  the 
accomplishment  (^f  the  Increased  lime 
content  of  the  blood,  and  that  it  acts 
as  the  starting  point  of  the  disturbance 
of  the  lime  ingredients. 

Recently  Pick^  has  discussed  the  ques- 
tion of  the  meaning  of  the  macroscopic 
bone  changes  which  are  not  always  ex- 
plainable and  which  result  in  the  storing 
up  of  lime  In  the  organs  just  as  we  have 
demonstrated  In  the  bone  changes  In  our 
case,  and  as  they  appear  In  classic  bone 
metastases.  Pick  supported  e\erythlng 
on  the  conception  deduced  from  the  study 
of  osteitis  fibrosa,  especially  of  the  bone 
structure. 

But  as  to  how  this  brings  about  through 
the    progressive    exhaustion    of    the    bone 


Report  of  a  Case  of  So-called   "Marble  Bones" 


297 


substance  an  enrichment  ot  the  blood 
with  lime  salts,  we  have  this  to  suggest; 
that  there,  in  an  analogous  manner,  a 
progressively  increased  lime  content  of 
the  blood  must  be  produced,  because, 
following  the  low  grade  of  activity  of 
the  osteoblasts,  too  small  a  number  of 
osteoids  will  appear,  so  that  the  nourish- 
ment which  carries  the  lime  will  be  in- 
completely utilized;  or,  in  other  words, 
there  appears  here  a  surplus  because  the 
levy  is  greater  than  the  actual  need  for 
the  new  bone  construction.  Here  our 
observation  has  a  broader  significance, 
because  it  directs  attention  to  a  close 
observation  concerning  the  disturbance 
of  the  lime  salts  necessary  to  growth. 
It  is  difficult  to  explain  how  a  progressive 
definite  enrichening  of  the  blood  with 
lime  salts  can  occur  without  an  extensive 
disturbance  of  the  lime  elements,  e.g., 
a  disturbance  of  the  elimination  of  lime. 
Such  an  enrichment  of  the  supply  of  the 
lime  salts  can  only  be  understood  when, 
as  in  our  case,  we  find  double  the  normal 
lime  value  of  the  blood. 

We  now  consider  the  most  difiicult 
question  of  the  whole  subject  of  lime 
ingredients  in  the  blood  and  urine.  For 
some  time  Virchow  had  held  the  kidneys 
and  their  eventual  inflammatory  changes 
as  the  explanation  of  the  problem,  because 
in  the  predominating  majority  of  remote 
calcification  changes  extending  throughout 
the  body,  more  or  less  severe  kidney 
changes  were  found. 

According  to  Virchow's*  conception  the 
normal  excretion  of  lime  through  the 
inflamed  kidneys  is  hindered,  and  so  an 
overloading  of  the  blood  with  lime  salts 
occurs. 

This  idea  of  the  kidneys  associated 
with  the  inflammatory  process  in  them 
has  recently  been  disputed,  because  re- 
searches, while  isolated,  yet  apparently 
substantiated,  have  given  evidence  that 
the  same  severe  disturbance  of  lime 
ingredients  has  also  been  possible  with 
healthy  kidneys. 

It  is  especially  important  to  remember 
that  the  chief  points  of  excretion  for  the 
lime  are  the  salivary  glands,  the  gall- 
bladder, the  bronchial  mucous  membrane, 
and  the  mucous  membrane  of  the  colon; 


and  that,  compared  to  them,  the  elimi- 
nation of  lime  through  the  kidneys  is 
small.  According  to  this,  the  cases  of 
nephritis  studied  that  have  shown  so- 
called  lime  metastases,  or  even  those 
claimed  by  Virchow,  could  be  included 
in  this  conception.  Their  influence  is 
felt  only  in  a  reduction  of  the  propor- 
tional solubilitj'  of  the  lime  salts  in  the 
circulating    blood    (M.     B.    Schmidt"). 

So  worthy  and  valuable  an  argument 
as  the  last  is  itself  safe  as  an  explanation 
for  the  deposits  of  lime  salts,  but  does  not 
explain  the  real  increase  in  lime  content 
in  the  blood. 

So  there  prevails  even  now  a  real 
uncertainty  in  regard  to  the  unusually 
difficult  question,  which  on  ly  ultimately  will 
be  removed  when  we  have  established  the 
lime  content  of  the  blood  in  all  such 
cases,  perhaps  after  research  into  the 
catastases,"'  ultimately  searching  for  places 
in  the  organisms  which  act  as  storage 
points  for  lime,  places  as  yet  undetermined 
but  normal  in  their  action. 

The  clinical  investigation  alone  of  pa- 
tients who  suffer  from  the  severe  destruc- 
tive processes  of  the  skeleton,  e.g., 
osteomyelitis,  will  show  how  significant 
the  removal  of  lime  salts  by-  the  kidneys 
is,  in  spite  of  the  other  means  of  elimination. 

If  we  follow  the'  urinary  secretion  of 
the  same  type  of  patients,  especially 
in  cases  of  marked  sequestrum  produc- 
tion, we  ma\'  be  surprised  to  find  now 
and  then  definite  increase  in  the  excre- 
tion of  calcium  salts  by  the  urine;  the 
usual  very  marked  chalky  sediment  com- 
posed of  lime  salts  that  is  found  in  urine 
after  standing. 

Virchow  had  already  observed  this 
chalky  sediment  in  the  urine  in  connection 
with  destructive  processes  of  the  bones. 
V.  Recklinghausen^'  placed  it  under  the 
clinical  findings  of  metaplastic  malacia 
(osteogenesis  imperfecta),  a  markedly 
characteristic  observation  in  the  increas- 
ing destruction  of  bone. 

In  our  own  cases  of  osteomyelitis  this 
symptom  has  been  common  in  this  con- 
nection, and  the  lime  value  has  not  been 
inconsiderable,  which  was  eliminated  in 
association,  for  the  most  part,  with  an 
increased'  amount  of  strikingly  clear  urine. 
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and  so  acted  as  a  regulator  to  prevent 
an  excessive  enrichment  of  the  blood 
with  lime  salts. 

Certainly  these  amounts  held  in  reten- 
tion are  small  as  compared  to  the  amounts 
eliminated.  At  the  same  time,  if  the 
disturbance  were  of  the  secretory  ap- 
paratus of  the  kidney,  as  we  have  in 
a  case  of  nephritis,  it  would  be  more 
noticeable  in  the  elimination  of  the  calcium 
through  the  urine.  There  is  no  complete 
suppression  of  the  calcium  salts  elimi- 
nation through  the  kidneys. 

Because  of  the  proportionally  small 
lime  value  always  present,  which,  under 
such  circumstances,  produces  a  slightly 
increased  retention  in  the  body,  there 
will  always  be  an  increased  calcium 
richness  throughout  the  bones,  and,  it 
there  be  a  kidney  disturbance,  there 
will  be  a  remarkable  increase  of  the  lime 
content  of  the  blood. 

It  is  impressive  in  this  connection  that 
in  the  great  amount  of  osteomyelitic 
material  seen  in  our  great  clinic,  only 
a  single  time  has  there  appeared  a  case 
of  definite  storing  up  of  lime  in  the  organ- 
ism, perhaps  in  the  sense  of  a  lime  metas- 
tasis (autopsy  could  not  be  obtained). 
The  conditions  were  determined  by  roent- 
gen findings,  and  in  the  course  of  the 
disease  a  severe  nephritis  appeared. 

As  careful  and  definite  determination 
of  the  lime  content  of  the  blood  convinced 
us,  there  comes,  even  with  clinically 
intact  kidneys,  in  some  of  the  various 
surgical  diseases,  a  considerable  elevation  of 
fime  content.  The  diseases  included  were 
phlegmon  and  circumscribed  abscesses 
of  long  standing. 

The  hypercalcification  disappears  with 
the  disappearance  of  the  infection,  re- 
turning to  the  normal  in  the  course  of 
the  disease  if  the  case  be  not  of  too  long 
standing,  with  no  signs  of  the  calcification 
remaining. 

For  us  there  is  valuable  evidence  in 
the  case,  in  that  under  such  circumstances, 
chiefiy  with  clinically  intact  kidneys, 
a  reduction  of  the  lime  elimination  and 
an  increase  in  the  lime  content  of  the 
blood  occur. 

In  connection  with  the  increased  blood 
calcium  we  must  consider  the  o\eracti\e 


process  in  the  organism,  which  leads  to 
such  an  accumulation,  as  resting  upon 
a  biological  basis  because  of  the  limitation 
of  the  lime  output. 

It  is  important,  in  this  connection, 
to  be  able  to  make  a  definite  organ 
responsible.  One  would  very  advisedly 
mention  a  definite  resemblance  with  such 
a  process  as  we  find  in  hyperglycemia. 
It  would  seem  more  reasonable  since  we 
have  learned  to  think  of  the  malady 
under  observation  as  due  to  a  property 
of  the  secreting  epithelium  of  the  kidney 
and  to  think  of  such  a  tendency  in  the 
increased  calcium  output  through  the 
kidneys,  and  analagously  as  with  sugar 
a  sort  of  inflamed  kidney  due  to  the 
presence  of  lime. 

The  periodic  character  of  most  cases 
of  appearance  of  excessive  amounts  of 
calcium  salts  in  the  urine  appears  to  point 
to  the  existence  of  such  states  as  have 
been  referred  to   by  others,  e.g..  Umber. 

It  was  unusual  for  us  to  find  in  any 
case  a  content  of  lime  equal  to  that 
found  in  the  urine  of  a  boy  wdth  periodi- 
cally increased  calcium  output,  who,  in 
the  interval,  had  a  normal  blood  lime 
content  and  a  lime  content  of  the  urine 
far  below  the  normal.  The  boy  developed 
multiple  subcutaneous  collections  of  lime, 
which,  in  their  growth,  in  every  case, 
showed  definite,  visible  and  periodic  fluc- 
tuations in  size. 

We  believe  this  can  be  explained  as 
the  unquestioned  result  of  the  disturbance 
of  lime  elimination  through  the  kidneys, 
perhaps  dependent  upon  the  same  kind 
of  a  thickening  of  the  kidneys  as  seen 
in  the  periodic  changed  elimination  of 
the  calcium  by  the  kidneys  with  an 
incomplete    adjustment    of    the    balance. 

If  one  keeps  in  mind  the  dependence  of 
the  lime  ingredients  on  the  influence 
of  the  thyroid  and  the  parathyroids, 
the  natural  thought  is  that  the  final 
organ  of  the  action  appears  in  every 
case  to  be  the  kidneys. 

The  presentation  by  Laurell  and  \\'all- 
gren  gave  prominence,  at  least,  to  the 
increased  blood-lime  content  to  which 
we  ha\"e  detinitclx  called  attention  in 
the  earlier  part  of  this  article;  likewise 
a    remarkable   thickening  of  the   kidneys 
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in  the  case  of  the  observation  of  a  rather 
considerable  increase  in  the  amount  of 
blood-sugar.  Perhaps  this  observation 
points  directly  to  a  defm  te  parallelism 
between  blood-lime  increase  and  blood- 
sugar  increase,  as  we  find  an  increase 
of  lime  elements  is  associated  with 
diabetes. 

So  there  appears  to  us  a  group  of  phe- 
nomena in  the  conception  of  an  inhibition 
or  disturbance  of  the  lime  elements, 
which  we  have  collected,  pointing  to  the 
kidney  for  Its  origin  (clinical  changes 
being  even  absent).  Because  of  our  knowl- 
edge obtained  by  the  study  of  the  for- 
mation of  the  sugar  elements,  we  were 
able  to  show,  to  all  appearances,  the 
cause  of  such  inhibition  or  disturbance 
to  lie  in  the  contents  of  the  secreting 
cells  of  the  kidney  epithelium,  sufficient 
to  impress  us  much  more  than  all  the 
unknown  causes. 

In  this  conception  we  were  supported 
by  the  idea  suggested  by  M.  B.  Schmidt 
in  his  description  of  the  malady,  kalk- 
gicht  (gouty  lime  deposits). 

Under  these  circumstances,  the  state 
of  the  kidneys  in  our  case  emphasized 
our  other  observations  all  the  more,  as 
we  had  established  clinically  a  chronic 
nephritis  and  shown  primarily,  in  addition 
to  that,  that  this  (perhaps  as  the  result 
of  the  long-continued  scarlet  fever)  was 
the  cause  of  the  overloading  of  the  blood 
with  lime,  as  in  the  older  idea  of 
Virchow. 

As  now,  however,  the  in\'estigation 
of  the  kidneys  progressed,  the  question 
arose  whether  it  was  a  hyalin  degeneration 
of  the  glomerular  loops  following  the 
calcification  and  an  obliterating  endar- 
teritis, or  whether  it  was  a  process  which 
began  at  first  as  a  result  of  overloading 
the  blood  with  lime,  and  which  was 
indicated  by  a  general  blood-vessel  cal- 
cification. 

Again,  as  a  primary  causal  factor  for 
the  increase  of  the  lime  content  of  the 
blood,  the  question  arose:  could  the  kid- 
neys become  more  responsible  under  these 
circumstances  of  actual  change? 

So  we  were  compelled,  as  the  final 
explanation  for  the  result  of  the  increased 
lime    content    in    the    blood    seen    in    the 


description  of  the  malady  here,  to  suggest 
the  disturbance  of  the  power  of  the 
secreting  kidney  epithelium  as  a  cause 
of  the  previously  mentioned  inhibition 
ot  a  reactivated  process,  according  to 
the  idea  of  Arndt-Schultz  that  there 
is  a  possible  primary  underlying  stimulant 
to  the  lime  elimination. 

Consequently,  when  we  grant  that  in 
our  case  no  primary  causative  reason 
of  the  nephritis  could  be  found,  there 
yet  remains  another  doubt  in  our  mind, 
whether  it  has  influenced  the  whole 
picture  during  the  time  of  its  presence 
through  a  wide  destruction  of  the  ability 
to  eliminate  lime  salts  and  through  the 
destruction  of  the  condition  of  solubility 
of    the    lime    salts    In    the    blood    serum. 

It  might  be  mentioned  at  this  point, 
that  the  statement  of  the  parents  of  our 
boy  that  he  had  shown  In  the  course  of 
the  disease  a  periodic  high  calcium  elimi- 
nation by  the  urine,  might  be  a  proof 
that  this  symptom,  contrary  to  many 
other  views  that  have  appeared,  had 
yet  rather  an  important  diagnostic  sig- 
nificance. 

The  dependence  of  the  lime  Ingredients 
on  the  various  endocrine  glands  has  been 
demonstrated  experimentally  as  wxll  as 
shown  clinically  In  the  isolated  cases; 
namely,  the  thyroid;  parathyroids,  and 
possibly,  also,  the  thymus  gland.  It 
seemed  likely  that  such  an  associated 
dependence  could  surely  be  proven  in 
our  case,  more  especially  as  Laurell  and 
Wallgren  believed  they  had  been  able 
to  prove  that  an  aplasia  of  the  thyroid 
and  a  hypoplasia  of  the  hypophysis  had 
belonged  to  the  completed  picture  of  the 
disease. 

We  found  all  the  endocrine  glands 
unchanged  in  size  and  structure,  the 
thyroid  and  parathyroids,  of  which  there 
were  three  definitely  demonstrated,  show- 
ing no  change  that  could  be  made  to 
indicate  either  hypo-  or  hyper-function 
of  the  gland. 

A  very  marked  calcification  showed 
everywhere  In  the  various  arteries  of  the 
parathyroids.  Whether  we  are  justified 
because  of  this  change  to  consider  the 
results  due  to  the  changes  of  the  secretory 
abllitv,  we  must    be  allowed  to  consider. 
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At  no  time  was  It  considered  that  this 
might  be  a  cause  for  the  disturbance  of 
the  Hme    elements. 

That  also  the  hypophysis  seemed  to 
be  of  normal  size,  although  it  was  con- 
tained within  a  narrowed  boundary,  we 
have  shown  in  the  Information  obtained 
from  the  autopsy.  That  it  also  showed 
mIcroscopIcall\  a  normal  appearance,  is 
in  accord  with  the  idea  of  Laurell  and 
Wallgren,  and  apparently  with  Sick  and 
with  Lorey. 

Personally,  I  am  impressed  with  the 
fact  that  the  youngest  case  reported, 
that  by  Lorey,  was  but  three  weeks  old, 
and  the  oldest  case  when  discovered 
(my  own)  a  woman,  forty-three  years, 
and  both  showed  almost  identically  the 
same  fmdings.  Now  the  question  arises: 
is  the  patient  born  with  the  highly  cal- 
cified lime  condition?  In  other  words, 
is  the  process  antenatal  in  origin,  or 
can  it  develop  In  late  life?  All  but  2  ot 
the  8  cases  have  been  In  children,  and 
in  my  own  case  there  was  no  marked 
clubbing  of  the  bones,  as  would  be  expected 
if  the  process  were  the  rachitic  type 
developing  In  childhood.  One  may  answer 
this,  In  a  way,  by  saying  that  rickets 
and  osteomalacia  are  essentially  the  same 
pathological  process  in  the  result  of  rari- 
ficatlon  of  the  bone,  but  one  occurring 
in  growing  bones  leads  to  more  deformities, 
the  overlying  process  leading  to  similar 
appearances  of  the  bones  when  the  high 
degree  of  calcification  occurs.  One  can 
hardly  imagine  such  bones  as  appear  In 
my  patient  as  having  grown  from  infancy 
in  such  a  disorganized  state  of  the  bone- 
forming  cells.  The  whole  theory  of  bone 
growth  Is  upset  by  it. 

The  marked  callous  formation  In  the 
cases  of  the  children,  and  the  absence 
of  such  in  the  case  presented  may 
be  accounted  for  by  the  age  of  the 
patients. 

Another  disturbing  question  is:  why 
do  not  more  cases  occur,  if  the  kidney 
function  be  the  main  cause  of  the  lime 
retention?  Personally,  I  do  not  feel  that 
the  etiology  of  the  disease  has  been 
determined;  and  only  as  cases  multiply, 
and  autopsy  records  show  the  bone  find- 
ings, can  any  progress  be  made. 
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ERRORS  IN  INTERPRETATIONS  OF  LESIONS  OE 

THE  SINUSES* 


BY   F.   M.    LAW,   M.D. 


NEW    YORK    CITY 


I  WOULD  like  to  mention  two  or  three  involvement;    he   sends    it    to   your   -V-ray 

points   which   make   for   errors    in   the  laboratory;    the    plate    shows    a    perfectly 

interpretation  of  sinus  plates.  transparent   sinus  and   you   make  such   a 

That     the     interpretation     of    a     plate  report.    Patient   goes   back;   there    is   still 

consists  in  basing  diagnosis  on  the  appear-  pus;  surgeon  opens  the  antrum  and  finds 

ance  of  the  degree  of  opacity  of  the  sinuses  pus.   The   reason   for  this   is   that   in   the 

is  well  and  good,  but  there  are  conditions  interval  between  the  examination  of  that 

which  are  indicated  by  other  appearances  patient  and  his  presence  in  your  office  he 

than  opacity  of  the  sinuses.  These  condi-  blows  his  nose,  completely  draining  both 

tions  are  in  that  large  class  of  cases  which  the  ethmoids   and   the  antra.   When   you 

are  indefinite,  with  indefinite  symptoms:  get  the  case  you   have  a   perfectly  clear 

just  the  type  of  case  the  surgeon  is  partic-  sinus;  there  is  no  pus  there.  In  the  mean- 

ularly  interested  in,  and  which  he  hopes  will  time    pus    accumulates,    and    when    the 

derive  the  most  benefit  from  a   roentgen  surgeon  sees  the  patient  again  he  finds  it, 

examination.     Now     the     most     frequent  and  yourreportiswrong;butyourdiagnosis 

error,  of  course,  is  to  report  a  case  as  a  from  a  differential  point  of  \"iew  is  made 


positive  sinus  and  have  the  surgeon 
declare  it  absolutely  wrong.  This  is  a 
very  common  occurrence  in  my  w^ork,  and, 
I   presume,   in  that  of  others.    I   make  a 


more  valuable.  Surgeons  ha\e  asked  me 
if  I  could  tell  the  difference  between  granu- 
lations and  pus.  I  cannot,  on  the  plate, 
but  this  case  shows  that  difference.  The 


report    of   a    negative    sinus,    particularly  fact  that  there  was  pus  there  and  he  found 

in  the  case  of  the  antrum;  the  next  day  pus,  and  your  plate  showed- a  clear  antrum 

the  surgeon  calls  up  and  tells  me  what  he  or   a    clear   ethmoid   shows   that  there   is 

thinks  of  me.  He  opened  the  antrum  and  nothing  present  but  pus — no  granulations 

found   it  full  of  pus.   The  plates  showed  or  polyp. 

perfectly  transparent  shadows  where  the  Now    take    the    other    case:  A   patient 

antrum  should  be  and  yet  he  did  get  a  comes  in  and  you  make  examination  and 

quantity  of  pus  out  of  the  sinus.  What  is  find     a     positive    antrum.     The     surgeon 


the  trouble?  Ordinarily  we  think  the  .v- 
ray  should  not  lie.  However,  there  is  a 
very  definite  reason,  and  when  we  consider 
that  reason,  it  helps  out  materially  in  a 
complete  diagnosis. 

A  patient  goes   into  a   surgeon's  office 


operates,  punctures  the  antrum,  possibly, 
and  finds  nothing.  Your  plate  again  is 
wrong.  You  make  a  second  examination 
and  still  find  an  opaque  antrum.  He  finds 
nothing  on  puncturing,  but  if  he  should  do 
a  radical  on  that  antrum  he  would  find 


with  symptoms  of  sinus  involvement.  The  it   full   of  granulations.   So  there  is  your 

surgeon  naturally  puts  adrenalin  or  cocain  differential     diagnosis.     Make     two     ex- 

in  the  nose,  which  shrinks  up  the  mem-  aminations    if    necessary.    If    you   get   an 

brane;  he  possibly  finds  pus  coming  down  opaque  antrum  and  it  is  punctured  and 

underneath    the    turbinate    bone.    He    is  found   clear,    and   you   make   another  ex- 

fairly    confident    that    there    is    a    sinus  amination  and  still  find  an  opaque  antrum, 

*  Read  at  the  Twenty-third  Annual  Meeting  of  The  .American  Roentgen  Ray  Society.  Los  Angeles.  Calif.,  Sept.  i;-i6.  1922. 
Discussion  on  this  paper  and  others  in  the  sa  me  symposium  will  appear  in  a  later  number  of  the  Journal. 


302 


Errors  in  Interpretations  of  Lesions  of  the  Sinuses 


you  can  rest  absolutely  assured  that  the 
antrum  is  full  of  polypoid  tissue. 

So  although  you  have  made  an  error 
in  your  report,  a  consultation  with  the 
surgeon  will  clear  up  the  case  and  make  for 
a  differential  diagnosis,  which  helps  both 
the  surgeon  and  the  patient.  You  are 
right  in  your  report,  but  your  report  did 
not  go  far  enough. 

There  is  another  case:  ^  ou  may  report 
a  positive  opaque  antrum.  The  operation, 
much  to  your  surprise,  may  prove  that 
there  is  no  antrum  there.  We  have  often 
considered,  of  course,  the  absence  of  a 
frontal  sinus,  but  how  many  consider 
that  there  possibly  may  be  absence  of 
an  antrum?  It  occurs,  and  fairly  frequently, 
and  your  plate  in  that  case  will  show 
opacity  where  the  antrum  should  be,  but 
with  properly  made  lateral  plates  the 
outline  of  that  antrum  will  not  show.  If  it 
is  very  faint,  it  may  be  the  antrum  on  the 
opposite  side.  Considering  the  possibility 
of  such  a  case,  it  is  wise  to  make  a  second 
examination,  possibly  in  the  oblique  posi- 
tion, so  as  to  separate  the  two  sides  of  the 
face,  and  dilTcrentiatc  between  the  right 
and  the  left  antrum. 

There  is  still  another  condition  which 
will  show  a  positive  antrum  and,  on 
operation,  no  pus,  but  no  relief  of  symp- 
toms. If  you  examine  that  case  very  care- 
fully in  the  lateral  projection,  you  may 
find  a  double  antrum.  This  is  another 
anatomical  peculiarity  which  does  occur. 
Your  plate  will  show  an  opaque  antrum 
and  the  operation  will  give  no  results 
because  the  puncture  made  in  the  ordinary 
place  and  position  for  a  puncture  has 
gotten  into  the  anterior  half,  which  is 
clear,  leaving  pus  in  the  posterior  half, 
which  is  purulent.  Notice  your  lateral 
plates  and  you  will  find  on  the  floor  of  the 
antrum  a  projection  upwards,  showing 
that  there  is  a  tendency  frequently  for  a 
septum  to  form  that  does  complete  itself, 
and  you  have  a  complete  anterior  and 
posterior  half  to  an  antrum.  This  is  not 
common,  but  the  possibility  is  there;  and 
in  these  cases  where  your  report  is  wrong, 
apparently,  and  you  are  trying  to  find  the 
reason  for  it,  consider  that  possibility. 

The   same   condition   can   occur   in   the 
frontal  sinus.  There  can  be  a  double  sinus 


with  an  anterior  and  posterior  half,  posi- 
tive or  negative  as  the  case  may  be. 

Now  we  have  a  type  of  case  in  which 
there  is  evidence  of  sinus  involvement, 
particularly  the  frontal.  The  plate  shows  a 
perfectly  clear  sinus.  Still  that  does  not 
help  the  surgeon.  He  has  an  obstreperous 
case  of  headache. 

I  feel  that  we  have  always  looked  for 
gross  lesions,  for  a  definite  shadow  on  the 
plate.  I  think  we  can  find  a  great  deal 
more  information  in  these  indefinite  cases 
from  considering  the  outline  of  the  bony 
structures — the  quality  of  the  bone  enter- 
ing into  the  formation  of  the  septa.  Every 
once  m  a  while  you  find  evidence  of  a 
chronic  inflammatory  change,  and  that 
chronic  change  is  what  causes  those 
symptoms  which  are  difficult  for  the 
surgeon  to  account  for.  For  instance,  in 
the  lateral  plate  the  position  and  size  of 
the  ethmoid  capsule — I  wonder  how  many 
have  examined  the  ethmoid  capsule  in  the 
lateral  plate.  It  is  really  important.  If  it  is 
situated  far  forward  and  consists  of  large 
cells,  there  is  the  chance  that  an  inflam- 
matory condition  of  the  ethmoids  may 
close  the  infundibulum  entering  into  the 
frontal  more  readily  than  where  the  eth- 
moid capsule  is  small  and  situated  well 
back. 

Supplement  your  negative  report  of 
sinus  trouble  in  these  indefinite  cases;  it 
may  help  the  surgeon  in  his  decision  as  to 
whether  it  would  be  wise  to  remove  the 
anterior  tip,  perhaps,  of  a  turbinate  bone. 
There  is  a  possibility  that  the  anatomical 
structure  there  is  such  as  to  favor  de\elop- 
ment  of  this  intermittent  type  of  sinusitis; 
those  cases  which  have  sinus  symptoms 
one  or  two  days  and  then  subside;  the  kind 
that  are  really  difiicult  to  do  anything  with. 
Any  help,  even  the  slightest,  which  you 
can  give  the  surgeon  may  be  the  turning 
point,  and  the  anatomical  configuration  in 
the  anterosuperior  ethmoid  region  may 
be  that  turning  point. 

One  other  type  nia\  be  mentioned: 
that  chronic  type  which  is  shown  very 
definitely  by  wasting  of  the  ethmoid 
septa,  particularly  in  the  posterior  ethmoid 
region;  a  chronic,  hypertrophic  type  of 
sinusitis  which  is  indicated  by  some  absorp- 
tion of  the  ethmoid  septa;  cases  in  which 
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the  history  does  not  show  them  to  be 
chronic.  The  disadvantage  is  that  the 
patient  has  become  accustomed  to  it  and 
nas  innocently  led  the  surgeon  to  believe 
it  is  not  of  long  standing  but  something 
of  only  a  few  months'  duration.  Notice 
the  condition  of  the  ethmoidal  septa  and 
base  your  diagnosis  on  that  appearance 
rather  than  on  the  transparency  or  opacity 
of  the  cavities  themselves.  If  the  septa  are 
thinned  out,  absorbed  or  thickened  from 
an  osteitis,  it  must  be  a  chronic  condition 
and  it  is  for  vou  in  consultation  with  the 
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surgeon  to  determine  the  type  of  chronic 
condition.  There  are  reasons  for  the 
difference  between  your  report  of  the 
case  and  the  subsequent  operative  findings. 
I  feel  that  if  we  pay  more  attention  to  the 
bony  configuration,  the  character  of  the 
bony  walls,  the  septa,  and  the  walls  of 
the  sinuses,  learning  to  know  what  is 
normal  and  what  is  pathological  so  far  as 
that  bony  structure  is  concerned,  we  will 
give  a  great  deal  more  help  to  the  surgeon 
than  by  simply  saying  there  is  or  is  not 
pus  present  in  those  cavities. 


STANDARDIZATION  OF  X-RAY  EXPOSURE 
IDENTIFICATION* 

BY    EDW.    S.    BLAINE,    M.D. 

Associate  Professor  of  Roentgenology,  Northwestern  University  Medical  College;  Consulting  Roentgenologist, 
Cook  County  Hospital;  Director  A'-Ray  Department,  National  Pathological  Laboratory 

CHICAGO,  ILLINOIS 


'"f  "^HE  subject  of  a  standard  identification 
-L  of  the  x-ray  exposure,  either  film  or 
plate,  does  not  appear  to  have  had  the 
attention  it  deserves  in  view  of  its  impor- 
tance in  roentgenological  work.  This 
observation  is  the  result  of  a  more  or  less 
considerable  experience  in  consultation 
x-ray  work,  exposures  on  film  and  plate 
from  various  parts  of  the  country  being 
sent  for  opinion.  These  exposures  reveal  a 
lamentable  lack  of  proper  identification 
which  calls  for  serious  attention.  Many 
roentgenologists,  however,  have  an  ade- 
quate marking  system,  and  obviously  much 
of  what  follows  will  not  appeal  to  them. 

It  is  found  too  common  a  practice  to 
make  exposures  without  any  indelible 
marking  which  will  give  unalterable  evi- 
dence of  several  important  and  vital  fac- 
tors which  enter  into  the  identification 
of  any  given  exposure  with  any  given 
individual  who  presents  himself  for  x-ray 
study.  The  careful  roentgenologist  observes 
a  technique  that  betokens  ample  care,  so 
that  mistakes  do  not  often  occur.  The  use 
of  rubber  stamps,  gummed  labels  or  other 
similar  procedures  cannot  be  regarded  as 
sufficient,  because  they  are  applied  after 
the  film  has  been  handled  by  one  or  more 
assistants  in  the  laboratory.  In  some 
instances,  certain  exposures  have  been  in- 
advertently assigned  to  the  wrong  patient. 


In  a  few  cases,  substitution  of  exposures 
has  been  done  with  intent  for  one  reason  or 
another.  This  has  been  established  in  cer- 
tain instances;  one  is  the  case  of  a  short 
stout  woman  of  forty-five  whose  gastro- 
intestinal tract  was  examined  by  someone 
claiming  to  be  a  roentgenologist,  who  gave 
her  her  plates  with  a  diagnosis  of  a  gastric 
ulcer.  She  took  these  to  her  physician, 
who  was  not  convinced  that  the  findings 
were  correct,  inasmuch  as  the  clinical 
evidence  failed  to  support  them.  He 
therefore  asked  for  an  opinion  by  another 
roentgenologist  on  the  evidence  submitted. 
At  first  glance  at  the  plates  it  is  apparent 
that  thev  are  not  those  of  the  patient  who 
presented  them.  She  is  a  stout  woman  of 
140  lbs.  Two  II  X  14  plates  show  a 
slender  narrow  waist  well  within  the  edges 
of  the  plates  which  were  placed  lengthwise 
to  the  patient.  The  shadows  are  those  of  a 
slight,  slender  woman,  of  approximately 
100  lbs.,  the  bone  shadows  indicating 
twenty  to  thirty  years  of  age.  The  lady 
took  much  offense  when  I  informed  her 
that  these  plates  belonged  to  another,  and 
she  countered  by  showing  me  the  posi- 
tion of  the  gastric  ulcer  which  the  roent- 
genologist (?)  had  indicated  to  her  with 
pen  and  ink  arrow.  :     _ 

This  is  but  one  of  several  more  or  less 
similar    instances     which    need    not    be 


•  Read  at  the  Midwinter  Meeting  of  the  American  Roentgen  Ray  Society.  Atlantic  City.  X.  J..  Tan.  26-28,  1922. 
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detailed,  in  support  of  this  presentation,  the 
purpose  of  which  is  to  encourage  the  adop- 
tion of  a  standard  identification  which  will 
prevent  such  intentional  as  well  as  unin- 
tentional assigning  of  plates  to  patients  to 
whom  they  do  not  belong. 

The  accidents  of  unintentional  substitu- 
tion cannot  be  condoned,  because  of  the 
simple  manner  in  which  such  happenings 
can  be  easily  avoided.  Some  roentgen 
workers    use    a    simple    serial    marker    of 
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Fir..  I.  The  significance  of  the  sc\eial  linos  is  detailed 
in  the  text;  the  sequence  is  optional  but  each  line  is 
of  utmost  importance. 

opaque  figures,  which  is  far  better  than 
nothing  at  all.  But  here,  too,  the  chances  of 
error  are  still  too  high. 

It  is  true  that  when  very  few,  say,  one  or 
two  cases  a  day,  are  examined,  the  chances 
of  mistakes  in  identification  of  films  are 
small,  but  if  two  cases  of  the  same  anatom- 
ical part  are  exposed  on  the  same  day,  the 
patients  being  approximately  the  same  size, 
age,  sex,  etc.,  the  chances  for  error  are 
greatly  increased.  The  writer  knows  of  an 
instance  in  which  this  occurred:  a  renal 
stone  was  diagnosed  and  operated  for  in 
one  patient,  when  it  really  was  in  the 
second  patient;  due  to  the  exposures  being 
mixed  up. 

Another  factor  in  exposure  identification 


is  that  of  determining  the  right  and  left 
side  of  the  anatomical  part  exposed. 
This  cannot  always  be  established  when  no 
identification  is  used.  Obviously  an  opaque 
"right"  or  "left"  will  indicate  this  if 
properly  placed,  but  mistakes  have  often 
been  made  in  this  procedure  when  the 
patient  lies  prone  on  the  plate.  Mistakes 
by  clerks,  assistants  and  helpers  can  be 
reduced  to  a  minimum  if  a  standard  form 
of  identification  be  made. 

The  following  requisites  are  regarded  as 
vital: 

First.  The  identification  should,  in  all 
instances,  be  exposed  on  the  plate  or  film 
with  the  part — that  is,  it  is  a  simultaneous 
exposure  of  both.  It  matters  little  where 
this  identification  be  placed  on  the  film, 
due  regard  being  given  for  the  anatomical 
shadows  lest  the  marker  interfere  with  the 
results,  but  unless  contraindicated,  it 
should  routinely  be  placed  in  the  upper 
right-hand  corner. 

Second.  The  marker  should  always  be 
placed  right  side  up,  i.e.,  faced  toward  the 
tube  target,  whether  the  plate  be  hori- 
zontal, vertical  or  in  any  other  position. 
If  no  exceptions  be  made  to  this  rule,  one 
can  determine  rights  and  lefts  without 
other  special  marking.  Thus  the  need  of 
placing  an  opaque  "R"  or  "L,"  or  the 
word  "right"  or  "left"  can  be  properly 
dispensed  with.  This  is  regarded  as  par- 
ticularly valuable  in  double-coated  film 
exposures.  Anteroposterior,  posteroanterior 
and  other  direction  of  .v-ray  passage  will 
also  be  evident  if  this  procedure  be  used  as 
a  standard.  The  "front"  or  "face"  of 
double-coated  exposures  is  automatically 
established  with  loo  per  cent  definiteness. 

Third.  The  identilication  should  give 
the  following  indelible  information,  as  illus- 
trated in  Figure  i : 

1.  Name  of  hospital  or  other  institution 
in  which  the  exposure  is  made.  If  not  a 
diagnostic  institution,  this  item  is  not 
necessary. 

2.  City  in  which  the  hospital  is  located. 
This  is  to  distinguish    one  hospital  from 
another  of  similar  name,  as,  for  instance, 
St.  Lukes  of  New  York  from  St.  Luke 
Chicago. 

3.  Name  of  doctor-roentgenologist  who 
is  in  charge  of  the  .v-ray  department,  and 
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who  is  responsibli'  For  the  .v-ray  work  and 
diagnosis. 

4.  The  date  on  whieh  the  exposure  is 
made.  This  is  of  prime  importance  when 
following  the  progress  of  a  given  case,  for 
comparisons     in    medicolegal    cases,    etc. 

5.  The  name  of  the  patient  (usually  the 
last  name  suffices).  Some  names  (par- 
ticularly foreign  ones)  are  of  such  length 
that  the  marker  would  ha\e  to  be  of  con- 
siderable length;  in  such  cases  it  can  be 
shortened  so  as  to  give  unmistakable 
letters  establishing  the  particular  patient 
exposed. 

6.  The  name  of  the  referring  physician. 

7.  The  serial  number  of  the  cases. 
(This  is  optional,  but  very  convenient  for 
office  records,  etc.) 

There  are  several  ways  in  which  this 
identification  can  be  done.  A  con^enient 
way  is  to  ha\e  a  lead  stencil  made  for 
those  portions  which  are  never  changed, 


Fig.  2.  Miowing  the  stencil — perlnrator  machine  with 
special  stage  for  the  lead  sheeting  used  in  backing 
x-ray  dental  film;  roll  of  lead  mounted  on  support; 
trimming  board. 

namely,  the  hospital  or  laboratory,  the 
city  and  the  roentgenologist's  name.  The 
date  can  be  set  up  with  small  lead  figures, 
placed  on  adhesive  plaster,  this  being  done 
but  once  a  day.  The  other  features,  like- 
wise, may  be  set  up  on  adhesive  plaster, 
using  lead  letters  and  figures.  If  many 
patients  are  examined,  there  is  much  delay 
in  setting  up  all  this  information  letter  bj' 
letter  and  figure  by  figure;  on  this  account 
one  is  loath  to  give  the  necessary  time  to 
the  procedure.  A  search  was  made  for  a 
stencil  machine  which  would  provide  this 
opaque  marker  quickly  and  easily.  The 
one  illustrated  in  Figure  2  has  been  found 
to  give   full  satisfaction,   and   the  stencil 


IS  quickly  made.  An  alphabet  and  numerals 
pro\ide  all  letters  and  ligures.  The  stencil 
material  used  is  the  lead  sheeting  used  in 
backing  dental  .v-ray  films.  It  can  be 
obtained  in  8-lb.  rolls  at  a  small  cost.  A  roll 
of  the  material  can  be  mounted  on  a  suit- 
able wooden  axle  support  (easily  con- 
structed by  the  average  technician)  so  that 
the  hea\y  material  can  be  reeled  off  in  any 
length.  A  small  photo  trimming  board  is 
used  to  cut  this  material  into  3-in.  pieces; 
small-sized    tinners'    snips    are    also    con- 


FiG.    3.    Example   of  standard    identification   of  .v-ray 
exposure;  simultiineous  exposure. 

venient.  This  stencil  machine  is  equipped 
with  a  platform  or  stage  built  especially 
for  the  writer  to  accommodate  this  par- 
ticular strip  lead.  Five  separate  lines  of 
any  length  can  be  stenciled.  After  sten- 
ciling the  marker,  it  is  trimmed  down  to 
the  smallest  size  possible  so  as  to  occupy  a 
minimum  of  space  on  the  exposure.  This 
is  invariably  less  than  2  X  3  in.  in  area. 
The  time  needed  to  make  a  complete 
stencil  averages  one  minute.  Figure  2 
illustrates  the  stencil-perforator  machine 
and  the  several  parts  used. 

In  Figure  3  is  seen  the  appearance  ot 
this  form  of  exposure  identification.  An 
exception  is  made  in  this  technique  as 
applied  to  the  exposures  of  the  accessory 
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sinuses  of  the  head  where  border  exposures 
add  materially  to  the  appearance  of  the 
film,  as  illustrated  in  Figure  4.  In  these 
cases  the  marker  is  exposed  while  exposing 
the  border,  which  is  always  done  imme- 
diatelj'    after    each    anatomical    exposure. 


stitution.  Such  identification  as  is  here  de- 
scribed can  ne^■er  be  mistaken  and  fdms  so 
marked  can  never  be  used  for  anyone  else. 

From  the  medicolegal  standpoint,  this 
form  of  identification  is  especially  valuable, 
and  of  utmost  importance,  and  the  hope  Is 


NATIONi/VL 
PATH.LAH. 
CMICAKO 

E.S.DLAINEK.I}. 


Fic.   4.    Example   of  standard   identification   of  .v-ray  exposure  of 
sinuses;  stencil  exposed  with  border. 


In  justice  to  every  patient,  and  in  all 
fairness  to  the  roentgen  practice,  the 
essayist  believes  that  all  exposures  should 
be  marked  inerasably  and  indelibly,  which 
will  always  prevent  mistakes  of  assign- 
ment and  preclude  the  possibility  of  sub- 


here  expressed  that  in  the  not  far  distant 
future  every  -v-ray  film  or  plate  exposure 
plr.ced  in  evic'en^e  in  court  p.O(edu:e  will 
be  required  by  laiv  to  have  unalterable 
and  unmistakable  identification  along  the 
lines  herein  set  forth. 


A  BIOLOGICAL  COEFFICIENT  FOR  THE 
ALUMINUM  FILTER* 

BY    FRANCIS   B.   SHELDON.   M.D. 

FRESNO,    CALIFORNIA 


T"^HIS  paper  is  presented  with  the  idea 
L  of  demonstrating  that  the  erythema 
dose  may  be  predetermined,  and  of  giving 
a  method  of  determining  that  dose  when 
using  aluminum  as  a  filter.  In  doing  this, 
it  will  be  shown  that  the  formula  of  Prof. 
Shearer  for  the  photographic  plate  applies 
also  to  the  filtered  dose.  It  will  also  be 
shown  that  the  formula  for  filtered  dose  as 
given  by  Witherbee  and  Remerf  cannot 
be  used  to  any  degree  of  accuracy  to  pre- 
determine the  erythema  dosage. 

In  the  use  of  a  filter  for  the  ordinary 
fight  there  are  certain  principles  that  are 
always  the  same.  For  instance,  if  we  place 
a  red  filter  before  the  source  of  light,  we 
will  cut  out  all  the  rays  but  the  red,  and  of 
those  red  rays  there  will  be  a  certain 
amount  lost  through  absorption  of  the 
filter.  The  amount  of  the  red  ray  that 
will  be  absorbed  will  depend  on  several 
factors,  namely,  the  intensity  of  the  light 
at  its  source,  the  distance  of  the  source 
from  the  receiving  element,  and  the  thick- 
ness of  the  filter.  If  we  increase  the  thick- 
ness of  the  filter  and  at  the  same  time 
retain  the  same  intensity  of  the  light  at 
its  source  and  the  same  distance  of  the 
source  and  receiving  element,  then  the 
receiving  element  must  of  necessity  receive 
less  of  the  rays,  for  the  filtering  element 
will  absorb  the  rays  in  a  definite  ratio  to 
the  thickness. 

In  the  same  way,  if  we  increase  or 
decrease  the  intensity  of  the  light  at  its 
source,  and  do  not  change  the  thickness 
of  the  filter,  the  amount  of  the  ray  that 
will  reach  the  receiving  element  will  be 
increased  or  decreased  in  a  definite  ratio 
with  the  change  in  intensity.  Furthermore, 
the  per  cent  of  the  ray  that  the  filter  will 
absorb  will  have  a  definite  ratio  with  the 
change  in  intensity.  If  we  change  the 
distance  of  the  source  from  the  receiving 
element,  the  effect  of  the  ray  on  the 
receiving  element  will  be  in  a  definite 
ratio  with  this  change. 


With  this  in  mind  I  gathered  formulas 
that  many  difterent  men  were  using  in 
their  treatment  technique.  Only  those 
formulas  that  gave  the  spark-gap,  milliam- 
perage,  time,  distance,  and  number  of 
millimeters  of  aluminum  filter  used,  and 
only  those  in  which  aluminum  was  the 
only  filter  used,  were  selected.  With  such 
formulas  the  milliamperage  and  spark-gap 
represented  the  intensity  of  the  light. 

May  I  digress  here  long  enough  to  say 
that  most  writers  lea\e  out  one  to  three  of 
these  factors,  and  to  my  way  of  thinking 
their  technique  as  published  is  of  little 
value  to  their  fellow  workers.  Most  of  the 
formulas  gathered  were  found  to  vary  in 
all  their  factors.  Some  used  one  spark- 
gap  and  some  another,  some  usecl  one 
distance  and  some  another,  some  used 
one  thickness  of  filter  and  some  another. 

Having  gathered  a  number  of  these 
formulas,  I  then  found  the  constants  in 
accordance  with  Shearer's  formula  for  the 
photographic  film.  To  find  a  rough  ratio 
for  the  filter  the  constants  of  the  various 
formulas  were  divided  bj'  the  number  of 
millimeters  of  aluniinum  filter  used  in 
those  formulas.  It  was  found  that  this 
division  gave  quotients  of  15  to  20,  which 
was  approximately,  in  each  case,  15  plus 
^2  the  number  of  millimeters  of  aluminum 
used  in  that  formula. 

A  few  of  the  formulas  used: 

.  ,    5  ma.  X  12  in.  SG^  X  12  min. 
6  mm.  Al.    


12  m. 

1  m.^distX 
=  I- 


'o:> 


135i{    =   22H 


72 


10  mm.  Al. 


5  ma.  X  12  in.  SG-  X  40  min. 


3  mm 


Al. 


mm 


.  Al. 


12  in.  dist.'-' 
=  200  ^"^10  =  20 

5  ma.  X  8  in.  SG^  X  14H  min. 
10  in.  dist.- 
=  46.4       -te.^^g  =  15]^ 

5  mm.  X  9  in.  gap-  X  12.8  mm. 


10  in. 
=  51.8 


dist.'' 

51.8^ 


17.3 


*  Read  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Society.  Los  Angeles,  Calif.,  Sept.    12-16.  1922. 
Discussion  on  this  paper  and  others  in  the  same  symposium  will  appear  in  a  later  number  of  the  Journal. 

t  Witherbee.  W.  D..  and  Remer,  J.  Unfiltered  and  filtered  x-ray  dosage.  Am.  J.  Roentgenol.,  Oct.,  1920,  vii,  485. 
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I  then  made  up  a  formula  for  experi- 
mental use  in  which  the  constant  should 
be  always  equal  to  the  number  of  mm.  of 
aluminum  used  as  a  filter  times  the 
equation  15  +  }-2  the  number  of  mm.  of 
aluminum  used.     Thus: 

ma.  X  SG'-  X  T(  in  min.) 


dist.  (in  in.)' 


15  + 


no.  mm.  Al. 
no.  mm.  AI.\ 


Usually  it  is  the  time  factor  that  is  sought, 
and  with  such  a  formula  time  is  easily 
figured.  Before  beginning  experimental 
work  1  thought  to  compare  the  time 
obtained  with  this  formula  and  that 
obtained  following  the  formula  of  \\'ither- 
bee  and  Reiner.  First  It  was  compared  with 
their  formulas  when  using  3  mm.  of 
aluminum  for  filter.  In  this  group  of 
formulas  they  have  kept  constant  the 
ma.  dist.  and  filter;  using  In  each  case 
5  ma.  lo-in.  dist.  and  3  mm.  Al.  filter. 


Ch.art   I 

Sparlc-gap 

W.  &  R.  Time 

Time  with  Coeffi- 
cient Formula 

6  in. 

7  in. 

8  in. 

9  in. 
10  in. 

26  min.  57  sec. 
19  min.  48  sec. 
14  min.  25  sec. 
12  min.  50  sec. 
1 1  min.  35  sec. 

27  min.  50  sec. 
20  min.  00  sec. 
15  min.  30  sec. 
12  min.  12  sec. 
9  min.  54  sec. 
• 

The  percentage  of  difference  In  these  is 
not  great  and  may  be  easily  explained, 
for  they  first  find  the  skin  unit  dose  and 
then  multiply  this  by  5  to  "  for  their 
erythema  dose.  Now  if  they  make  a 
mistake  of  a  few  seconds  only.  In  the  read- 
ing of  the  pastille  for  the  first  skin  unit, 
the  erythema  dose  will  then  be  at  fault  5 
to  7  times  this  few  seconds.  Witherbee  and 
Remer  use  an  arithmetical  progression 
which  varies  with  the  spark-gap  used  and 
with  the  thickness  of  the  filter.  In  the 
\  ariation  of  the  spark-gap  they  claim 
that  anything  below  6-In.  gap  requires  7 
skin  unit,  or  7  times  one  skin  unit  dose 
for  an  erythema,  and  anything  above  8-In. 
gap  will  rcciuire  but  5  times  the  one  skin 
unit  dose.  This  a]:)pcars  to  be  purely 
arbitrary,  or  why  should  It  not  also  change 
below  6  In.  and  above  8  in.  of  gap? 


Not  only  does  their  arithmetical  pro- 
gression change  with  the  spark-gap,  but 
It  also  changes  with  the  thickness  of  the 
filter,  for  they  say  that  if  5,  6,  or  ~  mm. 
of  aluminum  filter  Is  used  with  8  to  10- 
In.  spark-gap,  then  It  only  takes  3  times 
one  skin  unit  dose  for  an  erythema  dose. 
They  further  state  that  each  thickness  of 
aluminum  filter  requires  a  separate  stand- 
ard or  formula  for  one  skin  unit,  and  they 
have  worked  out  a  standard  formula  for 
each  thickness  of  aluminum  filter  from  J^ 
mm.  to  "  mm. 

Ha\Ing  compared  the  coefficient  for- 
mula with  theirs  when  using  3  mm.  alu- 
minum filter,  I  thought  to  compare  the 
formulas  when  the  thickness  of  the  filter 
was  changed.  This  was  done  with  the 
following  results: 

Chart   II 
5  ma.,  9-in.  gap  and  lO-in.  dist.  are  kept  constant. 


W.  &  R. 

W.  ^  R. 

Erythema 

Time 

in  Min. 

Al. 

Filter 
.Mm. 

Thick- 
ness 

Coefficient 

Formula 

Ratio  of 
Advance 

Time 
in  Min. 

Ratio  of 
Advance 

8.66 

I 

3-7 

3.0 
1. 16 
7.16 

11.66 
12.82 
20  00 

2 
3 

4 

7  9 
12.2 
16.8 

4.2 

4  3 
4-6 

1 .00 

4.8 

21 .00 

i 

21.6 

0.00 

21 .00 

63i 

26.66 

5.0 

0.00 

21 .00 

7 

32.1 

5-5 

In  the  advancing  of  the  time,  when  an 
additional  millimeter  of  aluminum  filter 
is  added,  you  will  note  that  with  the 
formula  of  \N  itherbee  and  Remer,  between 
I  and  2  mm.  there  are  3  minutes. 
Between  2  and  3  mm.  it  Is  less  than  half 
this  or  1. 1 6  minutes.  However,  between  3 
and  4  mm.  of  filter  the  time  changes  ~.i6 
minutes,  which  is  6  times  as  much  as 
between  2  and  3  mm.,  and  more  than  twice 
as  much  as  the  change  from  i  to  2  mm. 
The  next  time  that  a  mm.  of  aluminum 
filter  Is  added  there  is  another  radical 
change  In  the  difference  of  time.  After 
reaching  5  mm.  of  aluminum  filter  there 
Is  then  no  further  change.  In  other  words. 
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5  mm.  of  aluminum  filter  ofYers  as  much 
protection  as  would  ~.  On  the  other  hand, 
you  will  note  that  the  rate  of  advance  with 
the  coefficient  formula  is  uniform  as  each 
additional  millimeter  of  aluminum  filter 
is  added,  the  diflerence  each  time  being 
a  little  more  than  the  former  one. 

Another  thing  I  would  have  you  note. 
The  difference  in  time  between  i  and  4 
mm.  of  aluminum  filter  with  the  coeffi- 
cient formula  is  13.1  minutes,  and  with  that 
of  W  itherbee  and  Remer  it  is  1 1.33  minutes. 
This  diflerence  is  comparatively  little, 
but  why  should  the  ray  be  so  erratic  in 
its  time  of  producing  an  erythema  when 
one  or  more  millimeters  of  aluminum  filter 
are  changed  within  this  range,  as  is 
expressed  in  the  formula  of  Witherbee 
and  Remer? 

Having  noted  these  figures  and  difler- 
ences,  and  the  further  fact  that  the  co- 
efficient formula  ga\e  less  time  for  the 
thinner  filters  than  did  that  of  Witherbee 
and  Remer,  I  began  very  cautiously  to 
experiment.  After  seeing  the  results  I  had 
more  confidence  in  the  coefficient  filter 
formula.  The  skin  reaction  of  the  brunette 
being  more  than  that  of  the  blonde,  the 
aim,  in  my  experimental  work,  was  to  gWe 
such  dosage  as  would  barely  show  in  the 
blonde  and  would  give  a  slight  tan  in  the 
brunette.  This  was  always  done  on  skin 
that  had  had  no  previous  raying. 

From  these  experimental  dosages  the 
following  are  taken: 

1.  Adult  blonde  w^as  given  i"  minutes' 
exposure  using  2  mm.  aluminum  filter, 
5  ma.,  6-in.  gap  and  lo-in.  skin  focal 
distance.  Two  weeks  later  there  was  a 
very  slight  color  of  the  skin  of  the  exposed 
area. 

2.  Adult  blonde  was  given  6  minutes  57 
seconds'  exposure  using  i  mm.  aluminum 
filter,  6  ma.,  6-in.  gap,  and  lo-in.  skin 
target  distance.  The  exposed  area  was 
slightly  reddened  at  the  end  of  one  week. 
This  quickly  disappeared. 

3.  That  the  law  of  the  inverse  square 
of  the  distance  might  be  tested,  a  patient 
was  given  the  following  doses  the  same 
day,  the  distance  and  the  time  being  the 
only  factors  changed:  Two  millimeters 
aluminum  filter  was  used  with  5  ma.,  and 
lo-in.    spark-gap.  The  right  side  at  lo-in. 


skin  target  distance  was  given  6  minutes  12 
seconds'  exposure  and  the  left  side  at  8-in. 
distance  was  given  4  minutes  6  seconds' 
exposure.  These  areas  were  watched  for 
several  weeks  and,  so  far  as  could  be  seen 
with  the  eye,  there  was  no  difference  in 
the  reactions  of  the  two  areas. 

4.  Adult  blonde.  Used  i  mm.  aluminum 
filter,  with  5  ma.,  and  lo-ln.  spark-gap. 
The  left  side  was  given  3  minutes'  exposure 
at  lo-In.  skin  target  distance,  and  the 
right  side  6  minutes  at  14-In.  distance. 
To  the  eye  there  was  no  perceptible  differ- 
ence in  the  reactions  of  the  two  areas. 

5.  Adult  blonde.  A  case  of  a  very  small 
hard  skin  tumor.  I  decided  to  give  more 
than  just  a  bare  erythema.  With  i  mm.  of 
aluminum  filter,  6  ma.,  6-in.  spark-gap, 
and  8-in.  skin  target  distance,  an  exposure 
of  8  minutes  was  given.  By  the  coefficient 
formula  the  time  for  an  erythema  dose  is 
4  minutes  22  seconds.  I  then  gave  nearh* 
two  erythema  doses  and  got  reddening  of 
the  skin  that  lasted  more  than  six  months. 
The  formula  of  Witherbee  and  Remer 
would  require  13  minutes  18  seconds  for  an 
erythema,  or  more  than  50  per  cent  more 
than  that  given.  There  was  no  desquama- 
tion of  the  area. 

6.  Adult  brunette.  Used  4  mm.  alumi- 
num filter  with  5  ma.,  lo-ln.  spark-gap. 
On  the  right  side  8  minutes  42  seconds' 
exposure  was  given  at  8-In.  skin  target 
distance.  The  same  day  on  the  left  side 
1 1  minutes'  exposure  was  given  at  9-in. 
distance.  There  was  a  slight  browning  of  the 
areas.  The  right  appeared  to  be  a  very 
little  more  than  the  left  but  the  difference 
was  so  slight  as  to  be  hardly  noticeable. 

~.  Adult  brunette.  Used  4  mm.  alumi- 
num filter  with  5  ma.,  lo-ln.  spark-gap, 
and  i2-in.  skin  target  distance.  An  ex- 
posure of  20  minutes  was  given.  This 
showed  a  slight  browning. 

8.  Adult  brunette.  Used  4  mm.  alumi- 
num filter  with  5  ma.,  lo-in.  spark-gap, 
15-In.  distance,  and  30  minutes'  exposure. 
The  area  was  slightly  discolored  for  a  few 
weeks  only. 

I  have  used  this  formula  with  many 
different  patients,  varying  all  the  different 
factors,  and  In  so  far  as  the  eye  can  deter- 
mine, the  reactions  appear  to  be  very 
nearlv  the  same   for  all.   Furthermore,   a 
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-5  per  cent  erythema  dose,  as  determined 
by  the  aluminum  filter  coefficient,  when 
given  on  the  scalp,  will  produce  a  tem- 
porary alopecia.  This  has  been  done 
several  times  when  treating  brain  tumors. 
In  all  this  work  I  have  used  a  machine 
with  the  cross  arm  type  of  rectification. 
The  spark-gap  has  been  measured  with 
small  spheres  instead  of  points.  All  ma- 
chines do  not  give  the  same  output  of 
energy,  nor  does  the  same  machine  when 
moved  from  one  place  to  another  always 
give  the  same  output  with  the  same  setting 
of  the  filament  control  and  auto  trans- 
former. Then,  too,  one  man  may  want  a 
gap  distance  that  will  just  break  and 
another  may  want  a  flame.  However,  the 
laws  of  physics  work  uniformly  with  all 
machines,   and    having   once   checked   the 


erythema  dose  for  a  machine  with  a  given 
thickness  of  filter  we  should  be  able  to 
change  any  of  the  factors  of  that  dose  and 
still  calculate  the  time  of  the  erythema 
dosage  with  the  new  or  changed  factors. 
It  may  be  that  this  filter  coefficient  will 
work  with  many  machines  and  it  may  be 
that  others  will  have  to  use  a  different 
coefficient. 

My  work  has  all  been  done  with  the 
aluminum  filter,  and  when  using  any  other 
material  for  filtering  some  other  equation 
must  be  used.  I  am  convinced  that  the 
formula  of  Shearer  together  with  a  filter 
coefficient  can  be  used  to  predetermine 
accurately  the  erythema  skin  dose. 

I  have  used  this  filter  coefiicient  formula 
for  eighteen  months  and  am  pleased  with 
the  results  obtained. 
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RONTGENOLOGISCHE    StUDIEN     UbER    DeN 

BuLBus  Duodeni.  (Roentgenolog- 
ical Studies  of  the  Duodenal  Bulb. 
Ake  Akerlund,  Stockholm,  192 1.) 
This  book  represents  probably  the  most 
intensive  radiographic  study  of  duodenal 
ulcer  of  today.  The  author  begins  with  a 
thorough  survey  of  the  anatomy  of  the 
duodenum,  as  a  basis  for  the  determination 
of  the  pathological  changes  incident  to  an 
ulcer  in  this  portion  of  the  gut.  He  includes 
a  description  of  personally  investigated 
pathological  specimens  which  have  been 
hardened  in  situ.  He,  further,  in  discussing 
the  technique  of  radiography  of  the 
duodenum,  describes  his  apparatus,  which 
permits  of  the  taking  of  serial  radiograms 
in  the  upright  position,  and  ofiers  the 
advantage  of  more  readily  and  completely 
\isualizing  the  duodenal  cap  without  its 
being  covered  by  the  pyloric  end  of  the 
stomach,  as  so  frequently  is  the  case  in  the 
prone  position.  He  analyzes  the  deformity 
of  the  bulb,  not  as  we  are  wont  to  do 
grossly,  but  rather  analyzing  the  various 
component  alterations  of  contour  that 
enter  into  the  picture  of  a  duodenal  ulcer. 
In  this  way,  he  designates  the  defect  in  the 
light  of  niche  formation,  indentation  ot 
the  opposite  cur\ature,  retraction  of  the 
musculature  adjacent  to  the  site  of  the 
ulcer,  and  the  pseudo-diverticuli  which 
may  be  induced  by  spastic  contraction 
of  the  first    j)()rtion  of  the  duodenum.    In 


his  discussion,  the  author  rexiews  the 
pertinent  radiological  literature,  critically 
analyzing  as  he  goes. 

A  statistical  survey  of  109  cases  with 
complete  roentgenological  observation  plus 
clinical  course  and  operative  or  autopsy 
findings  is  included.  This  serves  to  confirm 
the  roentgenological  or  to  elucidate  the 
x-ray  findings.  The  book  merits  attention 
of  both  the  radiographer  and  the  gastro- 
enterologist,  for  it  permits  of  a  more 
accurate  understanding  of  the  various  bulb 
defects  that  are  noted  in  duodenal  ulcer. 

A.  L.  LouRiA. 

NouvEAu  Traite  de  Medecixe.  Fasci- 
cule V.  Maladies  Infectieuses  et 
Parasitaires.  Le  Cancer.  By  G.  H. 
Roger,  Fernand  \\  idal,  and  P.  J.  Teis- 
sier. Sixth  edition.  Paris,  1922. 

This  volume  of  "50  pages  is  of  greatest 
interest  to  the  radiotherapist,  for  more 
than  half  the  book  is  devoted  to  a  discus- 
sion of  cancer.  This  section  is  written  by 
Roussy,  associate  professor,  and  Wolf, 
assistant  chief  of  clinic,  to  the  Faculty  of 
Medicine  of  Paris.  There  is  also  a  long 
discussion  devoted  to  cancer  in  animals, 
to  experimental  cancer,  and  to  the  patho- 
logical anatomy  of  cancer.  The  final 
hundred  ])ages  take  up  the  therapeutics 
and  prcNcntion  of  cancer.  The  section  on 
radiotherapeutics  of  cancer  is  written  by 
Madanu'  Sinioiu'  Labord. 


A  NEW  DEVICE  FOR  REIUBING  RADIUM  EMANATION 


BY    WILHELM    STENSTROExM,    PH.D. 
Physicist  to  tlie  State  Institute  for  the  Study  of  Malignant  Disease 

BUFFALO,    NEW    YORK  a 


I)ADIUM  emanation  disintegrates  quite 
V  rapidly,  half  of  a  given  amount  dis- 
appearing in  3.8  days.  If  only  the  ordinary 
apparatus  is  used  for  pumping  off  the 
emanation  from  the  radium  solution,  there 
will  be  just  some  few  strong  tubes  and  a 
great  number  of  weak  ones.  For  instance, 
with  two  grams  of  radium,  a  probable 
distribution  would  be:  6  tubes  with  more 
than  100  mc.  emanation  each;  8  tubes  with 
50  to  100;  10  tubes  with  20  to  50;  20  tubes 
with  4  to  20;  and,  of  course,  an  indefinite 
number  of  weaker  ones,  their  strength 
depending  upon  the  time  of  removal. 

Strong  tubes  are  more  useful  than  weak 
ones,  as  a  rule.  The  weak  ones  could,  of 
course,  be  injected  into  the  tissue.  It  Is, 
however,  preferable  to  make  such  tubes 
(seeds)  from  a  much  finer  capillary  tubing. 
It  Is,  therefore,  of  advantage  to  have  an 
apparatus  by  means  of  which  the  emana- 
tion can  be  concentrated  from  a  number  ot 
weak  tubes  into  a  strong  one,  or  into  liner 
tubes,  or  into  a  bulb. 

I  am  going  to  describe  such  an  apparatus 
of  simple  construction  which  has  been  In 
use  for  a  short  time  at  the  State  Institute 
In  Buffalo: 

The  emanation  Is  concentrated  with  the 
aid  of  liquid  air,  and  therefore  can  be 
freed  from  air,  which  Is  of  great  impor- 
tance, as  the  main  emanation  plant  is  of  the 
Duane  type.  It  sometimes  happens  that, 
accidentally,  air  gets  into  this  apparatus. 
The  emanation,  upon  such  occasions, 
cannot  be  concentrated  enough  there, 
but  usually  can  be  collected  In  a  number 
of  big  tubes.  With  the  retubing  apparatus 
the  air  can  be  abstracted  and  the  emana- 
tion concentrated  Into  the  required  volume. 

The  retubing  apparatus  is  shown  in  the 
drawing  to  which  the  letters  refer.  The  old 
emanation  tubes  are  put  in  a  series  of 
small  cups  on  top  of  the  holder  H.  The 
glass  cap  B  is  ground  to  fit  closely 
over  H,  and  to  the  Inside  of  B  is  attached 
a  little  lug,  which  will  break  the  tubes  one 
after  the  other,  when  B  is  turned  around. 


The  whole  system  Is  evacuated  with  the 
Langmuir  pump  P,  and  the  same  oil 
pump  which  belongs  to  the  other  emana- 
tion apparatus.  The  vacuum  Is  determined 
by  the  discharge  of  a  little  Induction  coil 
through  the  Gelssler  tube  T.  Water  is 
absorbed    by    the    Phosphorous- Pentoxide 
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tube  P2O5.  The  emanation  is  condensed 
In  the  spiral  part  of  the  glass  tubing  which 
passes  through  the  liquid  air  container 
A.  (This  arrangement  for  the  condensa- 
tion has  been  Introduced  by  Mr.  Fred  West 
at  Johns  Hopkins  Cancer  Hospital, 
Baltimore.) 

The  emanation  Is  forced  into  the  capil- 
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iary  tube  C  by  raising  the  mercury  flask  F 
and  thereby  the  mercury  inside  the  tube. 
The  apparatus  is  as  simple  as  possible; 
only  two  stopcocks  are  needed,  one  single- 
way  mercury  stopcock  S-j,  and  one  double- 


way  grease  stopcock  Si.  The  Langmuir 
pump  takes  care  of  all  the  pumping,  and 
the  mercury  has  to  be  raised  only  once. 
All  parts  have  been  made  by  our  glass 
blower. 


PRINCIPLES  OF  RADIOTHERAP\   OF  CARCINOMATA 

ESPECIALLY  OF  UTERINE  AND  MAMMARY 

CARCINOMATA* 


BY    PROF.     DR.     E.    OPITZ 


FREIBURG,    I.    B.,    GERMANY 


IF  we  desire  to  impro\e  the  therapeutic 
results  of  uterine  and  mammary  car- 
cinomata, we  must  critically  investigate 
those  cases  which  have  been  treated  suc- 
cessfully, and  describe  the  methods  which 
yielded  the  desired  results.  We  have 
studied  cases  of  carcinomata  which  have 
been  irradiated  in  our  gynecological  clinic 
up  to  six  years  ago. 

Subjecting  the  results  to  a  careful  analy- 
sis, we  are  at  once  confronted  with  the 
difficulty  that  we  do  not  possess  reliable 
records  of  the  doses  employed  in  the  cases 
treated  during  that  time.  The  cases  in 
question  represent  the  first  attempts  by 
Kroenig  at  treating  cancer  by  means  of 
radium  and  .x-rays. 

At  that  time,  a  correct  knowledge  of  the 
exact  dosation  of  radium  or  .\-rays  was  not 
available,  and  the  records  of  dosage  in  the 
histories  had  therefore  been  omitted.  Nev- 
ertheless, it  was  possible  to  obtain  an 
approximate  idea  of  the  quantities  of  rays 
employed  fronr  the  statement  of  the  occur- 
rence or  nonoccurrence  of  a  skin  erythema 
and  the  arrangement  of  the  radiation  cap- 
sules and  .v-ray  tubes. 

We  were  not  greatly  surprised  when  we 
lound  that  cases  showing  a  cure  of  fi\e 
or  more  years'  duration  manifested  none 
or  only  a  slight  erythema  after  the  irradia- 
tion. On  the  other  hand,  in  all  those  cases 
in  which  an  erythema  or  a  burn  of  a  second 
or  third  degree  was  observed,  a  relapse 
occurred  in  a  very  short  time.  The  recur- 
rence took  place  earliest  in  cases  in  which 
the  burns  were  extensive.  This  observation 
appeared  to  be  ciuitc  startling.  The  cases 
in  question  were  clinically  of  an  analogous 


character,  having  been  selected  by  Kroenig 
for  this  very  reason. 

From  the  literature,  as  well  as  from  my 
own  observation,  I  want  to  report  a  series 
of  data  which  will  enable  us  to  draw  cer- 
tain conclusions. 

First,  I  shall  refer  to  those  irradiations 
which  were  employed  for  the  prevention  of 
recurrences  in  cases  of  mammary  carci- 
noma. The  cases  irradiated  by  Perthes 
showed  the  very  remarkable  result  that 
relapses  became  not  only  not  less  frequent, 
but  even  more  frequent  than  after  opera- 
tion without  subsequent  irradiation.  In 
contrast  to  this,  Anschiitz's  cases  of  mam- 
mary amputation  with  subsequent  irradia- 
tion showed  a  reduction  in  recurrences 
which  hitherto  had  ne\'er  and  nowhere  been 
obtained. 

The  methods  of  irradiation  of  these 
investigators  were  not  the  same,  Perthes 
employing  comparatively  large  doses  which 
approximated  the  so-called  "carcinoma 
dose"  while  Anschiitz  used  smaller  doses 
frequently  repeated. 

The  following  is  another  noteworthy 
fact:  Perthes  reports  a  case  in  which  the 
irradiation  of  skin  recurrences  after  a 
mammary  amputation  for  carcinoma  pro- 
duced a  roentgen  ulcer  which  at  first 
remained  stationary.  A  diagnostic  excision 
revealed  the  presence  of  cancerous  cells. 
Subsequently,  the  parts  adjacent  to  the 
place  of  the  diagnostic  excision  showed  a 
rapid  proliferation,  while  the  cancerous 
nodules  present  in  the  neighborhood  re- 
mained unchanged  for  a  considerable 
length  of  time.  We  made  a  similar  obser\a- 
tion.  A  woman  who  had  been  successful! v 


•  Read  by  title  at  the  Twenty-third  Annual  Meeting  of  Thk  American  Roentgen  Rav  Society,  Los  Angeles,  Calif..  Sept.  i.'-i6, 
1922.    Discussion  on  this  paper  and  others  in  the  same  symposium  will  appear  in  a  later  number  of  the  Journal. 
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irradiated  for  an  inoperable  carcinoma  oi 
the  stomach  became  afflicted  with  an  ulcer 
in  the  skin  above  the  irradiated  gastric 
carcinoma  five  years  after  irradiation.  The 
skin  had  been  indurated  and  leather-like. 
A  diagnostic  excision  was  made.  It  was 
followed  by  a  surprising  result.  The  tumor 
increased  rapidly  and  showed  fungoid 
proliferations  which  proved  to  be  of  a 
carcinomatous  nature.  After  a  short  period 
of  time,  we  observed  a  perforation  of  the 
stomach  and  trarisverse  colon  which  grad- 
ually increased  and  finally  led  to  a  fatal 
termination. 

In  this  connection  I  desire  to  add  two 
quite  remarkable  observations.  A  woman 
with  an  irradiated  vulvar  carcinoma  be- 
came afflicted  with  a  hard  tumor  in  the 
posterior  part  of  the  left  labium  minus, 
which,  on  inspection  and  palpation,  ap- 
peared to  be  benign.  The  tumor  bore  the 
appearance  of,  and  resembled,  on  palpa- 
tion, a  fibroma  pendulum,  while  the  carci- 
noma had  disappeared  completely-  The 
tumor  was  removed.  It  proved  to  be  a  solid 
carcinoma,  apparently,  with  a  very  slight 
tendency  to  proliferation.  The  growth  was 
separated  from  the  healthy  tissue  by  a 
thick  wall  of  lymphocytes.  Quite  recently 
we  made  a  similar  observation  in  another 
vulvar  carcinoma. 

The  following  observations  have  been 
made  quite  frequently.  Some  time  ago,  in 
sections  of  tissue  removed  after  radiation 
for  uterine  carcinoma,  Haendly  found 
active  and  apparently  proliferating  cancer 
foci  in  the  completely  necrotic  tissue.  A 
similar  observation  has  been  reported  by 
Eckelt  (Gynecological  Clinic  of  Frank- 
furt). Perthes'  observation,  cited  above, 
also  belongs  to  this  class  of  cases.  Many 
similar  cases  are  on  record. 

In  summarizing  the  results  of  these 
observations,  we  may  be  justified  in  draw- 
ing the  following  conclusions:  The  destruc- 
tion of  the  carcinoma  by  means  of 
irradiation  is  by  no  means  accomplished  in 
all,  and  even  not  in  the  majority  of  cases.  The 
carcinoma  may  recede,  but  cancer-cells, 
perhaps  microscopically  not  recognizable, 
remain  behind.  Their  capability  to  grow  and 
to  multiply  may  be  destroyed  for  a  longer  or 
shorter  period  of  time,  but  by  no  means 
permanently.     Certain  stimuli,  or  perhaps. 


the  lapse  of  time,  may  engender  a  renewed 
proliferation  of  the  cancer-cells.  Such 
stimuli  are  mechanical  traumata,  as  diag- 
nostic excision  or  incorrect  irradiation. 
The  latter  assumption  may  explain  the 
puzzling  fact  that  Perthes  has  observed 
more  recurrences  after  operation  and  sub- 
sequent irradiation  than  after  operation 
without  subsequent  irradiation.  One  must 
surmise  that  cancer  germs  were  left  behind 
after  the  operation  which  might  have  been 
destroyed  by  the  tissue  itself,  but  were 
stimulated  to  renewed  proliferation  by  the 
irradiation.  This  explanation  might  be 
surprising  to  most  of  us.  We  regard  as  cor- 
rect the  claim  that  cancer-cells  may  be 
devoured  by  the  organism  under  ordinary 
conditions.  It  is  quite  certain  that  in  the 
large  majority  of  cases,  cancer-cells  are 
regularly  carried  off  in  the  lymph  and 
blood  streams,  but  only  a  few  of  them 
develop  into  necrotic  carcinomatous 
growths.  In  my  opinion,  this  can  only  be 
explained  by  the  fact  that  the  normal 
tissue,  especially  the  blood  and  lymph-cells, 
is  capable  of  destroying  solitary  migrating 
cancer-cells. 

A  further  deduction  which  we  may  draw 
from  these  obser\ations  is  the  fact,  re- 
peatedly mentioned  by  me,  that  too  large  a 
dose  of  radium  or  .\-rays  is  at  least  as 
harmful  as  too  small  a  dose. 

Yet,  with  the  mere  reiteration  of  these 
facts,  we  have  gained  very  little,  if  any- 
thing, in  our  endeavor  to  improve  the 
curative  results.  First  of  all,  we  must  deter- 
mine the  manner  in  which  the  rays  influ- 
ence the  cancer  and  the  facts  on  which  the 
curative  action  of  the  rays  is  to  be  based. 
In  short,  we  must  study  the  biology  of  the 
action  of  the  rays.  We  have  endeavored  for 
some  time  to  fathom  these  biological  laws. 

Numerous  observations  justify  the 
statement  that  a  complete  cure  of  cancer 
has  been  achieved  by  the  sole  use  of  radia- 
tion, yet  in  the  majority  of  cases  such 'a 
result  has  not  been  obtained.  In  the  cases 
cited  above,  it  has  been  shown  that  the 
best  curative  results  were  obtained  with 
repeated  irradiations  in  which  the  so-called 
"carcinoma  dose"  as  defined  by  Seitz  and 
Wintz,  was  not  attained.  If  the  latter  lies 
between  90  and  100  per  cent  of  the 
"erythema    skin    dose,"    we    must   admit 
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that  in  our  cured  cases  of  mammary  and 
uterine  carcinomata,  which  are  situated 
deep  in  the  body,  the  tumor  received 
less  than  90  per  cent  of  the  "erythema 
skin  dose,"  at  least  in  its  deeper  parts,  if 
we  did  not  attain  an  erythema  of  the  skin 
by  the  irradiation.  Nevertheless,  in  all 
these  cases  the  cure  was  permanent. 

The  state  of  affairs  is  somewhat  more 
confusing  in  the  postoperative  irradiations 
performed  by  Anschiitz.  He  never  attained 
a  radiation  dose  that  amounted  to  a  car- 
cinoma dose,  even  if  the  rays  were  applied 
in  several  repeated  courses  of  radiations.  It 
follows  that  cancer  cases  were  cured  which 
never  did  receive  the  "carcinoma  dose." 

In  direct  contrast  to  these  facts,  we  have 
seen  that  the  employment  of  quantities  of 
rays  which  considerably  exceed  the  "car- 
cinoma dose"  in  some  cases  even  caused 
necrosis  of  the  connective  tissue,  and  in 
others,  at  least  an  intense  inflammation 
did  not  result  in  a  cure.  It  follows  that  it 
should  not  be  the  sole  object  of  radiation 
therapy  to  apply  a  quantity  of  rays  as 
large  as  possible  to  the  cancer-cells,  as  then 
the  presence  of  viable  cancer-cells  in  the 
necrotized  connective  tissue  would  be 
unthinkable. 

The  majority  of  authors  explain  the 
action  of  rays  by  saying  that  a  sufficiently 
intense  radiation  causes  quite  characteris- 
tic changes  in  the  cancer-cells.  The  latter 
recede  either  completely,  or,  at  least,  to 
a  marked  degree.  They  further  assert  that 
cancer-cells  perish  when  the  functions  of 
nutrition  and  division  have  been  severely 
impaired  by  the  direct  action  of  the 
electro-magnetic  waves. 

It  should  not  be  at  all  disputed  that  such 
eflects  of  the  rays  are  possible,  and 
actually  occur.  It  would  be  unreasonable  to 
assume  that  cancer-cells  should  behave 
differently  than  other  tissue  cells  which  all 
can  be  changed  or  destroyed  by  the  rays, 
depending,  of  course,  on  the  amount  of 
rays  administered.  But  according  to  the 
observations  just  mentioned,  the  matter 
cannot  thus  be  explained,  and  the  coex- 
istence of  other  factors  must  be  assumed. 
These  are  to  be  found  in  the  activation  of 
the  defensive  forces  which  are  formed  in 
the  neighboring  tissues  as  well  as  elsewhere 
in  the  bod\  b\'  the  action  of  the  ra\s.  It  is 


well  known  that  after  a  certain  time, 
mostly  after  the  commencement  of  recog- 
nizable changes  in  the  carcinoma,  serous 
infiltration  and  proliferative  processes  may 
be  observed  in  the  connective  tissue  which 
undoubtedly  contribute  to  the  disappear- 
ance of  the  cancer-cells.  I  believe  these 
facts  are  of  great  importance  in  the 
results  of  radiation  therapy  in  carcinoma. 
The  participation  of  the  connective  tissue 
receives  at  present  more  and  more  atten- 
tion. I  refer  to  Halberstadter,  Blumenthal, 
Theilhaber,  M.  Friinkel  and  others.  The 
changes  in  the  white  blood  picture  are  to  be 
valued  in  a  similar  manner.  Nothing 
definite  is  at  present  known  regarding  the 
manner  in  which  these  changes  contribute 
to  the  destruction  of  the  carcinoma. 
Recently,  Lewin  has  called  attention  to  the 
role  played  by  the  white  blood-cells  in  the 
disappearance  of  inoculation  tumors  in 
mice.  If  he  subjected  mice  to  treatment 
with  nucleic  acid  before  the  inoculation  of 
tumor  substance,  the  latter  did  not  take 
but  underwent  destruction.  It  was  per- 
meated with  numerous  lymphocytes  and 
surrounded  by  a  connective-tissue  pro- 
liferation. 

Caspari  has  reported  similar  observa- 
tions which,  however,  are  not  as  yet  avail- 
able in  detail  in  the  literature,  but  in  brief 
abstracts.  A  number  ot  years  ago,  I  pointed 
out  that  the  lymphocytes  play  an  impor- 
tant role  in  the  warfare  against  the  car- 
cinoma. Of  late,  Ribbert,  Theilhaber  and 
others  have  expressed  similar  ^■iews.  Ac- 
cordingly, the  proliferations  of  the  connec- 
tive tissue,  and  particularly  the  infiltration 
of  numerous  round  cells,  which  are  to 
be  found  around  almost  all  of  the  car- 
cinomata, are  to  be  regarded  as  defensive 
agents.  As  a  matter  of  fact,  in  the  majority 
of  instances  they  do  not  serve  the  purpose. 
I  would  like  to  emphasize  the  fact  that  in 
the  large  majority  of  cases,  and  sometimes 
almost  exclusively,  these  round  cells  are 
mononuclear  and  that  the  leucocytes  play 
but  a  minor  role.  Furthermore,  it  must  be 
noted  that  the  destruction  of  wandering 
cancer-cells  in  the  lymphatic  glands  has 
been  positi\ely  demonstrated,  and  conse- 
quently the  lymphocytes  can  under  favor- 
able conditions  gain  the  upper  hand  in  the 
combat  with  acti\e  carcinoma  cells. 
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Recent  obser\ations  made  with  vital 
stains,  and  to  be  published  shortly,  have 
brought  up  the  question  whether  these 
mononuclear  cells,  hitherto  taken  for 
lymphocytes,  are  not  to  be  considered  as 
histiocytes  instead  of  as  hiiiphocytes. 
Whatever  the  character  of  the  cells  may  be, 
they  do  assume  an  important  role  in  the 
warfare  of  the  organism  against  the  car- 
cinoma. My  belief  in  the  aforesaid  deduc- 
tions is  strengthened  by  the  especially 
intense  infiltration  of  round  cells  seen  in 
the  slowly  proliferating  carcinoma  rests 
after  irradiations. 

It  is  well  known  that  the  hTnphocytes 
are  the  most  sensitive  to  the  rays.  Large 
numbers  of  them  already  succumb  to 
small  radiation  doses.  If  this  is  correct, 
then  all  the  round  cells  normally  surround- 
ing the  carcinoma  are  destroyed  during 
each  irradiation  of  a  carcinoma  by  the 
doses  administered.  They,  therefore,  are 
disintegrated  in  situ.  The  liberated  proteins 
of  the  round  cells  and  the  peripheral  car- 
cinoma cells  are  thrown  into  the  tissues. 
To  me  it  seems  highly  probable  that  these 
split-up  proteins  contribute  an  essential 
role  in  the  destruction  of  the  carcinoma 
cells. 

I  am  not  yet  in  a  position  to  furnish  a 
direct  proof  for  the  correctness  of  this 
hypothesis.  Such  investigations  meet  with 
great  difficulties.  They  are  being  actively 
undertaken,  but  I  cannot  as  yet  make  any 
definite  statements  as  to  the  final  results. 
The  early  occurrence  of  the  changes  in  the 
cancer-cells  might  be  explained,  and  also 
the  observation  correctly  interpreted  why 
intensive  irradiations  fail  to  produce  the 
desired  results  and,  on  the  contrary,  excite 
the  cancer  to  limitless  proliferation.  It  is 
well  possible  that  a  too  intensive  irradia- 
tion may  destroy  the  defensive  material 
furnished  by  the  I\Tnphocytes.  Further, 
too  intense  an  irradiation  may  lead  to  a 
general  impairment  of  the  body,  which 
weakens  the  hematopoietic  organs  and 
impedes  the  further  supply  of  lympho- 
cytes. The  strongest  activating  forces  for 
the  production  of  new  hniphocytes  may 
be  found  in  the  absorption  of  the  dis- 
integration products  of  the  lymphocytes 
by  organs  forming  the  white  blood  cor- 
puscles. If  this  activating  factor  exceeds  a 


certain   limit,   it   may   lead   to  weakening 
instead  ot  a  stmiulation  of  their  production. 

This  conception  also  furnishes  the  expla- 
nation for  the  observation  that  cachectic 
patients  do  not  respond  to  irradiation,  for 
cachectic  patients  evince  an  absence  or  a 
scarcity  of  lymphocytes  and  leucocytes 
in  the  blood,  and  an  incapability  to  respond 
to  stimulation.  Therefore,  Recasens  ex- 
cludes from  irradiation  cachectic  patients 
and  those  affected  with  leucopenia. 

These  changes  in  the  lymphocytes  rep- 
resent only  part  of  the  effects  produced  by 
irradiation.  We  know  that  various  other 
effects  are  produced  by  irradiation,  and 
these  may  be  comprised  under  the  name 
"general  or  sj-stemic  effect."  They  are 
plainh^  observable  in  the  changes  occur- 
ring in  the  white  blood  picture.  The  red 
blood  corpuscles  also  undergo  changes.  A 
change  in  the  blood  coagulability  does  gen- 
erally not  take  place,  and,  according  to  our 
observations,  only  if  the  spleen  is  irradi- 
ated directly.  Partsch  has  made  similar 
observations.  It  is  quite  surprising  that 
in  a  large  proportion  of  cases,  irradiation  is 
immediately  followed  by  an  increased 
blood  pressure.  This  is  probably  due  to  a 
stimulation  of  the  suprarenal  capsule, 
particularly  of  its  cortex.  Investigations 
conducted  by  Hesse,  and  not  yet  pub- 
lished, show  that  direct  irradiation  of  the 
suprarenal  capsule  is  followed  by  its  quick 
destruction  and  a  considerable  diminution 
of  the  vasoconstricting  power  of  its  extract. 

Stephan  has  recently  published  similar 
observations  made  on  human  subjects. 
I  induced  Sickinger  to  make  experiments 
on  guinea-pigs,  and  he  demonstrated  that 
following  tne  irradiation  of  an  equally  large 
field  on  the  head  and  the  tail-end  as  well  as 
the  middle  of  the  body,  the  changes  in  the 
blood  picture  were  most  marked  in  the 
latter.  It  seems  to  me  that  irradiation  of 
parts  remote  from  the  suprarenal  capsule 
exercises  an  exciting  effect  upon  this 
sensitive  organ,  and  that  the  excitation 
may  be  produced  either  via  the  blood- 
stream, or,  perhaps,  be  due  to  a  weak  sec- 
ondary irradiation.  Furthermore,  it  has 
been  demonstrated  by  Behne  that  blood 
transfusion  from  an  irradiated  to  a  non- 
irradiated  animal  causes  the  same  blood 
changes  in  the  latter  as  produced  by  direct 
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irradiation.  Therefore  we  must  assume 
that  a  general  systemic  action  is  produced 
by  the  rays  which,  in  favorable  cases,  may 
promote  the  cure  of  cancer. 

The  general  effect  comprises  not  only  the 
conditions  just  mentioned,  but  also  applies 
to  others.  Kaznelson  and  Dourand  demon- 
strated that  quite  similar  effects  to  those 
seen  in  the  so-called  protoplasm  activation 
may  also  be  due  to  the  effects  of  irradiation. 
This  would  be  in  favor  of  the  view  that 
irradiation  implies  a  kind  of  excitation,  and, 
provided  the  proper  dose  is  administered, 
an  increase  in  the  defensive  forces  of  the 
organism,  for  the  cure  of  cancer  is  to  be 
regarded  as  the  outcome  of  a  combat 
between  the  invading  "parasitic"  cancer- 
cells  and  the  body. 

We  were  in  the  position  to  furnish  also 
an  experimental  proof  of  the  favorable 
action  of  the  constitutional  reaction.  If  we 
irradiate  mice,  either  with  large  doses  on  a 
small  field,  or  totally,  then,  after  a  certain 
dose  has  been  reached,  the  healthy  non- 
incculated  animals  will  succumb  after 
from  three  to  seven  days,  and,  in  the  major- 
ity of  instances,  already  on  the  third  day 
after  irradiation.  But  if  the  animals  are 
inoculated  with  a  tumor  emulsion  some- 
time before  the  third  day,  they  will  live. 
In  the  majority  of  cases,  successful  growth 
of  the  tumor  which  possesses  a  positive 
take  of  lOO  per  cent,  will  be  prevented. 
This  shows  that  (i)  the  toxins  which  are 
produced  in  the  body  as  the  result  of 
irradiation  are  agglutinated  by  inoculated 
carcinoma  cells,  and  (2)  that  this  agglutina- 
tion engenders  an  mipairment  of  the  car- 
cinoma cells,  or,  at  least,  renders  more 
difficult  their  growth. 

Moreover,  we  have  seen  that  peculiar 
and  quite  typical  changes  also  take  place 
in  the  non-irradiated  cutaneous  tissue  of 
mice,  as  early  as  a  few  hours  after  irradia- 
tion. They  consist  especially  in  the  appear- 
ance of  large  cells  in  the  skin,  serous 
swelling  of  the  entire  connective-tissue,  and 
degenerative  processes  in  the  cutaneous 
glands.  All  these  changes  take  place  with  a 
surprising  rapidity.  In  my  opinion,  one 
should  not  a  priori  reject  the  supposition 
that  the  changes  obscr\ed  in  the  carcinoma 
cells  are,  at  least  partly,  due  to  those  pro- 
duced by  irradiation  in  the  whole  organism. 


Experiments  were  made  in  order  to 
ascertain  the  influence  exercised  upon 
carcinomatous  tissues  outside  of  the  body. 
So  far,  we  never  succeeded  in  pro\ing  the 
loss  of  the  transplantability  of  carcinoma 
cells  by  inoculation  through  direct  irradia- 
tion with  a  dose  exceeding  the  so-called 
"carcinoma  dose."  These  experiments 
agree  with  those  of  Keyser,  but  are  con- 
trary to  Wood  and  Prime's  obser\ations, 
which  are  based  on  numerous  animal  exper- 
iments. This  question,  therefore,  needs 
further  elucidation.  Such  contradictory 
findings  are  possibly  due  to  a  difference  in 
carcinoma  material.  However,  by  acci- 
dental experiments  on  human  beings  the 
fact  has  been  established  that  irradiation 
doses  which  destroy  connective  tissue  may 
spare  active  cancer-cells. 

A  carcinoma  dose  as  propounded  by 
Seitz  and  Wintz  does  not  exist.  We  agree 
with  W'erner,  Jiingling,  W^end  and  others, 
and  cannot  admit  that  a  dose  which  lies 
between  90  and  iio  per  cent  of  the  ery- 
thema skin  dose  will  regularly  induce  a 
retrogression  or  cure  of  the  carcinoma. 
Even  for  uterine  and  mammary  carci- 
nomata, which,  excepting  the  cutaneous 
carcinomata,  offer  the  most  favorable  con- 
ditions for  the  irradiation  treatment,  a  dose 
in  this  sense  cannot  be  admitted.  Carci- 
nomata in  other  localities,  which  differ 
histologically  and  biologically  from  the 
uterine  and  mammary  carcinomata,  also 
respond  quite  differently  to  irradiation. 
The  location  of  the  tumor  is  of  the 
utmost  importance  in  the  various  forms  of 
cancer.  If  we  irradiate  a  uterine  or  mam- 
mary carcinoma,  none  of  the  important 
endocrine  glands  are  exposed  to  the  action 
of  the  rays;  but,  in  cases  of  cancer  of  the 
stomach  it  can  never  be  avoided — not 
CNen  with  the  method  of  Hohlfelder — that 
the  suprarenal  glands,  the  pancreas  and  the 
spleen,  receive  large  quantities  of  rays.  It  is 
not  necessary  that  the  organs  are  directly 
struck  by  the  cone  of  rays.  For  tissues  as 
sensitive  as  the  suprarenal  capsule,  the 
secondary  irradiation,  which  is  abundantly 
present  just  outside  the  periphery  of  the 
cone  of  rays,  is  harmful,  especially  since 
its  effects  must  be  added  to  the  general 
crt'ect. 
Our    obser\  ations    suggest    still   another 
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conclusion,  namely,  the  ideal  of  a  perma- 
nent destruction  of  the  carcinoma  by  one 
strong  irradiation  can  be  realized  only  in  a 
few  cases.  Therefore,  we  believe  it  is  better 
to  employ  frequent  and  small  doses  than  an 
intense  irradiation  in  one  sitting,  lest  a 
violent  general  reaction  and  an  impair- 
ment of  the  connective  tissue  adjoining 
the  carcinoma  thwart  the  curative  effect. 
Besides  the  above-mentioned  facts  re- 
garding irradiation  of  the  carcinoma,  the 
following  points  are  of  the  utmost  impor- 
tance for  practical  purposes: 

First,  the  question  of  dosage.  The  general 
tendency  prevails  today  to  regard  as  a 
dose  only  that  quantity  of  rays  which  is 
applied  to  the  seat  of  the  disease.  I  con- 
tend that  this  view  is  fundamentally 
wrong.  In  measuring  the  dose,  we  must 
take  account  of  the  entire  energy  of  the 
rays  absorbed  by  the  irradiated  body. 
The  fact  that  this  contention  has  almost 
always  been  overlooked  explams  a  large 
number  of  failures.  In  studying  this  ques- 
tion experimentally,  we  were  able  to  show 
that  mice  which  bore  on  a  limited  skin 
area  a  radiation  dose  up  to  490  e  would 
succumb  if  the  whole  body  was  irradiated 
with  a  dose  of  50  e,  and  only  a  few  mice 
survived  a  dose  of  25  e,  while  mice  already 
inoculated  with  carcinoma  were  generally 
able  to  endure  such  doses.  This  shows  the 
strong  influence  of  the  "general  action" 
upon  the  animal,  and  also  the  influence  of 
the  effect  of  the  rays  in  relation  to  the 
particular  state  of  health  of  the  animal. 
Furthermore,  in  the  mouse,  a  retro- 
gression of  the  carcinoma  cannot  be 
effected,  not  even  with  doses  which  reach 
the  limit  of  the  animal's  endurance,  if  the 
irradiation  is  restricted  to  the  tumor 
itself.  Retrogressive  processes  can  only  be 
obtained  when  a  larger  field  is  selected,  so 
that  also  the  parts  surrounding  the  tumor 
are  exposed  to  the  rays. 

The  topographical  relations  also  have  to 
be  taken  into  consideration.  If  we  irradiate 
the  extremities,  the  effect  will  be  differ- 
ent from  that  following  the  irradiation  of 
the  trunk.  Also,  with  an  equally  irradi- 
ated volume  (as  shown  in  experiments  with 
guinea-pigs),  an  equally  large  field  at  the 
head  and  tail-end  will  show  a  smaller 
influence    upon    the    blood    picture    than 


irradiation  of  the  middle  of  the  body,  near 
the  suprarenal  capsule  (Sickinger).  From 
this  we  conclude  that  the  action  upon  the 
endocrine  glands,  especially  the  pancreas, 
spleen,  liver,  thyroid,  thymus  and  the 
intestines  is  not  without  influence  upon 
the  effect  of  the  rays. 

Furthermore,  differences  are  caused  by 
the  quality  and  also  the  quantity  of  the 
radiation.  The  question  remains  open 
whether  the  short-wave  rays  obtained  from 
radium  and  mesothorium  will,  with  an 
equal  dose,  produce  the  same  efTect  as  the 
long-wave  rays  produced  with  the  highest 
voltages  and  strongest  filtration  as  at  pres- 
ent used  by  our  foremost  roentgenologists. 

I  must  be  satisfied  with  these  brief 
remarks.  The  problem  is  exceedingly  intri- 
cate, and  will  later  be  more  fully  discussed 
in  detail.  At  any  rate,  we  know  absolutely 
that  the  size  of  the  field,  the  focus-skin 
distance,  the  hardness  of  the  ray,  radium 
or  mesothorium  or  .v-rays,  and  the  method 
of  their  application  explain  the  great  differ- 
ences in  the  local  as  well  as  the  general 
effect  reported  in  the  literature.  The 
reports  on  the  action  of  rays  issued  by 
different  authors  can  frequently  not  be 
compared  with  one  another. 

If  it  is  true  that  with  a  single  irradiation 
and  correct  dose  the  cancer-cells  are  not 
completely  destroyed,  but  that  a  number 
of  them  remain  in  an  inactive  state,  then 
two  ways  are  open  to  change  the  mere 
arrest  of  the  carcinoma  to  a  complete  cure: 
namely,  (i)  the  subsequent  destruction  of 
the  remaining  cancer-cells  or  (2)  the  activa- 
tion of  the  body  so  that  it  will  be  able  to 
destroy  the  cancer-cells  or  furnish  an 
unfavorable  soil  for  any  further  growth  of 
the  carcinoma.  The  latter  possibility  is 
inferable  from  the  fact  that  there  is 
evidently  a  carcinomatous  diathesis  as 
suggested  by  Theilhaber,  who  separates 
the  "cancer  disease"  from  the  local  mani- 
festations of  cancerous  proliferatiop.  For 
both  conceptions  many  methods  are  avail- 
able. The  complete  destruction  of  the  can- 
cer-cells may  be  attempted  by  repeated 
irradiations.  The  second  aim  may  be 
brought  about  by  a  stimulation  of  the 
connective  tissue,  a  restoration  and  reac- 
tivation of  the  bodily  vigor,  a  stimulation 
of  the  lymphocytosis,  an  excitation  of  cer- 
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tain  endocrine  glands,  special  methods  oi 
diet,  a  hyperemization  of  the  scar  tissue 
formed  after  irradiation,  a  surgical  inter- 
vention, and  many  other  methods.  Both 
are  often  intimately  related  with  or  supple- 
ment each  other.  These  few  suggestions 
must  suffice,  for  we  have  at  our  disposal  a 
great  number  of  possibilities.  In  the  opin- 
ion of  some  observers,  the  sensibilization 
of  the  carcinoma  prior  to  irradiation  has 
often  been  successful. 

Volz's  recent  investigations  have  verified 
the  theory  enunciated  by  me  long  ago: 
namely,  that  the  sensibility  of  a  tissue  to 
the  action  of  the  rays  depends  to  a  large 
extent  on  its  actual  condition.  By  the 
incitation  of  certain  influences  we  un- 
doubtedly can  raise  or  lower  the  sensi- 
bility to  the  action  of  the  rays.  The  latter 
has  actually  been  effected  by  anemization 
of  the  skin.  Hyperemization  raises  the 
sensibility — a  fact  which  may  be  utilized 
in  the  irradiation  of  a  carcinoma.  Little 
hope  can  be  based  on  the  introduction  of 
secondary  rays  with  the  view  of  enhancing 
the  effect  of  irradiation.  Friedrich  and  his 
co-laborers  have  experimentally  proven 
that  an  increase  of  the  secondary  rays  by 
the  introduction  of  iodine,  metal  salts,  and 
similar  radiators,  does  not  increase,  but 
on  the  contrary,  decreases  the  quantity 
of  rays.  The  decrease  depends  on  the  con- 
centration of  the  solution  and  amount  of 
the  secondary  radiator.  Therefore,  we 
cannot  expect  any  success,  at  least  not  in 
this  direction,  from  the  introduction  of 
metal  salts  by  diaphoresis  (copperiza- 
tion — Wintz-Seitz).  However,  by  catalyp- 
tic  or  other  activating  effects  upon  the 
biologic  object,  the  action  of  the  rays  may 
be  increased.  The  assertion  that  we  are 
dealing  with  an  increased  secondary  irra- 
diation, therefore,  is  erroneous.  If  really  an 
increase  in  the  action  of  the  rays  has  been 
attained  by  the  introduction  of  metal  salts, 
etc.,  this  increase  is  to  be  ascribed  to  the 
sensibilization  through  diaphoresis,  which 
might  as  well  be  obtained  by  diathermy  or 
mechanical   and   themiic    hyperemization. 

We  have  pointed  out  repeatedly  that  the 
condition  of  the  patient  is  of  great  impor- 
tance. In  case  ot  a  pronounced  cachexia, 
neither  the  skin  nor  tne  tumor  will  respond 
to    irradiation.    To    a    large    extent,    this 


phenomenon  may  be  due  to  the  frequently 
observed  leucopenia,  as  suggested  by 
Recasens,  though  it  is  certainly  not  the 
only  cause.  At  any  rate,  it  is  useless  to 
employ  irradiation  in  obviously  cachectic 
subjects,  as,  by  this  procedure,  we  would 
achieve  nothing  but  the  hastening  of  death. 

In  an  intelligent  .v-ray  treatment  we 
must,  first  of  all,  aim  at  the  relief  of  the 
cachexia,  which,  in  some  cases,  may  be  suc- 
cessfully accomplished  by  suppression  of 
the  ichorous  discharge  and  stimulation  of 
the  organisms  by  internal  remedies  (e.g., 
arsenical  iron,  protoplasma  activation, 
blood  transfusion,  etc.).  However,  in  such 
desperate  cases,  we  frequently  must  be 
satisfied  to  alleviate  the  patient's  suffering 
by  the  employment  of  the  above-men- 
tioned remedies,  combined  with  cautiously 
repeated  irradiations.  Thus  a  tolerable 
condition  can  be  procured  and  the  patient's 
life  prolonged. 

In  this  kind  of  treatment  we  must  dis- 
tinguish between  two  things:  (i)  an  anti- 
toxic effect  upon  the  body,  as  frequently 
observed  in  animal  experiments.  By  the 
employment  of  certain  therapeutic  meth- 
ods it  is  possible  to  reduce  the  influence  of 
the  tumor  on  the  host  to  such  a  degree  that 
tumors  of  an  enormous  size  may  become 
of  negligible  importance,  though  untreated 
animals  may  succumb  to  considerably 
smaller  tumors.  (2)  The  immediate  effect 
upon  the  tumor  itself,  the  arrest  of  its 
growth,    and    its    eventual    destruction. 

These  observations  draw  our  attention 
to  the  subject  of  immunity.  It  has  been 
proven  beyond  the  shadow  of  a  doubt  that 
a  sort  of  immunity  against  tumors  is 
observed  in  animal  experiments.  I  wish  to 
refer  briefly  to  the  investigations  of  Jensen, 
Ehrlich,  Gaylord,  Cowes,  Apoland,  von 
Dungern,  Baishford,  Konigsfeld,  Keyser, 
and  many  others.  I  performed  such  experi- 
ments with  animals  as  well  as  human 
subjects  in  1900  and  the  following  years. 
In  a  case  of  inoperable  rectal  carcinoma, 
I  observed  a  retrogression  lasting  at  least 
two  years  which  was  induced  by  passive 
immunization.  Unfortunately,  I  could 
not  follow  up  the  case  longer  than  two 
years.  I  do  not  have  the  least  doubt 
that  there  is  an  active  as  well  as  a  passive 
immunity    against    tumors.    Whether   the 
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facts  agree  with  Lewin's  recent  statements 
to  the  effect  that  we  are  merely  deahng 
with  a  question  of  the  white  blood  picture, 
seems  to  be  doubtful.  I  do  believe  that 
besides  the  general  predisposition,  a  protec- 
tive force  against  the  formation  of  tumor 
and  tumor  transplantation,  i.e.,  a  specific 
immunity,  exists.  We  have  begun  new 
investigations  in  this  direction.  We  cannot 
as  yet  report  the  findings.  We  should  not 
overlook  this  possibility  when  raying 
patients.  Active  immunization  processes  in 
the  breaking  down  of  the  carcinoma  under 
the  influence  of  the  rays  are  of  great  im- 
portance for  permanent  results. 

We  have  already  drawn  practical  con- 
clusions from  these  researches  of  radiation 
therapy,  embodied  them  in  the  technique 
and  observed  the  most  pleasing  results. 
We  meet  but  few  cases  of  uterine  and 
mammary  carcinoniata  in  which  we  fail 
to  bring  about  an  immediate  retrogression 
by  our  irradiation  methods,  supplemented 
by  all  possible  accessory  methods,  without 
ever  observing  any  permanent  injuries, 
such  as  skin  burns,  the  formation  of 
fistulas,  etc. 

We  proceed  In  the  following  manner: 
Each  case  is  submitted  to  the  most  careful 
examination;  site  and  extension  of  the 
tumors  are  ascertained  with  the  aid  of 
schematic  diagrams  and  then  the  irradia- 
tion program  is  drawn  up.  In  uterine 
carcinoma  we  always  use  radium  rays 
supplemented  by  x-rays;  in  mammary 
carcinomata  we  generally  employ  only 
roentgen  rays.  The  Ideal  to  destroy  com- 
pletely the  carcinoma  by  means  of  a  single 
irradiation  must  be  considered  as  unattain- 
able, with  the  exception  of  a  few  incipient 
and  especially  favorable  cases.  We  give 
frequent  Irradiations  at  intervals  of  from 
six  to  eight  weeks  with  doses  which,  at 
least  with  roentgen  rays,  never  reach  the 
so-called  "carcinoma  dose." 

Stimulating  irradiations  of  thymus  and 
spleen,  likewise  at  repeated  sittings,  are 
employed   as  adjuvants.   Also   the   use  of 


caseosan,  blood  transfusion,  arsenical  iron, 
hyperemlzatlon  of  the  irradiation  area,  and 
immunization. 

The  method  of  treatment  may  be  sum- 
marized in  the  following  rules: 

1.  Retrogression  of  the  cancer  Is  not 
solely  due  to  the  local  action  of  the  rays, 
but  it  is  to  be  considered  as  a  function  of 
the  whole  organism  that  has  been  attacked 
by  cancer.  The  organism  is  activated  by 
the  irradiation. 

2.  The  elements  of  these  activating 
forces  are  contained  in  the  healthy  tissues 
surrounding  the  cancer,  the  blood,  and  prob- 
ably also  the  endocrine  glands.  Including  the 
spleen  (reticular-epithelial  apparatus). 

3.  A  "carcinoma  dose"  according  to  the 
definition  of  Seitz  and  Wintz,  that  is  to 
say,  a  curative  action  upon  every  variety  of 
cancer  by  a  dose  of  rays  of  from  90  to  100  per 
cent  of  the  erythema  skin  dose,  does  not 
exist.  However,  in  the  majority  of  cases  of 
mammary  and  uterine  cancers  a  retrogres- 
sion may  be  expected  from  the  administra- 
tion of  this  dose  (Holzknecht).  This 
carcinoma  dose  proposed  by  Kroenig  is 
therefore  still  useful. 

4.  Experience  teaches  that  frequently 
repeated  irradiations  with  a  dose  which 
does  not  quite  reach  the  amount  of  the 
carcinoma  dose  are  productive  of  the  best 
permanent  results.  The  most  favorable 
results  are  observed  from  a  combination  of 
radium  and  x-rays. 

5.  An  over-dosation  is  to  be  considered 
as  especially  dangerous  because  it  weakens 
the  local  as  well  as  the  general  defensive 
forces  of  the  body. 

6.  The  posological  question  requires  an 
elucidation  on  account  of  the  systemic 
action  of  the  rays. 

7.  The  therapeutic  eflects  of  irradiation 
can  be  augmented  by  the  employment  of 
various  auxiliary  remedies. 

8.  The  best  results  are  only  obtainable 
if  the  method  of  irradiation  is  adjusted  to 
the  particular  conditions  of  each  individual 
case. 
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IF  a  Hittorf  vacuum  tube,  a  Lenard  tube 
pumped  sufFiciently  high,  a  Crookes 
tube,  or  a  similar  apparatus  is  covered  with 
a  rather  closely-fitting  shell  of  thin  black 
pasteboard,  if  then  the  current  from  a 
rather  large  induction  coil  is  sent  through 
this  tube,  and  if  a  paper  screen  covered 
with  barium  platino-cyanide  is  brought 
near  the  tube  in  a  completely  darkened 
room,  the  screen  will  be  seen  to  light  up 
brilliantly  and  to  fluoresce,  regardless  of 
whether  the  coated  side  or  the  other  side 
is  turned  toward  the  apparatus. 

It  is  easily  proved  that  the  cause  of  the 
fluorescence  has  its  source  in  the  tube 
and  in  no  other  place. 

2.  Most  surprising  in  this  phenomenon  is 
the  fact  that  some  agent  penetrates  a 
black  pasteboard  shell,  which  does  not 
allow  passage  of  visible  or  ultraviolet 
rays  of  the  sun  or  of  the  electric  arc,  and 
that  this  agent  can  cause  brilliant  fluores- 
cence. The  next  question  is  whether  other 
bodies  possess  the  same  property:  i.e., 
are  transparent  to  this  agent. 

It  soon  becomes  evident  that  all  other 
bodies  are  transparent,  but  in  greatly 
varying  degrees.  For  example,  paper  is 
very  transparent.'  Behind  a  bound  book  of 
about  1000  pages,  I  saw  the  screen  light  up 
distinctly,  the  black  ink  of  the  print  appar- 
ently offering  no  resistance.  In  the  same 
way  the  screen  lit  up  behind  a  double  pack 
of  cards.  The  effect  of  a  single  card  between 
the  apparatus  and  the  screen  could  hardly 
be  noted  by  the  eye.  Also,  one  piece  ot 
tinfoil  had  little  appreciable  effect;  and 
only  when  several  layers  were  placed  one 
on  top  of  another  could  a  shadow  be  dis- 
tinctly seen  on  the  screen.  Thick  blocks 
of  wood  are  transparent.   Two   to  three 

•Physikalischc  Institut  der  Univcrsitut,  Wurzburg,  December. 
1895. 

»  By  transparency  (Durchsechtigkeit)  I  mean  the  relation 
between  the  briRhtncss  of  a  fluorescent  screen  when  held  closely 
behind  a  body  and  its  brilliance  under  the  same  conditions 
except  that  the  body  no  longer  intervenes. 


centimeters  of  pine  wood  absorbed  very 
little.  A  layer  of  aluminum   15  cm.  thick 
weakened  the  effect  very  much,  but  was 
not  sufficient  to  efface  entirely  the  fluores- 
cence.   Hard    rubber    discs,    even    several 
centimeters  thick,  were  transparent  to  the 
rays.-  Glass  plates  of  the  same  thickness 
differed   according  to   whether  they   con- 
tained lead  (flint  glass)  or  not,  the  former 
being    much    less    transparent    than    the 
latter.  If  one  holds  his  hand  between  the 
tube  and  the  screen,   he  sees  the  darker 
shadows  of  the  bones  in  the  lighter  shadow 
of  the  hand  itself.  Water,  carbondisulphide 
and    various    other    liquids    experimented 
upon  in  mica   vessels  pro\ed  to  be  very 
transparent.    I    could    not    discover    that 
hydrogen  was  more  transparent  than  air. 
A    fluorescence    could    still    be   distinctly 
noted    behind    plates    of    copper,    silver, 
lead,  gold  and  platinum,  but  only  when  the 
layer  was  not  too  thick.  Platinum  0.2  mm. 
thick  is  still  transparent;  silver  and  copper 
can  be  thicker.  Lead  1.5  mm.  thick  is  as 
good  as  impenetrable,  and  was  used  repeat- 
edly on  account  of  this  property.  A  stick 
of  wood  with  a  square  cross  section  (20  X 
20),  one  side  of  which  was  covered  with 
white  lead,  produced  the  following  result 
when  held  between  the  tube  and  the  screen: 
It  was  almost  entirely  incflective  when  the 
x-rays    passed    through    parallel    to    the 
treated  side,  but  it  threw  a  dark  shadow 
when  the  rays  had  to  penetrate  the  white 
lead.  The  salts  and  solutions  of  the  metals 
follow  the  same  order  as  the  metals  accord- 
ing to  their  transparency. 

3.  These  experimental  results  and  others 
lead  to  the  conclusion  that  the  trans- 
parency of  the  different  substances,  assum- 
ing equal  thickness,  is  qualified  by  their 
densitv. 


=  For  the  sake  of  brevity,  I  have  used  the  expression  "rays" 
("Strahlen"),  and  in  order  to  differentiate  from  others,  the 
term  "x-rays." 


320 


Concerning  a   New   Kind  of  Raj' 


^21 


That  density  is  not  the  only  factor  is 
proved,  however,  by  the  following 
experiments.  I  in%estigated  the  trans- 
parency of  nearly  equal  thicknesses  of  glass, 
aluminum,  calcite  and  quartz.  The  densi- 
ties of  these  substances  are  almost  equal, 
yet  it  was  evident  that  the  calcite  was 
noticeably  less  transparent  than  the  others, 
the  other  three  being  practically  the  same. 
I  did  not  obser\e  a  particularly  strong 
fluorescence  of  the  calcite  itself — par- 
ticularly strong,  that  is,  in  comparison  with 

4.  With  increasmg  thickness  all  bodies 
become  less  penetrable.  In  order  to 
determine  a  possible  relationship  between 
transparency  and  thickness,  I  made 
photographic  pictures  in  which  the  plates 
were  covered  partially  by  tinfoil  of 
gradually  increasing  thickness.  A  pho- 
tometric measurement  will  be  made  when 
I  get  a  suitable  photometer. 

5.  Plates  of  platinum,  lead,  zinc  and 
aluminum  were  rolled  out  to  such 
thicknesses  that  they  seemed  to  be  about 
equally  transparent.  The  following  table 
contains  the  thickness  in  millimeters,  the 
ratio  of  thickness  to  that  of  platinum,  and 
the  density. 

Thickness,  Relative 

Mm.  Thickness  Density 

Platinum 0.018  i  21.5 

Lead 0.05  3            11. 3 

Zinc o.io  6             71 

Aluminum     3.5  200              2.6 

From  these  values  it  is  to  be  gathered 
that  metals  are  by  no  means  of  similar 
transparency  when  the  products  of  their 
thickness  and  density  are  equal.  The 
transparency  increases  in  much  stronger 
proportion    as    the    product    diminishes. 

6.  The  fluorescence  of  barium  platino- 
cyanide  is  not  the  only  notable  effect  of 
the  x-rays.  Of  next  importance  is  the  fact 
that  other  bodies  fluoresce;  for  example, 
certain  well-known  combinations  of  cal- 
cium and  phosphorus,  uranium  glass, 
ordinary  glass,  calcite,  rock  salt,  etc. 

Of  special  significance,  in  many  respects, 
is  the  fact  that  photographic  plates  have 
proved    sensitive    to    the    .\-rays.    Many 

Ehenomena  can  thus  be  registered,  where- 
y  mistakes   are   more  easily  avoided.    I 
have  checked  every  important  observation 


which  I  saw  on  the  screen  by  photographs 
wh  ere^■er  possible. 

The  ability  of  the  rays  to  penetrate, 
almost  unhindered,  thin  sheets  of  wood, 
paper  and  tinfoil  is  very  useful,  for  the 
pictures  can  be  made  in  a  lighted  room  with 
plates  enclosed  in  a  cassette  or  wrapped 
in  paper.  On  the  other  hand,  an  undeveloped 
plate  protected  only  by  paper  or  paste- 
board cannot  be  left  very  long  in  the 
neighborhood  of  the  tube. 

It  seems  to  be  still  uncertain  whether 
the  chemical  effect  on  the  silver  salt  of  the 
plate  comes  directly  from  the  x-rays.  It 
is  possible  that  this  effect  is  produced  by 
the  fluorescent  light  which  arises  in  the 
glass,  as  stated  above,  or  perhaps  in  the 
gelatin  layer.  However,  fdms  can  be  used 
as  well  as  glass  plates. 

I  have  not  yet  tried  to  determine  whether 
x-rays  can  produce  heat,  but  this  can 
readily  be  assumed  when  the  readiness  of 
the  rays  to  be  converted  is  demonstrated 
through  the  phenomenon  of  fluorescence, 
and  when  it  is  certain  that  all  rays  falling 
on  bodies  leave  them  as  before. 

The  retina  of  the  eye  is  not  sensitive  to 
the  rays.  The  eve  sees  nothing  when 
brought  close  to  the  tube,  although  In  the 
light  of  experiments  made  so  far,  the 
media  of  the  eye  must  be  sufficiently 
transparent. 

7.  After  determining  the  transparency 
of  different  bodies  of  relative  thickness,  I 
hastened  to  in\'estlgate  the  behavior  of  the 
rays  in  passing  through  a  prism — whether 
they  are  refracted  or  not.  Experiments 
with  water  and  carbondisulphlde  in  mica 
prisms  of  30-degree  angles  have  shown  no 
refraction,  either  on  the  screen  or  on  a 
plate.  For  comparison,  the  refraction  of 
light  rays  was  observed  under  the  same 
conditions;  the  refracted  beams  fell  on  the 
plate  about  10  mm.  and  20  mm. 
respectively  from  the  position  of  the  direct 
beam.  With  a  hard  rubber  and  an 
aluminum  prism  I  have  secured  pictures  in 
which  one  could  perhaps  recognize  a 
deviation.  The  fact  is  very  uncertain, 
however,  and  the  deviation,  even  if  present. 
Is  so  small  that  the  Index  of  refraction  of 
the  rays  for  these  substances  can  at  most 
be  1.05.  In  this  case  also  I  could  observe 
no  deviation  with  the  screen. 
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On  account  of  the  slight  transparency 
and  the  consequent  low  intensity  of  the 
rays  that  got  through,  experiments  with 
thicker  metals  have  so  far  given  no  certain 
results. 

Owing  to  the  importance  of  the  question 
as  to  whether  x-rays  can  be  refracted  or 
not  in  passing  from  one  medium  to  another, 
it  is  fortunate,  under  the  circumstances, 
that  prisms  are  not  the  only  mode  of  inves- 
tigation. Because  of  refraction  or  reflection, 
finely  powdered  bodies  in  sufficiently 
thick  layers  let  very  little  light  through. 
If,  then,  powder  is  of  the  same  trans- 
parency for  x-rays  as  the  coherent  sub- 
stances (assuming  equal  masses),  it  is 
proved  that  neither  refraction  nor  regular 
reflection  is  present  in  sufficient  degree  to 
be  observed.  The  experiment  was  carried 
out  with  finely  pulverized  rock  salt,  with 
fine  silver  powder  obtained  through  elec- 
trolysis, and  with  the  zinc  dust  used  so 
much  in  chemical  experiments.  In  each 
case  no  difference  in  transparency  between 
the  powder  and  the  coherent  substance 
was  shown,  either  by  observation  or  by  a 
photographic  plate. 

After  the  foregoing,  it  is  apparent  that 
x-rays  cannot  be  concentrated  bj'  means  of 
lenses.  A  large  hard  rubber  lens  and  a  glass 
lens  proved  to  have  no  effect.  The  shadow 
picture  of  a  round  stick  is  darker  in  the 
middle  than  at  the  rim;  that  of  a  tube, 
filled  with  some  substance  which  is  more 
transparent  than  the  material  of  the  tube,  is 
lighter  in  the  middle  than  at  the  rim. 

8.  The  question  of  the  reflection  of  the 
x-rays  is  to  be  regarded  as  settled,  since  in 
the  experiment  of  the  foregoing  paragraph 
no  regular  reflection  could  be  noted  in  any 
of  the  substances  investigated.  Other 
experiments  lead  to  the  same  conclusion. 

One  observation  seems  to  prove  the 
opposite  at  first  glance.  I  exposed  a  plate 
protected  by  black  paper  to  the  x-rays 
with  the  glass  side  toward  the  tube.  The 
sensitive  side  was  covered  with  polished 
sheets,  with  the  exception  of  one  portion, 
of  platinum,  lead,  zinc,  and  aluminum, 
arranged  in  the  form  of  a  star.  It  can  be 
seen  distinctly  on  the  de\eloped  plate  that 
the  darkening  under  the  platinum,  the 
lead,  and  particularly  under  the  zinc,  is 
stronger   than    in    the    other   areas.    The 


aluminum  had  practically  no  effect.  It 
consequently  appears  that  these  three 
metals  reflect  the  rays.  Other  causes, 
however,  might  account  for  the  darkening; 
and  in  a  second  experiment,  in  order  to  be 
doubly  certain,  I  laid  a  piece  of  thin  sheet 
aluminum,  which  was  opaque  to  ultraviolet 
rays  but  transparent  for  x-rays,  between 
the  gelatin  layer  and  the  metal  sheets. 
Since  essentially  the  same  result  was  again 
obtained,  a  reflection  of  the  x-rays  from 
these  metals  is  established. 

If  this  observation  is  considered  with 
the  observation  that  powders  are  as  trans- 
parent as  the  solid  bodies;  further,  that 
bodies  with  rough  surfaces  behave  exactly 
the  same  as  polished  bodies  (as  in  the  last 
experiment)  in  relation  to  the  passage  of 
the  rays,  the  conclusion  is  reached  that 
there  is  not  a  regular  reflection,  but  that 
the  bodies  stand  in  the  same  relation  to  the 
rays  that  opaque  media  do  to  light. 

Since  I  could  not  prove  a  refraction  in 
passage  from  one  medium  to  another,  it 
seems  that  the  x-rays  move  with  the  same 
speed  in  all  bodies,  and  thus  in  a  medium 
which  is  present  everywhere  and  in  which 
the  molecules  are  imbedded.  The  latter 
furnish  an  obstacle  to  the  progress  of  the 
x-rays,  and,  generally  speaking,  in  pro- 
portion to  the  thickness  of  the  opposing 
body. 

9.  It  would  also  seem  possible  that  the 
arrangement  of  the  molecules  in  the  bodies 
might  have  an  influence  on  the  penetration 
of  the  rays;  for  example,  that  a  piece  of 
calcite  would  differ  in  transparency  accord- 
ing to  whether  the  rays  went  through 
perpendicular  to  the  axis  or  parallel  to  it, 
the  thickness  being  the  same  both  waj's. 
E.xperiments  with  calcite  and  quartz  have, 
hovve\er,  given  negati%e  results. 

10.  As  is  well  known,  Lenard,  in  his 
beautiful  experiments  on  the  Hittorf 
cathode  rays  passing  through  a  thin  sheet 
of  aluminum,  came  to  the  conclusion 
that  these  rays  are  agitations  in  the  ether, 
and  that  they  scatter  diffusely  in  all  bodies. 
We  could  say  the  same  of  our  rays. 

In  his  last  work,  Lenard  has  determined 
the  absorption  power  of  different  sub- 
stances for  the  cathode  rays,  and  among 
others,  that  for  air  at  atmospheric  pressure, 
his  figures  being  4.10,   3.40  and  3.10  per 
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cm.,  depending  upon  the  degree  of  exhaus- 
tion of  the  gas  in  the  tube.  In  order  to 
estimate  the  potential  on  the  tube  from 
the  spark-gap,  I  have  used  tubes  moder- 
ately exhausted,  for  the  most  part,  and  have 
seldom  worked  with  very  high  or  very  low 
vacua.  By  means  of  the  L.\\'ebcr  photometer 
(I  did  not  have  a  better  one)  I  succeeded 
in  comparing  the  intensity  of  the  fluores- 
cent light  from  my  screen  in  air  at  two 
distances  from  the  tube — about  100  mm. 
and  200  mm. — and  I  found  in  three 
experiments,  in  which  fairly  similar  results 
were  obtained,  that  the  intensity  varied 
inversely  as  the  square  of  the  distance  of 
the  screen  from  the  tube.  Therefore,  the 
air  absorbs  much  less  of  the  x-rays  passing 
through  it  than  of  the  cathode  rays. 
This  conclusion  agrees  with  the  observation 
mentioned  above,  that  the  fluorescence 
can  be  seen  even  at  a  distance  of  2  meters 
from  the  tube. 

In  general,  other  bodies  have  this  same 
property:  that  is,  they  are  much  more 
transparent  to  the  .v-rays  than  to  the 
cathode  rays. 

1 1 .  A  further  very  noteworthy  differ- 
ence between  the  behavior  of  the  cathode 
raj's  and  that  of  the  x-rays  lies  in  the  fact 
that  after  much  trouble,  I  have  not 
succeeded  in  bending  the  x-rays  bj'  means 
of  the  magnet,  even  with  very  strong 
magnetic  fields. 

Up  to  date,  this  deflection  has  been  one 
of  the  characteristics  of  the  cathode  rays. 
Hertz  and  Lenard  did  observe  that  there 
were  different  kinds  of  rays  which  were 
differentiated  by  "their  ability  to  produce 
phosphorescence,  their  absorption,  and 
their  deflection  by  a  magnet,"  but  a 
noticeable  deflection  was  nevertheless 
observed  in  all  cases  tried  by  them,  and 
I  believe  this  characteristic  cannot  be 
overlooked  without  very  good  reason. 

12.  After  several  experiments  under- 
taken for  the  special  purpose,  it  is  estab- 
lished that  the  place  on  the  wall  of  the 
tube  which  fluoresces  most  strongly  is  to 
be  regarded  as  the  principal  source  of  the 
x-rays,  which  go  out  in  all  directions.  The 
x-rays  arise  at  the  spot  where,  according  to 
the  reports  of  various  investigators,  the 
cathocfe  rays  strike  the  glass  wall.  If  the 
cathode  rays  are  deflected  within  the  tube 


by  magnet,  it  is  seen  that  the  source  of  the 
x-rays  shifts  so  that  it  is  still  at  the  end  of 
the  cathode  stream. 

On  this  ground  also,  the  x-rays,  which 
are  non-deviable,  cannot  be  considered 
as  simply  unchanged  cathode  rays  which 
have  penetrated  the  glass  wall  and  have 
been  scattered  in  all  directions.  The  greater 
thickness  of  the  glass  wall  of  the  tube 
cannot  be  considered  as  responsible  for 
such  great  variations  in  deviation. 

I  come,  therefore,  to  the  conclusion  that 
x-rays  are  not  identical  with  cathode  rays, 
but  that  they  are  produced  by  the  cathode 
rays  in  the  glass  wall  of  the  tube. 

13.  This  production  takes  place  not 
only  in  glass,  but  in  aluminum  as  well,  as  I 
could  observe  in  a  tube  closed  off"  with  an 
aluminum  sheet  2  mm.  thick.  Other 
substances  will  be  in\estigated  later. 

14.  I  justify  giving  the  name  "ray" 
to  the  agent  emitted  from  the  wall  of  the 
tube  partly  by  the  complete  regularity  of 
the  shadow  pictures  which  appear  when 
more  or  less  transparent  bodies  are  brought 
between  the  apparatus  and  the  fluores- 
cent screen  (or  the  photographic  plate). 

I  have  observed  and  also  photographed 
many  interesting  shadow  pictures,  the 
making  of  which,  among  other  things, 
offers  a  wholly  unique  charm.  I  have,  for 
example,  photographs  of  the  shadows  of  the 
profile  of  a  door,  which  divided  the  room  so 
that  the  tube  was  on  one  side  of  the  door 
and  the  plate  on  the  other;  of  the  bones  of 
the  hand;  of  the  shadow  of  wire  wound  on  a 
wooden  spool;  of  a  set  of  weights  in  a  small 
box;  of  a  magnetic  needle  entirely  sur- 
rounded by  metal;  of  a  piece  of  metal, 
the  heterogeneous  character  of  which  can 
be  seen,  etc. 

A  picture,  made  with  the  pin-hole 
camera,  of  the  tube  enclosed  in  black  paper 
is  a  further  proof  of  the  rectilinear  prop- 
agation of  the  x-rays.  The  picture  is 
weak,  but  nevertheless  conclusive. 

15.  I  have  made  a  dihgent  search  for 
interference  phenomena  of  the  rays,  but 
unfortunately,  perhaps  only  because  of  the 
slight  intensity  of  the  rays,  without  success. 

16.  Experiments  to  deterniine  whether 
an  electrostatic  field  can  in  any  way 
influence  the  x-rays  have  been  begun,  but 
are  not  vet  concluded. 
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17.  If  we  consider  the  question:  "Wfiat, 
then,  are  A-raj's — which  cannot  be  cathode 
rays?"  we  shall  probably  be  led  by  the 
vivid  fluorescence  and  the  chemical  effects 
to  consider  ultraviolet  light  in  the  first 
moment;  but  here  we  encounter  serious 
difficulties.  If  the  x-ray  is  reallj'  ultraviolet 
light,  such  a  light  must  possess  the  follow- 
ing properties: 

(a)  That  in  passage  from  air  to  water, 
carbon  disulphide,  aluminum,  rock  salt, 
glass,  zinc,  etc.,  it  suffers  no  appreciable 
refraction. 

(6)  That  it  cannot  be  regularly  reflected 
by  any  of  the  substances  mentioned. 

(c)  That  it  cannot  be  polarized  in  any 
of  the  ordinary  ways. 

(d)  That  its  absorption  cannot  be 
influenced  by  any  other  property  of 
substances  so  much  as  by  their  density. 

That  means  that  one  must  assume  that 
these  ultraviolet  rays  behave  entirely 
differently  from  the  infra-,  visible  and 
ordinary  ultraviolet  rays. 

I  could  not  bring  myself  to  accept  this 
conclusion,  and  sought  other  explanations. 

There  seems  to  be  a  kind  of  relationship 
between  the  new  rays  and  light  rays;  at 
least  the  picture  shadows,  the  fluo- 
rescence and  the  chemical  effects,  which 
are  present  with  both  kinds  of  rays,  point 
to  such  a  relation.  We  have  known  for  a 
long  time  that  besides  the  transverse  light 
vibrations,  longitudinal  vibrations  can 
also  be  present  in  ether,  and,  according  to 
the  view  of  various  physicists,  must  be 
present.  However,  their  existence  is  not 
yet  really  proved,  and  their  properties  not 
yet  investigated. 

May  not  the  new  rays  be  longitudinal 
vibrations  in  ether? 

I  must  confess  that  I  have  come  more  and 
more  to  believe  in  this  explanation  in  the 
course  of  the  experiments,  though  I  admit 
that  the  suggested  explanation  needs 
firmer  foundation,  j 


Second  Pa per* j 

Because  my  work  must  be  interrupted 
for  several  weeks,  I  wish  to  publish  some 
new  results  in  the  following  paragraphs. 

*Sitzungsb.  d.  phys.-ined.  (iesellsch.  zu  Wurzb.,  180s. 


18.  At  the  time  of  my  first  publication,  I 
knew  that  x-rays  could  discharge  electrified 
bodies,  and  I  thought  that  it  was  the  x-rays 
and  not  the  cathode  rays  coming 
unchanged  through  the  aluminum  window 
which  had  had  the  effect  described  by 
Lenard  on  distant  electrified  bodies.  I 
have  waited  to  publish  my  experiments, 
however,  until  I  was  in  a  position  to  state 
results  to  which  no  objection  could  be 
raised. 

Such  results  can  only  be  obtained  if  the 
observations  be  made  in  a  room  which  is 
completely  protected,  not  only  from  the 
vacuum  tube,  the  conducting  wires,  the 
induction  coil  and  all  electrostatic  influ- 
ence, but  also  from  the  air  which  comes 
from  the  neighborhood  of  the  discharging 
apparatus. 

For  this  purpose,  I  built  a  cabinet  of 
zinc  sheets  soldered  together,  which  was 
large  enough  to  hold  me  and  the  necessary 
apparatus,  and  which  was  air-tight  except 
for  a  zinc  door,  which  could  be  hermeti- 
cally closed.  A  great  part  of  the  wall 
opposite  the  door  was  covered  with  lead. 
At  a  convenient  place,  a  4-cm.  hole  was  cut 
away  in  both  zinc  wall  and  lead  covering, 
and  the  opening  again  made  air-tight  by 
means  of  a  thin  aluminum  sheet.  The 
x-rays  could  come  into  the  observation 
cabinet  through  this  window. 

I  now  made  the  following  observations: 

(a)  Bodies  in  the  air,  positively  or  nega- 
tively charged  with  electricity,  are  dis- 
charged when  they  come  in  the  path  of 
x-rays;  and  the  more  intense  the  rays,  the 
quicker  the  discharge.  The  intensity  of  the 
rays  was  judged  by  their  effect  on  a  fluores- 
cent screen  or  on  a  photographic  plate. 

In  general,  it  is  immaterial  whether  the 
electrified  bodies  are  conductors  or  insula- 
tors. So  far,  I  ha\e  found  no  specific  dif- 
ference in  the  behavior  of  the  different 
bodies  as  to  the  speed  of  the  discharge, 
nor  in  the  behavior  of  positi^  e  or  negative 
electricity.  Still,  it  is  not  impossible  that 
small  differences  do  exist. 

(6)  If  a  charged  conductor  is  surrounded 
by  a  good  insulator — paraffin,  for  example 
— instead  of  by  air,  the  exposure  to  the  rays 
has  the  same  effect  as  if  the  insulating  cover 
were  stroked  with  a  flame  connected 
to  earth. 
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(c)  If  this  insulating  c■o^■er  is  surrounded 
by  a  closely  fitting  conductor  connected 
to  earth,  which  is  also  transparent  to  x-rays, 
like  the  insulator,  then  the  exposure  has 
no  effect,  that  I  could  detect  with  the  means 
at  my  disposal,  on  the  inner  charged 
conductor. 

(d)  The  observations  under  a,  6  and  c 
lead  to  the  conclusion  that  air  exposed 
to  x-rays  has  the  power  to  discharge 
electrified  bodies  with  which  it  comes  in 
contact. 

(e)  If  this  is  really  the  case,  and  if,  in 
addition,  the  air  holds  this  power  for  some 
time  after  exposure  to  the  rays,  it  should 
be  possible  to  discharge  electrified  bodies, 
which  of  themsehes  have  not  met  the  rays, 
by  bringing  to  them  air  which  has  been 
rayed. 

In  various  ways  one  can  become  con- 
vinced that  this  is  indeed  the  case.  I  will 
give  one  example,  though  not  the  simplest : 

I  used  a  brass  tube  3  cm.  wide  and  45  cm. 
long.  A  few  centimeters  from  one  end,  the 
tube  wall  was  cut  away  and  replaced  by  a 
thin  piece  of  aluminum.  At  the  other  end, 
sealed  off  from  the  air,  an  insulated 
brass  ball  fastened  to  a  metal  rod  was 
brought  into  the  tube.  Between  the  ball 
and  the  closed  end  of  the  tube  an  auxiliary 
tube  was  soldered  in,  which  could  be 
connected  with  a  suction  apparatus.  When 
the  suction  was  on,  the  brass  ball  was 
surrounded  by  air  which,  in  going  through 
the  tube,  had  to  flow  past  the  aluminum 
window.  The  distance  from  this  window  to 
the  ball  was  over  20  cm. 

I  placed  this  tube  in  the  cabinet  in  such 
a  way  that  the  beam  of  .\-rays  coming 
through  the  aluminum  window  was  at 
right  angles  to  the  axis  of  the  tube,  and  the 
insulated  ball  thus  lay  outside  the  path  of 
these  rays,  in  shadow.  The  tube  and  zinc 
cabinet  were  connected  together  electri- 
cally, and  the  ball  was  connected  with  a 
Hankel  electroscope. 

It  now  developed  that  neither  a  positive 
nor  a  negative  charge  imparted  to  the  ball 
was  influenced  by  the  x-rays  so  long  as  the 
air  in  the  tube  remained  undisturbed,  but 
the  charge  diminished  appreciably  when 
the  air  exposed  to  the  rays  was  brought 
to  the  ball  through  suction.  If  the  ball  was 
maintained    at    a    constant    potential    by 


means  of  accumulators,  and  the  rayed 
air  then  drawn  through  the  tube,  an  elec- 
tric current  flowed  as  if  the  ball  were 
connected  with  the  wall  of  the  tube  by  a 
poor  conductor. 

(/)  The  question  now  arises:  "In  what 
way  does  the  air  again  lose  this  property 
given  it  by  the  x-rays?"  Whether  it  could 
lose  it  without  coming  in  contact  with  any 
other  body — that  is  to  say,  of  itself — is 
not  clear.  It  is  certain,  on  the  other  hand, 
that  a  brief  contact  with  a  body  of  great 
surface,  which  does  not  need  to  be  charged, 
renders  the  air  ineffective.  For  example,  if 
a  thick  enough  plug  of  wadding  is  pushed 
into  the  tube  so  far  that  the  rayed  air  must 
pass  through  the  wadding  before  reaching 
the  ball,  the  charge  on  the  ball  remains 
unchanged  with  suction. 

If  the  plug  is  in  front  of  the  aluminum 
window,  the  same  result  is  obtained  as 
without  the  wadding:  a  proof  that  dust 
particles  are  not  the  cause  of  the  discharge 
observed. 

Wire  grating  works  in  the  same  way, 
though  the  wire  must  be  very  thin  and 
several  layers  must  be  laid  one  on  another 
in  order  to  make  the  air,  passing  through, 
ineffective.  If  this  wire  is  not  connected  to 
earth,  as  it  was  before,  but  connected  with 
a  source  of  electricity  of  constant  potential, 
I  have  always  observed  what  I  had  antic- 
ipated; however,  this  experiment  is  not 
yet  concluded. 

(g)  If  the  electrified  bodies  are  in.  dry 
hydrogen  instead  of  air,  they  are  still 
discharged  by  x-rays.  The  discharge  in 
hydrogen  seemed  to  me  to  take  somewhat 
longer,  although  this  is  not  certain  on 
account  of  the  difficulty  of  maintaining 
constant  intensity  of  x-rays  in  consecutive 
experiments. 

The  method  of  filling  the  apparatus  with 
hydrogen  had  to  be  such  as  to  eliminate 
the  possibility  that  compressed  air  remain- 
ing adherent  to  the  surface  of  the  bodies 
should  play  an  essential  part  in  the 
discharge. 

{h)  In  high  vacua,  the  discharge  of  an 
object  directly  in  the  path  of  the  rays 
takes  place  much  more  slowly — in  one  case, 
for  example,  about  70  times  more  slowIy^ — 
than  in  the  same  vessels  filled  with  air  or 
hydrogen  at  atmospheric  pressure. 
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(i)  Experiments  on  the  behavior  of  a 
mixture  of  chlorine  and  hydrogen  under 
the  influence  of  the  rays  are  in  process. 

(j)  In  conclusion,  I  want  to  mention 
that  the  results  of  experiments  on  the 
discharging  effect  of  x-rays,  in  which  the 
influence  of  the  surrounding  gases  was  not 
taken  into  account,  are  to  be  accepted 
with  caution. 

19.  It  is  advantageous  in  many  cases 
to  insert  a  Tesia  apparatus  (condenser  and 
transformer)  between  the  .v-ray  producing 
apparatus  and  the  Ruhmkorff  coil.  This 
arrangement  has  the  following  features: 
First,  the  tube  is  less  easily  strained  and 
does  not  get  so  hot;  second,  the  vacuum 
endures  better,  at  least  with  apparatus 
made  by  myself;  third,  many  tubes  deliver 
more  intense  ,x-rays.  With  tubes  of  too 
high  or  too  low  vacuum,  the  TesIa  trans- 
former gave  good  service  in  getting  the 
tubes  to  function  well  with  the  Ruhm- 
korff alone. 

The  important  question  now  arises  (and 
I  take  the  liberty  of  bringing  it  up  without 
being  able  to  advance  anything  toward  the 
answer)  whether  x-rays  can  be  produced  by 
a  continuous  current  from  a  source  of 
constant  potential,  or  whether,  on  the 
other  hand,  fluctuations  of  this  potential 
are    not    necessary    to    their    production. 

20.  In  Section  13  of  my  first  paper,  it  is 
stated  that  the  .ic-rays  can  be  produced 
not  only  in, glass,  but  also  in  aluminum. 
In  .continuing  the  experiment  in  this 
direction,  no  solid  body  has  been  found 
which  could  not  produce  .x-rays  under  the 
influence  of  the  cathode  rays.  I  know  of  no 
reason  why  liquid  and  gaseous  bodies 
should  not  do  this  also. 

However,  quantitative  diff^erences  in 
the  behavior  of  the  various  bodies  have 
appeared.  For  example,  if  the  cathode  rays 
are  allowed  to  fall  on  a  plate,  half  of  which 


consists  of  a  sheetofplatinumo.3mm.  thick 
and  the  other  half  of  a  sheet  of  aluminum 
I  mm.  thick,  it  can  be  seen  on  a  photo- 
graph of  this  double  plate  made  with  a 
pin-hole  camera  that  the  platinum  sheet 
sent  out  many  more  .\-rays  on  the  side 
struck  by  the  cathode  rays  (the  front 
side)  than  the  aluminum  sheet  sent  out 
on  the  same  side.  However,  on  the  back 
side  almost  none  are  sent  out  from  the 
platinum,  but  a  relatively  large  number 
from  the  aluminum.  The  latter  group  of 
rays  are  produced  in  the  front  layers  of  the 
aluminum    and    pass   through   the   plate. 

One  can  easily  devise  an  explanation 
for  this  observation,  but  it  is  best  first  to 
investigate  still  further  the  properties  of 
the  x-rays. 

It  is  evident,  however,  that  the  facts 
discovered  have  a  practical  significance. 
According  to  my  experiments  so  far,  plati- 
num serves  best  in  the  production  of  x-rays 
of  the  greatest  possible  intensity.  I  have 
used  for  several  weeks,  with  success,  a  tube 
in  which  a  concave  mirror  of  aluminum 
functions  as  cathode,  and  a  platinum  piece 
placed  at  an  angle  of  45  degrees  to  the 
axis  of  the  mirror  at  the  center  of  curva- 
ture, as  anode. 

21.  The  x-rays  arise  from  the  anode  of 
this  tube.  As  I  must  draw  conclusions  from 
experiments  made  with  variously  con- 
structed apparatus,  it  is  immaterial,  as 
concerns  the  intensity  of  the  .v-rays, 
whether  they  are  produced  at  the  anode  or 
not. 

Apparatus  was  built  especially  for 
experiments  with  the  alternating  current 
of  the  Tesla  coil,  in  which  both  electrodes 
were  conca\"e  mirrors  of  aluminum,  whose 
axes  formed  a  right  angle.  A  platinum 
plate  to  receive  the  cathode  rays  was 
placed  at  the  centers  of  curvature.  Later,  I 
will  comment  on  the  usefulness  of  this  tube. 


>' 


WILHELM  KONRAD  ROENTGEN 

[1845-1923] 


Fronrispiece,  April.  1923 
The  American  lournalof  RoentRenoloi 


THE  AMERICAN  JOURNAL  OF  ROENTGENOLOGY 
AND  RADIUM  THERAPY 

Editor:  H.  M.  Imboden,  M.D. 

Associate  Editors:  James  T.  Case,  M.D.     '     H.  K.  Pancoast,  M.D. 

Publisher:  Paul  B.  Hoeber,  New  York 


Issued  Monthly.  Subscription,  $6.00  per  year.  Advertising  rates  submitted  on  application.  Editorial  office, 
480  Par\  Avenue,  J^ew  Tor\.  Office  of  publication,  67-69  East  ^gth  Street,  ?iew  Tor\. 

Information  of  interest  to  all  readers  and  lists  of  officers  of  The  American  Roentgen  Ray  Society  and 
The  American  Radium  Society  will  he  found  on  the  two  pages  preceding  Table  of  Contents. 


THE  PASSING  OF  ROENTGEN 

THE  death  of  Roentgen,  in  bringing 
sorrow  to  thousands  of  workers  who 
are  professionally  christened  with  his 
name,  shows  how  truly  a  great  man  of 
science  belongs,  not  to  any  country,  but  to 
humanity  at  large.  Never  more  clearly  has 
the  universality  of  genius  risen  above  all 
the  barriers  of  language,  commercial 
interests  and  political  boundaries.  Roent- 
genologists in  every  quarter  of  the  globe 
and  under  every  flag  recognized  Wilhelm 
Konrad  Roentgen  as  the  true  seer  and  . 
founder  of  their  science  and  are  proud  to 
do  him  reverence  in  this  hour  of  final 
reckoning. 

It  is  now  over  twenty-seven  years  since 
a  little-known  professor  of  physics  in 
Wurzburg,  working  alone  in  his  laboratory 
with  a  Crookes  tube,  noticed  the  fluores- 
cence of  a  distant  card  coated  with 
platino-barium-cyanide,  and  developed  the 
prophetic  image  of  a  key  upon  a  photo- 
graphic plate.  Several  versions  of  this 
astounding  discovery  have  been  printed 
emphasizing  its  accidental  features.  It  was 
not  an  accident.  The  fact  that  Roentgen 
had  set  up  an  experimental  apparatus 
with  which  to  study  the  discharge  effects 
of  high-tension  electricity  through  vacuum 
tubes  clearly  entitles  him,  notwithstanding 
his  modesty,  to  all  the  results  of  his  observa- 
tions of  these  phenomena.  We  can  better 
appreciate  Roentgen's  achievement  when 
we  recall  the  many  distinguished  men  who 
labored  diligently  in  this  same  field.  Sir 
William  Crookes,  seventeen  years  before, 
had  unquestionably  produced  x-rays  and 
had  fogged  photographic  plates;  but  it 
remains  one  of  the  tragedies  of  experi- 
mental science  that  he  did  not  recognize 


his  find,  although  he  perceived  and 
recorded  the  minutiae  of  the  phenomena 
of  the  excited  vacuum  tube  and  generalized 
upon  them  with  a  brilliancy  and  insight 
rarely,  if  ever,  excelled.  Hertz,  Lenard  and 
others  also  produced  .v-rays,  and  noted 
photographic  as  well  as  other  effects;  but 
notwithstanding  their  training  and  persist- 
ence they  failed  to  see  and  understand  the 
powerful  and  obedient  genii  which  they  had 
evoked.  It  required  something  more  than 
training,  more  than  equipment,  even  more 
than  industry.  The  flash  of  the  fluorescent 
cardboard  had  to  be  answered  by  a  flash  of 
genius — and  the  rest  was  merely  a  matter 
of  detail.  The  way  thus  opened  and 
illuminated  by  Roentgen  has  been  explored 
and  widened  by  innumerable  minds  until 
now  we  are  in  possession  of  a  new  science, 
a  new  art  and  a  vast^literature  requiring 
of  each  of  its  votaries  the  single-hearted 
study  and  practice  of  a  life-time. 

Many  a  discovery  is  said  to  have  made 
an  epoch.  This  one  made  many.  It  started 
an  epoch  in  the  study  of  radioactivity.  It 
created  another  in  physics  and  chemistry. 
It  brought  new  conceptions  of  the  nature 
of  electricity,  of  the  electron,  of  the 
structure  of  the  atom  and  of  the  probable 
constitution  of  matter.  And  most  of  all,  it 
started  a  revolutionary  epoch,  which  is 
still  in  full  sway,  in  the  diagnosis  and 
treatment  of  disease.  The  end  is  hidden 
even  yet  from  the  psychic  eye  of  the  human 
imagination. 

Professor  Roentgen's  first  communica- 
tion, given  before  the  Wurzburg  Physio- 
Medical  Society,  announcing  his  discovery, 
should  be  re-read  today  by  everj'  thought- 
ful roentgenologist.  It  is  truly  remarkable 
how  wide  a  field  he  covered  and  how  little 
change  later  investigators  have  found  it 
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necessary  to  make  in  these  first  statements. 
Like  Mendel,  he  read  his  modest  but 
comprehensive  paper  before  his  local  medi- 
cal society.  Unlike  Mendel's  paper, 
however,  which  lay  forgotten  for  thirty- 
six  years  in  scientific  archives,  Roentgen's 
discovery  was  immediately  transmitted 
throughout  the  world.  Inevitable  skepti- 
cism was  silenced  by  rapid  confirmation 
from  reliable  sources  on  every  hand  and  an 
admiring  public  accepted  as  an  article  of 
faith  one  of  the  most  beneficent  miracles 
ever  recorded  in  the  scripture  of  science. 

The  forced  belief  in  something  so  entirely 
new  and  so  peculiarly  opposed  to  universal 
experience  shook  the  foundations  of 
common  sense.  Since  then,  other 
discoveries  scarcelj^  less  revolutionary  and 
even  more  spectacular  have  well-nigh 
swept  away  this  ancient  anchorage  of  the 
mind.  Almost  any  absurdity  with  a  pre- 
tense of  electronic- i  or  radioactivity,  if 
couched  in  scientific  terms,  now  finds  eager 
acceptance.  Skepticism  in  theological 
matters  is  in  curious  contrast  to  the  easy 
belief  in  anything  covered  by  the  supposed 
mantle  of  science.  A  recent  example  from 
the  Pacific  Coast,  among  others,  has 
demonstrated  that  at  the  present  time 
human  credulity  regarding  pseudo-science 
has  ceased  to  have  any  discernible  limits.  A 
study  of  Roentgen's  work,  and,  in  general, 
the  popularization  of  the  work  of  the  real 
masters  of  science,  will  help  to  re-establish 
a  few  beacon-lights  for  the  future  course  ot 
public  opinion. 

But,  in  any  event,  we  have  faith  that 
true  scientific  research  will  never  want  for 
workers  in  any  field.  Now,  especially, 
roentgenologists  must  feel  the  call.  The 
final  conquest  of  the  unseen  world  which 
lies  beyond  the  boundaries  of  the  visible 
spectrum  is  committed  to  our  hands  in 
sentiment  as  well  as  in  fact  by  the  passing 
of  this  great  master.  His  work  shows  that 
no  phenomenon  is  too  small  for  careful 
observation.  His  discovery  arose  out  of 
a  long  series  of  investigations  which 
appeared  hopelessly  remote  from  human 
usefulness.  From  the  seed  of  pure  science 
has  ever  grown  the  most  fruitful  harvest  for 
humanity.  Roentgen's  life  as  a  teacher  and 
experimenter  was  devoted  to  non-utilitarian 
ends,    and   will   ever   inspire   hope   in   the 


humble  unknown  worker  that  out  of  his 
apparently  unproductive  research  may 
come  the  splendid  vision  of  a  new  truth. 
Roentgen's  career  was  consistently  that 
of  a  teacher  and  in\estigator.  He  served 
as  a  professor  of  physics  at  Hohenheim, 
Strassburg,  Giessen  and  W'urtzburg.  From 
1899  he  held  the  chair  of  experimental 
physics  at  Munich  and  was  given  a  pen- 
sion by  the  Imperial  government.  Scientific 
bodies  in  different  parts  of  the  world  vied 
with  each  other  to  pay  him  honor.  He 
accepted  the  Rumford  Medal  of  the  Royal 
Society  of  London,  the  Barnard  Medal  of 
Columbia  Uni\ersity,  and, in  1 901, the  Nobel 
Prize  In  Physics.  He  suffered  the  common 
ruin  of  his  countrymen  during  thegreat  war, 
and  died  in  poverty  in  the  house  of  a  friend. 

CINEMA-CARDIO- ROENTGENO- 
GRAMS 

On  Friday  evening,  February  9,  1923, 
Doctor  Franz  AL  Groedel,  of  the  University 
of  Frankfort,  Germany,  demonstrated  his 
cinema-cardio-roentpenograms  to  the  East- 
ern Medical  Society  of  the  City  of  New  York. 

Doctor  Groedel  first  described  his  appa- 
ratus and  showed  moving  pictures  of  it. 
He  uses  a  long  film  perforated  at  the 
edges  and  otherwise  similar  to  the  ordinary 
cinema  film,  except  that  It  is  wider.  The 
film  Is  enclosed  in  a  holder,  and  is  entirely 
protected  from  ordinary  light  and  from 
the  .x-rays  except  for  an  area  a  little  larger 
than  that  of  the  heart.  The  film  is  pulled 
between  two  intensifying  screens  by  a 
mechanism  similar  to  that  used  on  the 
motion-picture  camera.  The  technique  is  as 
usual  for  ordinary  radiographic  work.  The 
film  changes  between  exposures. 

An  electrocardiogram  Is  made  simul- 
taneously with  the  roentgenogram  and 
reproduced  on  the  finished  film. 

Though  the  work  is  Interesting  in  the 
same  way  that  all  new  things  In  medical 
fields  are  Interesting,  and  to  a  layman 
might  seem  most  spectacular.  It  seems 
to  the  reporter  to  be  of  little  actual  value 
In  Its  present  form,  and  also  that  much 
more  Information  could  be  gained  in  a  few 
minutes  of  fluoroscopy. 

The  result  as  presented  was  far  from 
Ideal.    Evidently   much   time   elapsed  be- 
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tween  exposures,  and  on  the  screen  the 
heart  appeared  to  jump  about  like  the 
often-referred-to  fish  out  of  water.  This  is 
of  course  not  surprising  when  we  consider 
that  the  average  normal  heart  cycle  is  0.8 
seconds,  and  that  during  approximately 
half  of  that  time  the  whole  heart  is  in 
diastole;  so  that,  to  show  the  changes  at  all 
smoothly,  at  least  ten  exposures  would 
have  to  be  made  every  second.  The  diffi- 
culties to  be  encountered  can  be  easily 
appreciated  by  all  of  us. 

Eugene  V.  Powell. 

FOURTH  ANNUAL  MEETING  OF 
THE  CENTRAL  SECTION 

The  Fourth  Annual  Meeting  of  the 
Central  Section  of  the  American  Roentgen 
Ray  Society  was  held  at  the  Seelbach 
Hotel,  Louisville,  Ky.,  on  Saturday,  Febru- 
ary 24,  1923. 

The  program  was  as  previously  pub- 
lished, and  in  addition  Dr.  Samuels  read  a 
paper  on  "Roentgen  Interpretation  of 
Ileocolonic  Stasis." 

There  were  77  registrations,  with  an 
attendance  of  more  than  100.  Everyone 
seemed  highly  pleased  with  the  program. 

The  following  oflicers  were  elected  for 
the  ensuing  year: 

President:  D.  Y.  Keith,  Louisville,  Ky. 

First  Vice-President:  W.  O.  Upson, 
Battle  Creek,  Mich. 

Second  Vice-President:  Charles  Goosman, 
Cincinnati,  O. 

Secretary:  R.  C.  Beeler,  Indianapolis, 
Ind. 

The  next  meeting  is  to  be  held  in  Indian- 
apolis, Ind.,  on  Feb.  23,  1924. 

CORRESPONDENCE 

To  The  Editor: 

In  my  article  on  the  Function  of  the 
Muscles  of  the  Stomach,  which  appeared 
in  the  [Dec,  1922,  number  of  your  Journal 
on  pages  792  and  -93,  there  are  published 
four    photographs    of   dissections    of   the 


muscles  of  the  stomach  which  are  inade- 
quately acknowledged.  The  slides  are 
labelled  with  the  initials  "G.  J.,"  and 
there  is  a  reference  to  them  in  the  text,  but 
I  wish  it  to  be  quite  clear  that  the  photo- 
graphs are  from  dissections  made  by 
Geoffrey  Jefferson,  F.R.C.S.,  of  Salford 
Royal  Hospital,  Manchester,  Eng.,  who 
made  these  dissections  some  years  ago, 
by  following  out  the  picric  acid  technique 
of  Forssell. 

I  would  be  grateful  if  you  would  make 
this  acknowledgment  for  me  in  your 
Journal. 

I  am 

Yours  faithfully, 
A.    E.    Barclay. 

March  20,  1923. 

EXAMINATIONS  OF  THE 
NATIONAL  BOARD 

The  following  dates  are  given  by  the 
National  Board  of  Medical  Examiners  for 
their  approaching  examinations:  Part  I, 
June  25,  26,  27,  1923.  Part  II,  June  28, 
29,  1923. 

Part  I,  Sept.  24,  25,  26,  1923.  Part  II, 
Sept.  2",  28,  1923. 

All  applications  for  these  examinations 
must   be   made   on  or  before  May   15th. 

Further  information  may  be  obtained 
from  the  Secretary,  Dr.  J.  S.  Rodman,  1310 
Medical  Arts  Building,  Philadelphia,  Pa. 

THE  LEONARD  PRIZE 

The  American  Roentgen  Ray  Society 
is  again  offering  the  Leonard  Prize  in  1923, 
details  for  which  appear  on  advertising 
page  v  of  this  number  of  the  Journal. 
The  manuscripts  submitted  for  the  1921 
prize  were  of  a  high  order  of  merit  and 
covered  a  variety  of  subjects  pertinent  to 
roentgenology.  It  is  to  be  hoped  that  the 
contestants  for  the  next  prize  will  be 
equally  zealous  in  their  efforts. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  7v{ew  Tor\  City,  are  in- 
vited to  ma\e  the  ogice  of  The  Journal  (69  East  59th  Street,  Tsfeu;  Tor^  their  headquarters.  Mail, 
packages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance;  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  7\(etu  Yor\  hospita.h  on  file  in  our  office  daily. 
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PiLGER,     VV.     Deep    A'-Ray    Therapy:    The 

Technique  of  the  Erlangen  Clinic.  Lancet, 

Jan.  20,  civ,  115. 

The  Erlangen  Clinic  still  adheres  to  the 
dosage  fixed  for  various  conditions  as  previ- 
ously published.  The  unit  skin  dose  being 
standardized  as  100,  the  proper  dosage  can  be 
ascertained  for  various  pathological  conditions. 
The  following  is  the  dosage  fixed:  Cancer,  90 
to  no  per  cent;  sarcoma,  70  to  80  per  cent; 
ovaries  (sterilization),  35  per  cent;  and  so  on. 
The  technique  for  uterine  cancer  is  essentially 
the  same  as  has  previously  been  referred  to  in 
this  journal  (Sept.,  ig22,  p.  530).  Cancer  of 
the  breast  is  radiated  by  two  distant  expos- 
ures, one  in  front  and  the  other  behind.  The 
distance  and  field  size  depend  on  the  situation 
and  size  of  the  tumor.  The  irradiation  doses  to 
the  tumor  and  the  axilla  may  be  given  at  the 
same  time  or  separately;  the  supraclavicular 
glands  must  also  be  radiated.  As  the  cancer 
dose  is  always  calculated  at  the  lowest  limit, 
a  second  radiation  is  generally  given  in  these 
cases. 

General  harm  and  nervous  disorder  may  be 
caused  to  the  body  by  large  A-ray  doses,  the 
effect  being  chiefly  manifested  in  the  blood 
circulation.  A  sudden  fall  of  lymphocytes  and 
relative  leucocy tosis  occurs ;  whenever  possible, 
therefore,  large  cones  of  irradiation  are 
avoided  and  concentrated  doses  given.  The 
use  of  a  compressor  is  recommended  when  the 
cross-fire  method  is  adopted.  Compression 
produces  anemia  of  the  skin,  which  is  thus 
rendered  slightly  less  susceptible  to  x-rays. 
Secondly,  the  movable  bowels  are  pressed 
aside  (in  the  case  of  abdomen),  so  that  they 
do  not  interfere  so  much  with  the  cone  of 
radiation.  For  good  results  to  be  obtained,  the 
patient  must  be  in  a  fit  state  for  treatment, 
just  as  in  any  major  operation;  the  condition 
of  the  blood  is  of  paramount  importance  and 
must  be  asccrtamed. 

The  preparation  for  treatment  is  as  usual 
for  a  surgical  operation.  Nothing  is  done 
to  the  areas  to  be  treated.  The  patient  is 
given  a  light  cup  of  tea  in  the  early  morning 
and  nothing  else.  There  should  be  no  barium 
residue  in  the  bowels.  No  medicaments  con- 
taining iron  should  be  given.  Scopolamine  or 
morphine    should   be  injected   on   the  table. 

As  after-treatment  the  author  recommends 
the  following:  (i)  Avoid  all  irritation  to  the 
radiated  part  of  the  body,  from  clothes,  rubbing, 
scratching,    soap,    irritating    ointments,    etc.; 

(2)  therefore  apply  for  some  weeks,  every  day, 
unsalted    lard    or    unguentum    leniens   molle; 

(3)  give  rectal  injections  of  pure  olive  oil,  in 


gynecological  cases,  to  protect  mucous  mem- 
branes of  rectum  and  colon;  (4)  in  cancer  of  the 
bowels  anastomosis  before  radiation  is  recom- 
mended, as  it  prevents  the  radiated  part  from 
being  constantly  irritated  by  the  contents  of 
the  stomach;  (5)  never  make  any  incisions  on 
the  radiated  areas  if  there  happens  to  be  swel- 
ling or  induration  after  the  treatment  of  x-rays; 
(6)  vomiting,  headache,  and  thirst,  which 
often  occur  after  treatment,  pass  off  as  in  the 
case  of  surgical  operations;  (7)  a  subcutaneous 
injection  of  physiological  saline  is  recommended 
after  radiation,  each  case  being  treated  on  its 
merits;  (8)  intravenous  injections  of  albusol 
(a  preparation  of  pure  proteins)  are  given  in 
cases  of  anemia  and  when  the  patient  is  of  a 
nervous  type;  (9)  iron,  arsenic,  and  other 
general  tonics  are  useful;  (10)  calcium  lactate 
has  also  been  found  of  use. 

Having  regard  to  the  above  principles,  good 
results  can  be  obtained  in  all  kinds  of  malignant 
growths,  irrespective  of  the  question  whether 
operable  cancers  should  be  treated  only  by 
x-rays  or  should  be  operated  on  and  subse- 
quently treated  by  x-rays.  There  is  no  doubt 
that  the  use  of  this  new  weapon  marks  a  great 
advance  in  the  fight  against  cancer.  Sufficient 
time  has  not  yet  elapsed  to  show  whether  it 
will  completely  replace  surgery  in  the  fight 
against  malignant  growths,  but  the  results 
obtained  are,  up  to  now,  at  least  as  good  as 
those  of  surgery.  In  this  connection  we  must 
take  into  consideration  the  fact  that  in  com- 
piling statistics  the  surgeon  includes  only 
operable  cases  and  excludes  inoperable  ones, 
while  x-ray  therapy  statistics  include  a  large 
amount  of  inoperable  cases,  in  which  x-ray  is 
the  only  possible  treatment. 

Other  types  of  cases  suitable  for  x-raj'  treat- 
ment are  sarcomata,  lymphosarcomata,  lym- 
phogranulomata  (Hodgkin),  myomata,  and 
climacteric  diseases.  The  results  obtained  in 
the  latter  are  so  excellent  and  the  treatment 
is  so  agreeable  and  safe  that  there  is  no  possi- 
bility of  discussion  about  it.  In  Germany, 
operation  is  no  longer  performed  on  a  myoma 
unless  there  are  necrotic  and  infectious  parts 
in  it,  or  unless  the  tumor  be  so  large  that  it 
threatens  the  function  of  the  bladder  or  rectum. 

During  the  past  few  years  Professor  Wintz  has 
introduced  into  the  Gynecological  Hospital 
in  Erlangen  a  remarkable  means  of  treating 
chronic  inflammatory  conditions  of  the  adnexa. 
These  conditions  are  very  tedious,  for  the  Fallo- 
pian tubes  and  the  ovaries  resist  all  kinds  of 
treatment;  the  growths  are  subject  to  recur- 
rence by  reason  of  the  monthly  congestions 
that  take  place  in  the  female  genital  organs. 
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By  suppression  of  the  ("unction  of  the  ovaries 
for  two  or  three  years  by  a  suitable  dose  (a 
little  smaller  than  the  full  castration  dose)  of 
A'-rays  applied  to  the  ovaries,  excellent  results 
in  these  diseases  have  been  obtained.  Other 
diseases  which  can  be  successfully  treated  by 
x-rays  are  tuberculous  glands,  and  tuberculosis 
of  the  peritoneum  and  joints,  especially  small 
joints. 

It  would  take  too  long  to  enumerate  all  the 
skin  diseases  that  can  be  successfully  treated 
by  x-rays,  but  in  general  it  has  been  found  that 
the  use  of  hard  penetrating  rays  gives  better 
results  than  the  use  of  soft  raj'S.  Excellent 
results  have  been  obtained  in  advanced  cases  of 
actinomycosis.  Other  cases  suitable  for  treat- 
ment are  glands  of  internal  secretion,  either 
in  order  to  suppress  hyperfunction  or  to  stimu- 
late deficient  function.  The  exact  dosage  in 
these  cases  has  not  yet  been  completely  worked 
out.  In  the  treatment  of  Basedow's  disease, 
two-thirds  of  a  unit  skin  dose  to  the  thyroids 
and  the  thymus  is  the  best. 

In  summarizing  the  diseases  treated  by 
x-rays  the  author  names  the  following:  (i) 
All  malignant  growths  of  cancerous  type;  (2) 
sarcomata,  lymphosarcomata,  lymphogranulo- 
mata;  (3)  myomata  and  diseases  of  the  adnexa; 
(4)  tubercular  glands,  peritoneum,  and  joints, 
especially  small  joints;  (5)  actinomycosis; 
(6)  disordered  functions  of  glands  of  internal 
secretion. 

The  number  of  treatments  ranges  from  one  to 
four. 

RoussY,   G.   Laborde,   S.,   Leroux,   R.  and 
Peyre,  Ed.  Concerning  Regular  and  General 
Reaction  of  the  Organism  Following  Radia- 
tion  Treatment   of  Cancer   of  the   Cervix 
Uteri.  Proceedings  oj  the  French  Society  Jor 
the  Study  of  Cancer,  J une  19,  1922. 
Surprised  by  theanalogj'  of  the  blood  findings 
furnished  by  two  cases  of  very  similar  clinical 
evolution,  the  authors  undertook  the  system- 
atic  examination   of  the   blood   of  cancerous 
patients   submitted   to   radium   and   roentgen 
treatment  to  see  if  it  was  possible  to  find  a 
biological  test  which  was  susceptible  of  com- 
parison with  the  clinical  evolution. 

The  observations  were  completed  by  the 
study  of  tissue  removed  at  biopsy,  repeated 
every  eight  days,  with  the  purpose  of  following 
the  local  effects  of  treatment  on  a  part  and 
also  for  the  purpose  of  comparing  the  methods 
of  local  reaction  of  the  organism  with  regard  to 
cancer  with  the  information  of  a  general 
order  furnished  by  the  examinations  of  the 
blood.  The  following  facts  have  been  shown: 
I.  Thestudy  by  serial  biopsy  of  a  tumorinthe 
course  of  radiotherapeutic  treatment  of  cancer. 


and  that  of  the  blood  reactions  simultaneously- 
carried  out,  show  that  they  are  parallel,  and 
give  very  different  results  according  to  the 
progress  which  is  made  toward  cure,  or,  on  the 
other  hand,  toward  progressive  extension  of 
the  disease  and  death. 

2.  The  local  study  of  the  histological  reac- 
tions of  the  tumor,  and  especially  the  study 
of  the  connective  and  vascular  tissue,  seem  to 
furnisii  certain  elements  of  prognosis  for  the 
favorable  or  unfavorable  development  of  the  . 
disease.  For  instance,  an  altered  stroma  with 
fibrinoid  lesions  and  necrotic  areas  before  any 
treatment  is  started  would  suggest  the  neces- 
sity for  extreme  care  in  treatment  for  fear  of 
bringing  about  serious  accidents.  On  the  other 
hand,  an  intact  stroma  should  presage  a  rapid 
cicatrization. 

3.  The  examination  of  the  blood  seems  to 
furnish  a  means  of  foreseeing  and  of  following 
the  general  reactions  of  the  organism  in  the 
course  of  radiation  therapy.  Ona  should  note 
not  only  the  phenomena  of  radiosensibility 
and  the  local  reaction  of  the  rays  on  the  tumor, 
but  also  the  manner  in  which  the  organism 
reacts,  in  order  to  draw  deductions  of  prog- 
nostic value  and  indications  as  to  the  method 
of  treatment  to  be  continued.  When  before  any 
treatment  has  been  given  the  blood  picture  is 
unfavorable,  the  employment  of  .v-rays  or 
radium  for  treatment  in  the  manner  ordinarily 
used  has  a  tendency  to  accentuate  the  general 
symptoms.  In  such  cases  one  should  carefully 
plan  his  work  to  modify  the  ordinary  technique. 
If,  on  the  other  hand,  before  any  treatment  has 
been  given,  the  blood  picture  is  favorable, 
irradiation  can  bring  about  temporary  severe 
reaction,  but  this  is  usually  transient  and  the 
prognosis  remains  good. 

Graves,  Roger  Colgate.  Shadowless  Renal 
Calculi.  Ann.  Surg.,  Apr.    1922,  Ixxv,  487. 

It  is  common  knowledge  that  a  small  per- 
centage of  renal  calculi  fail  to  cast  shadows 
in  an  x-ray  plate.  Holmes  and  Ruggles  state 
that  with  satisfactory  technique  "probably 
80  to  90  per  cent  of  kidney  and  ureteral  stones 
will  show."  Those  occasional  calculi  which 
present  no  greater  density  than  the  body 
soft  parts  are  chiefly  of  uric  acid  or  urate 
composition. 

Two  interesting  cases  of  cystin  calculi  are 
reported  by  the  author,  where,  following 
the  injection  of  an  opaque  solution  into  the 
ureter  and  renal  pelvis,  invisible  stones  were 
shown  by  negativity.  The  author  believes  that 
calculi  of  pure  cystin  should  be  classified  in 
general  with  those  concretions  which  possess 
no  greater  density  than  the  body  soft  parts. 
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Bell,  J.   Warren.     Pelvioradlography  After 

Fabre's    Method.    Am.   J.  Surg,  el"  Gynec, 

Dec,  1921,  ii,  616. 

Following  the  description  of  a  method  of 
pelvimetry  by  Fabre  two  years  ago,  the  author 
has  employed  this  method  in  a  number  of 
cases.  The  technique  is  as  follows: 

The  patient  is  placed  in  the  ventral  position, 
with  a  large  cassette  beneath  her  abdomen 
which  contains  the  17  X  22  in.  film  and  an 
intensifying  screen  10  X  14  in.  The  tube  was 
placed  at  a  point  toward  the  patient's  feet  50 
cm.  from  the  symphysis,  and  50  cm.  from  the 
table.  The  tube  is  so  tilted  that  the  direct 
rays  enter  the  outlet  of  the  pelvis  and  leave 
through  the  inlet.  The  frame  is  made  of  wood, 
and  is  adjustable  to  the  size  of  the  patient. 
The  frame  is  applied  as  nearly  as  possible  to 
the  plane  of  the  inlet.  This  plane  is  determined 
by  the  three  points;  the  top  of  the  symphysis, 
and  the  two  dimples  of  the  posterior  inferior 
spines  of  the  ileum.  The  wooden  frame 
contains  a  lead  laj'er  with  notched  edges,  the 
notches  being  i  cm.  apart.  The  film  must  be 
large  enough  to  show  the  shadow  of  the  entire 
frame. 

By  joining  opposite  notches  the  accurate 
measurements  of  the  picture  of  the  pelvis  can 
be  quickly  obtained.  From  this  film,  with  the 
unavoidable  distortion,  a  true  outline  of  the 
inlet  is  made  upon  graph  paper  with  centi- 
meter squares. 

Grosh,  L.  C.,  and  Stifel,  J.  L .  Defects  in  the 
Membranous  Bones,  Diabetes  Insipidus  and 
Exophthalmus  with  Report  of  a  Case.  Arch. 
Int.  Med.,  Jan.  15,  1923,  xxxi,  78. 
The  purpose  of  this  paper  is  to  describe  an 
additional  case,  seven  similar  cases  having 
been  previously  reported. 

The  patient  was  a  girl  seven  years  old, 
having  healthy  parents  and  no  evidence  of 
inheritable  disease.  Brothers  and  sisters  were 
normal.  Birth  was  normal  and  child  showed  no 
abnormality  for  one  year.  During  her  second 
year  there  was  lack  of  development  and  under- 
weight. At  the  age  of  six  she  had  an  infected 
tooth  which  was  followed  by  mastoiditis, 
requiring  operation.  Seven  weeks  thereafter 
a  marked  thirst  developed,  tests  of  intake  and 
output  showing  a  definite  diabetes  insipidus. 
At  the  time  of  first  observation  the  patient  was 
seven  years  old.  Her  weight  was  30  lbs.  and 
she  was  only  3  ft.  8  in.  high,  showing  some 
evidence  of  dwarfism.  The  teeth  and  gums 
were  in  bad  condition  and  there  was  a  bullous 
eruption  in  themoutii;  alsoexophthalmusof  the 
left  eye.  An  .v-ray  examination  rc\caled  an 
area  of  rarification  in  the  right  temporal  bone 


about  5X10  cm.,  with  loss  of  lime  salts  and 
complete  translucency  of  the  bone. 

During  the  next  three  years  the  condition  of 
her  mouth  improved  considerablj'  under  diet- 
ary treatment.  Her  diabetes  insipidus 
remained  troublesome,  however,  and  her 
exophthalmus  continued.  A'-ray  examination 
of  the  skull  revealed  an  extension  of  the 
rarifying  process,  involving  the  entire  side  of 
the  skull.  Numerous  small  areas  of  similar 
rarification  were  present  in  the  other  mem- 
branous bones  and  a  very  large  area  was  found 
in  one  ilium.  The  edges  of  the  calcium  free 
areas  were  scalloped,  not  resembling  any  of 
the  bone  changes  seen  in  syphilis,  tubercu- 
losis, osteitis  fibrosa,  Paget's  disease,  bone 
cysts,  or  sarcoma.  Certain  rarifying  types  of 
metastatic  carcinoma  are  the  only  conditions 
with  which  this  might  be  confused. 

The  author  discusses  this  and  7  previously 
reported  cases  at  length,  but  no  attempt  is 
made  to  advance  any  new  theory  as  to  the 
cause  of  the  condition.  Several  very  instruc- 
tive illustrations  are  included. 

Pancoast,    Henry    K.    The    Roentgenologic 
Aspect  of  Chronic  Appendicitis.  Arch.  Surg. 
Jan.,  1923,  vi,  85. 
The  value  of  the  roentgen  examination  in 

connection  with  appendicitis  is  discussed  under 

several  heads: 

1.  Congenital  anomalies.  The  only  anoma- 
lies which  need  consideration  are  transposition 
of  the  viscera  and  failure  of  complete  rotation 
of  the  cecum. 

2.  Visualized  appendix.  Unfortunately,  the 
appendix  is  not  visualized  in  every  case  in 
which  a  gastrointestinal  study  is  made. 
Visualization  depends  on  the  patency  of  the 
lumen  to  the  opaque  medium.  It  seldom  occurs 
during  an  opaque  enema.  Obliteration  of  the 
lumen  naturally  prevents  filling,  but  it  is  not 
to  be  expected  that  every  normal  appendix 
will  fill  with  contents  of  the  cecum  at  all  times. 
Our  dependence  on  observation  of  the  visual- 
ized appendix  lumen  must  be  limited  to  a 
certain  proportion  of  cases.  This  study  must  be 
mainly  fluoroscopic.  When  plates  are  made 
they  must  be  made  under  fluoroscopic  control. 
The  diagnosis  of  disease  is  based  on  many 
appearances.  Adhesions  to  the  cecum,  pelvic 
colon,  ileum,  or  other  structures  must  be 
determined  from  fixation  detected  by  p:dpa- 
tion.  The  emptying  time  of  a  visualized  appen- 
dix is  important.  Poor  drainage  is  shown  by 
appendical  stasis.  Poor  drainage  cannot  be 
regarded  as  e\  idence  of  disease  except  so  far 
as  a  poorly  draining  appendix  can  be  regarded 
as  diseased,  or  potentially  so. 
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More  or  less  discomfort  is  usually  experi- 
enced when  firm  pressure  is  exerted  over  the 
appendix  or  cecum,  but  if  exquisite  tenderness 
IS  experienced  wlien  the  pressure  is  made 
directly  over  the  appendix  under  fluoroscopic 
control,  this  finding  is  of  considerable  value. 
Even  if  the  appendix  is  not  visualized,  the 
roentgen  ray  alwaj's  reveals  its  probable 
relation  to  the  tip  of  the  cecum,  and  tenderness 
at  this  point  is  always  suggestive.  It  is  wise  to 
have  clinical  data  furnished  by  a  pelvic 
examination  liefore  interpreting  tenderness 
over  an  appendix  or  low  cecum.  The  finding 
of  a  retrocecal  appendix  is  always  an  important 
one;  but  its  significance  must  be  determined 
by  the  clinician  and  surgeon.  Certainly,  if  it 
is  long,  fixed,  and  pointing  upward  in  a  case 
with  symptoms  referable  to  the  right  upper 
quadrant,  the  value  of  such  an  observation 
may  be  very  great. 

Fecal  concretions  or  opaque  foreign  bodies 
in    the    appendix    are    obviously    important. 

3.  Abnormal  appearances  in  other  struc- 
tures. When  the  appendix  is  not  visualized, 
the  presence  of  disease  must  be  indirectly 
inferred  from  abnormal  appearances  in  other 
structures.  However,  it  is  quite  possible  for 
the  appendix  to  be  diseased  without  any 
manifestations  elsewhere.  Most  important  is 
the  presence  of  adhesions,  especially  to  the 
terminal  ileum.  If  this  structure  is  kinked  or 
adherent  to  the  cecum  and  pelvic  inflammatory 
disease  can  be  ruled  out,  the  origin  of  such 
adhesions  is  probably  the  appendix.  Iliac 
stasis  alone,  provided  gastric  motility  is  not 
delayed,  suggests  disease  of  the  appendix. 
Continued  exquisite  tenderness  at  the  tip  or 
lower  inner  border  of  the  cecum  is  a  sign  of 
considerable  importance.  Definite  pyloric 
spasm  may  be  an  evidence  of  appendieal 
trouble. 

4.  The  discovery  of  some  conditions  other 
than  those  of  the  appendix  to  account  for 
symptoms.  Such  other  conditions  include  stone 
in  the  ureter,  gall-bladder  disease,  gastric 
and  duodenal  ulcer,  diverticulitis  of  the  colon, 
inflammation  of  Meckel's  diverticulum,  early 
malignant  disease  of  the  intestine,  tuberculosis 
of  the  cecum,  and  disease  of  the  spine.  Numer- 
ous other  conditions,  of  course,  exist,  especially 
in  gynecological  diseases,  which  are  usually 
beyond  the  pale  of  roentgenology.  Adhesions 
of  the  diaphragm  may  point  to  a  previous 
pneumonia  or  pleurisy  with  abdominal 
manifestations. 

5.  The  discovery  of  some  other  condition 
accompanying  appendicitis.  The  frequent 
coexistence  of  a  diseased  appendix  and  some 
other  surgical  condition  of  the  abdomen  is 
well    recognized.    If   the    symptomatology    is 


in  the  least  obscure,  or  some  other  condition 
is  suspected  elsewhere  in  addition,  a  complete 
roentgen  study  should  be  made. 

Le  Wald,  Leon  T.  The  Relation  of  the  Heart, 
Pericardium  and  the  Heart  Valves  to  the 
Anterior  Chest  Wall.  Arch.  Surs;.  Jan.,  1923, 
vi,  89.J 

The  author  cites  the  statements  of  our 
leading  anatomists,  finding  great  variations 
in  the  position  of  the  heart  and  its  valves  as 
reported  by  different  anatomists.  At  the  sug- 
gestion of  Professor  Senior,  of  the  Bellevue 
Hospital  Medical  College,  cadavers  were 
injected  through  the  right  carotid  artery  with 
equal  parts  of  commercial  liquor  formaldehyde 
and  water,  the  injection  being  begun  with  the 
body  in  the  horizontal  position  and  finished 
with  the  body  in  the  vertical  position.  The 
body,  which  had  been  stored  in  the  horizontal 
position  for  some  months,  was  frozen  and  the 
thorax  removed. 

The  frozen  thorax  was  then  cut  accurately, 
by  means  of  a  band  saw,  in  the  frontal  plane 
so  as  to  open  both  auricles  from  behind, 
without  interfering  with  the  contour  of  the 
heart.  In  the  intact  interior  portion  of  the 
thorax,  the  mitral  and  tricuspid  valves  were 
readily  accessible.  Wires  were  bent  so  as  to  fit 
accurately  the  groove  corresponding  to  the 
attachment  of  the  valves  to  the  heart  wall. 
The  wires  were  placed  in  position  from  the 
auricle,  and,  in  the  case  of  the  tricuspid  valve, 
fixed  by  means  of  two  sutures.  The  cusps  of 
both  auriculox'entricular  valves  were  found  to 
be  in  apposition.  The  interior  of  the  aorta  was 
reached  through  the  anterior  wall  of  the  left 
auricle.  The  region  of  the  pulmonary  valve 
was  made  accessible  by  removing  the  remainder 
of  the  left  lung  and  cutting  the  artery  longi- 
tudinally from  the  left  side.  Wires  were  shaped 
to  fit  the  aortic  and  pulmonarj-  orifices  and 
placed  so  that  they  were  in  contact  with  the 
deepest  part  of  each  of  the  semilunar  valve 
cusps,  which  provided  excellent  guides  in 
placing  the  wires.  After  placing  the  pulmonary 
ring,  the  cut  edges  of  the  vessel  came  into  posi- 
tion. The  accuracy  of  the  position  of  the  wires 
was  verified  after  roentgenograms  had  been 
taken. 

Teleoroentgenograms  and  stereoroentgeno- 
grams  were  made.  The  apex  is  in  the  fifth 
intercostal  space,  from  7.5  to  8  cm.  (3  to  33-^ 
in.)  from  the  median  line.  The  base  corresponds 
to  an  imaginary  line  (A)  drawn  from  a  point 
I  cm.  (^5  in.  )  below  the  second  left  chondro- 
sternal  articulation,  and  3  cm.  (1.^5  in.)  from 
the  median  line  to  another  point  the  same 
distance  from  the  median  line,    i   cm.  above 
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the  right  chondrosternal  articulation.  The 
margo  acutus,  or  lower  border,  corresponds 
to  a  line  (B)  drawn  from  the  apex  through 
the  xiphisternal  articulation,  to  a  point  on  the 
sixth  costal  cartilage,  2  cm.  to  the  right  of  the 
median  line.  The  right  border  of  the  heart  may  be 
indicated  approximately  by  an  imaginary  line 
(shghtly  convex  to  the  right),  joining  the  right 
ends  of  lines  A  and  B.  The  left  border  corre- 
sponds to  a  hne  fslighth'  convex  to  the  left) 
joining  the  left  end  of  A  to  the  apex. 

If  a  line  is  drawn  from  the  upper  margin  of 
the  left  third  chondrosternal  articulation  to  the 
right  edge  of  the  sternum  in  the  fifth  inter- 
costal space,  the  upper  end  of  the  line  will  lie 
over  the  center  of  the  pulmonary  orifice,  and 
the  lower  two-thirds  of  it  (approximately)  will 
overlie  the  main  axis  of  the  tricuspid  orifice. 
The  aortic  orifice  is  immediately  to  the  left  of 
the  above  line,  with  its  center  at  the  left  edge 
of  the  sternum,  opposite  the  third  space.  The 
mitral  orifice  is  very  largely  behind  the  third 
left  interspace;  its  upper  end  is  behind  the 
third  cartilage,  its  lower  behind  the  left  margin 
of  the  sternum,  opposite  the  fourth  cartilage 
and  space. 

Of  the  orifices  of  the  heart,  the  pulmonary  is 
the  nearest  to  the  anterior  thoracic  wall;  the 
tricuspid  is  slightly  in  advance  of  the  aortic, 
and  the  mitral  deepest  of  all. 

The  pericardium  follows  the  outline  of  the 
heart  closely.  The  upper  end  (apex)  in  this 
subject  extended  up  behind  the  sternum,  to 
the  lower  margin  of  the  first  costal  cartilage 
on  the  right  and  the  upper  margin  of  the 
second  on  the  left. 

The  positions  occupied  by  the  cardiac  ori- 
fices may  be  seen  plainly  in  the  illustrations. 
It  may  be  said,  however,  that  all  the  rings  are 
seen  from  the  lower  (anterior)  aspect  except 
the  aortic,  which  is  seen  from  above. 


Cassidv,  W'm.  J.  Carcinoma  of  the  Breast, 
Its  Combined  Treatment  with  Surgery, 
..Y-Ray  and  Radium.  J.  Mich.  M.  Soc,  Feb., 
1923,  xxii,  No  65. 

After  carefully  referring  to  the  surgical  tech- 
nique the  author  explains  that  it  has  been  his 
practice  wjien  possible  thoroughly  to  .v-ray 
cases  before  operation,  and  after  careful  block 
excision  to  begin  intensive  .\-ray  treatments. 
Latterly  this  has  been  supplemented 
by  direct  implantation  of  radium  element 
into  the  uterus  at  operation.  The  author 
claims  that  consistent  and  efficient  com- 
bination of  the  three  methods  referred  to, 
if  persistently  and  carefullx  used,  will  obtain 
eight-year  cures  in  o\er  80  per  cent  of  i)aticnts. 


Brooks,  Clark  D.,  and  Clinton,    \Vm.  R. 

Radium  Treatment  in  Cancer  of  the  Cervix. 

J.  Mich.  M.  Soc,  Feb.,  1923,  xxii.  No.  65. 

The  author  emphasizes  pre-operative  treat- 
ment with  the  x-ray  as  a  means  of  render- 
ing the  inoperable  cases  operable.  He  urges 
that  the  combination  of  radium  and  .v-ray 
therapy  in  cases  of  uterine  cancer  has  a  definite 
place  in  the  treatment  of  this  disease.  First, 
with  clinical  cure  of  some;  second,  with 
alleviation  of  those  two  very  distressing  symp- 
toms, namely,  foul  discharge  and  bleeding; 
third,  lessening  the  morbidity. 

Beattie,  Robert.  Treatment  of  Sub-Acute 
and  Chronic  Otitis  Media  with  the  Use  of 
the  A'-Ray.  J.  Mich.  M.  Soc,  Nov.,  192 1, 
XX,  449. 

Following  an  epidemic  of  influenza  in  which 
there  developed  a  great  manj'  cases  of  acute 
otitis  media,  the  author  had  an  opportunity 
to  test  the  effect  of  the  .-c-raj'S  on  the  acute 
and  chronic  suppurative  processes.  To  his 
surprise,  several  of  the  cases  cleared  up 
entirely  within  two  or  three  days  following 
,v-ray  examination.  At  first  he  thought  it 
merely  a  coincidence,  but  later  concluded  that 
there  was  a  relation  between  the  .v-ray  applica- 
tion, even  for  diagnosis,  and  the  cure. 

The  work  was  carried  out  in  association 
with  Dr.  George  Chene. 

Treatment:  6)2  in-  spark-gap;  10  in.  skin 
target  distance;  3  ma.  current;  3  mm.  alumi- 
num filter  plus  one  thickness  of  sole  leather. 

The  conclusion  of  the  author  is  that  the 
A-ray  is  of  possible  value  in  the  treatment  of 
sub-acute  and  early  chronic  types  of  otitis 
media.  In  the  chronic  cases,  however,  where 
necrosis  of  bone  has  occurred,  the  value  is 
doubtful.  The  effects  seemed  to  be  procured 
independent  of  the  type  of  infective  micro- 
organism. 

Evans,  \Villl\m  A.  A'-Ray  Treatment  in  the 
Diseases  of  the  Ear,  Nose  and  Throat.  J. 
Mich.  M.  Soc,  Feb.,  1923,  xxii,  No.  65. 
The  author's  interest  in  this  subject  w-as 
stimulated  by  the  publication  of  Witherbee's 
article  on  the  treatment  of  tonsils.  This  work 
was  supplemented  by  a  somewhat  extensive 
study  of  .v-ray  exposure  on  diphtheria  carriers 
recently  published  by  Dr.  Hickey,  which 
demonstrated  the  efficiency  of  .v-ray  exposures 
in  the  treatment  of  diphtheria  carriers,  the 
percentage  of  cures  being  higher  than  b\-  any 
other  method.  Whether  the  infection  was  in 
the  ear,  the  nose,  or  the  throat,  there  was  a 
higher  percentage  of  sterilization.  In  addition 
to  the  action  upon  the  Kloel^s-Loetller  bacillus, 
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it  was  noted  tiiat  practically  every  throat  was 
cleared  of  the  streptococcus-hemolyticus  and 
other  virulent  organisms. 

In  the  ear,  definite  clinical  improvement 
occurred  in  cases  associated  with  a  low-grade 
infection,  that  is,  the  sub-acute  ear  infections 
of  children  and  the  more  chronic  ones  of  adults. 
Good  results  were  also  obtained  after  radiation 
for  the  purpose  of  stimulating  granulation  in  the 
retarded  healing  following  mastoid  operation. 

The  author  offers  no  conclusions  regarding 
oteosclerosis.  Many  ear  symptoms  associated 
with  obstruction  of  the  Eustachian  tubes  by 
pharyngeal  conditions  are,  of  course,  relieved 
by  exposure  of  the  nasopharynx. 

Results  in  the  treatment  of  paranasal  sinus 
disease  have  not  been  encouraging. 

A  case  of  simple  lymphoid  hypertrophy, 
either  in  the  child  or  in  the  adult,  should  be 
treated  by  radiation  rather  than  by  the  surgical 
removal  of  the  offending  tissue.  There  is  a  type 
of  lymphoid  infection  in  which  satisfactory 
results  will  be  obtained  only  by  the  combination 
of  the  ultraviolet  ray  and  the  x-ray.  Actively 
infected  tonsils  should  be  surgically  removed. 
This  includes  cases  showing  the  usual  serious 
complications  of  tonsillitis,  such  as  endocarditis, 
nephritis,  acute  arthritis,  etc.  Little  or  no 
beneficial  results  are  obtained  in  treating  tonsils 
of  the  fibroid  type.  Postoperative  radiation 
will  increase  the  percentage  of  surgical  cures. 

Case,  James  T.  The  New  Roentgenotherapy 
in  Gynecology.  Texas  State  J.  M.,  Nov.,  1922. 
After  reviewing  the  development  of  deep 
roentgen  therapy  and  defining  it,  the  author 
discusses  the  value  of  the  newer  method  in 
gynecology.  Various  German  statistics  are 
reviewed  and  the  results  criticized.  The  author 
feels  that  the  published  German  figures  over- 
state the  results,  but  even  the  most  bitter 
critics  of  the  over-enthusiastic  admit  perhaps 
15  per  cent  of  apparent  cures  in  inoperable 
cases.  Several  well-known  gynecologists  have 
abandoned  operative  treatment  of  the  uterus 
in  any  stage. 

The  author  recommends  an  interval  of  from  six 
to  twelve  weeks  between  treatments,  although 
in  a  few  cases  where  the  first  series  of  treat- 
ments failed  to  produce  a  definite  reddening  of 
the  skin,  the  urgency  of  the  situation  has  led 
him  to  give  a  supplementary  dose  within  two 
weeks.  Late-appearing  damage  to  the  skin 
has  not  been  seen  in  any  gynecological  case, 
but  in  no  instance  has  the  author  continued 
the  treatment  after  the  third  massive  applica- 
tion. Radium  is  also  used  in  association  with 
the  x-ray  in  the  treatment  of  gynecological 
malignancies;  but  for  benign  lesions  of  the 
pelvis  in  which  radiation  is  indicated  it  cannot 


be  stated  that  the  newer  high  voltage  appara- 
tus or  the  radium  is  necessary-,  although  cer- 
tainly a  great  convenience. 

Pendergrass,  Eugene  P.,  and  Pancoast, 
Henrv  K.  The  Roentgen-Ray  Treatment  of 
Erythremia.  Am.  J.  M.  Sc,  June,  1922,  clxii. 

The  authors  discuss  the  close  relationship 
of  the  erythrogenetic  and  leukogenetic  func- 
tions of  the  bone-marrow  in  disease  and  report 
a  case  of  erythremia.  They  conclude  that 
erythremia  is  a  disease  of  the  erythroblastic 
tissues  of  the  bone-marrow;  roentgen  rays 
destroy  or  inhibit  the  formation  of  red  cells; 
roentgen  rays  should  be  used  in  the  treatment 
of  er\"thremia;  roentgen  rays  should  be  used  in 
the  treatment  of  secondary  polycythemia  when 
such  cases  fail  to  respond  to  other  treatment, 
such  as  drugs,  venesection,  etc.;  roentgen-ray 
treatment  has  been  efTicacious  in  the  case 
reported  and  it  has  proved  of  value  in  cases 
reported  bv  other  roentgenologists;  roentgen 
therapy  effects  a  more  permanent  result  than 
any  other  therapeutic  measure  used  or  recom- 
mended up  to  the  present  time. 

Various  authors  agree  that  the  spleen  is 
more  sensitive  than  the  bone-marrow  to  roent- 
gen rays.  After  moderate  doses  of  the  rays  the 
leukocytes  show  an  initial  rise,  followed  by  a 
pronounced  fall  and  a  subsequent  rise  to  normal. 
The  red  cells  show  an  initial  fall  after  moderate 
doses  of  roentgen  ra>  s.  This  may  last  for  long 
periods  of  time  or  the  cells  may  rise  to  normal 
in  the  course  of  a  few  -days.  Whatever  may  be 
the  ultimate  success  of  roentgen  therapy  in 
erythremia,  v-ray  treatment  is  merely  an 
agent  recommended  in  an  effort  to  find  some- 
thing that  will  give  relief  to  this  class  of  patients. 

The  treatment  of  the  spleen  is  given  to  stimu- 
late the  functions  of  that  organ.  In  the  case 
reported,  seven  series  of  roentgen-ray  treat- 
ments were  given  over  the  bones  and  the  spleen, 
and  in  addition,  at  times,  cross-fire  applica- 
tions were  given  over  the  spleen  because  of  the 
presence  of  myelitis.  The  seven  series  of  treat- 
ments were  given  between  December  3,  191 7 
and  April  20,  1920.  After  the  series  of  treat- 
ments the  patient's  blood  count  was  practically 
normal  and  at  the  time  the  article  was  written 
he  was  feeling  very  well.  He  had  no  cyanosis 
or  florid  color,  but  the  splenic  enlargement 
persisted.  In  fact,  the  spleen  was  larger  at  the 
date  of  reporting  than  when  the  patient  was 
first  seen. 

Dunham,    Kennon,  and  Skavlem,  John  H. 

Sinus  Disease  and  Lung  Infections.  J.  Radiol., 

Feb.,  1923,  iv,  37. 

The  first  step  in  the  difTerential  diagnosis  of 
lung  diseases  is  to  determine  whether  the  lesion 
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is  tuberculous  or  non-tuberculous.  In  any  case 
of  apical  catarrh,  purulent  bronchitis,  bronchi- 
ectasis or  localized  areas  of  pneumonia,  infec- 
tion in  the  head  or  throat  should  be  sought. 
The  symptoms  of  incipient  pulmonary  tubercu- 
losis are  the  symptoms  of  a  focal  infection. 
A  properly  interpreted  x-ray  chest  plate  is  the 
most  valuable  aid  in  the  differential  diagnosis 
of  tuberculous  lung  lesions  and  acute  infections 
secondary  to  sinus  disease. 

Collin,  Edward.  A  Study  on  the  Roentgen 
Aspect  of  Tuberculosis  of  tiie  Joints  and  its 
Relation  to  the  Clinical  Aspect,  especially 
when  under  Treatment  by  Universal  Light 
Baths.  Acta  Radiol.,  i,  Fasc.  4,  pp.  395-405. 

1.  Even  if  the  roentgen  aspect  reveals  no 
sign  of  tuberculous  changes,  it  does  not  exclude 
the  possibility  of  tlie  affection  being  tuberculous. 

2.  Sometimes  the  roentgenological  changes 
come  only  at  a  moment  wiien  the  clinical  symp- 
toms have  considerably  improved. 

3.  The  light  treatment  of  surgical  tuberculo- 
sis can  yield  extremely  fine  results,  even  where 
serious  roentgenological  changes  are  found; 
for  which  reason  one  cannot,  on  the  basis  of 
these  alone,  give  a  bad  prognosis;  because 
even  very  large  destructions  may  be  repaired. 

4.  Complete  roentgenological  healing  may 
occur  long  after  the  clinical  symptoms  have 
disappeared. 

5.  Tuberculous  osteitis  can  heal  spontane- 
ously, but  under  light  treatment  the  result  is 
cosmetically  and  roentgenologically  far  better, 
and  is  attained  more  quickly. 

6.  Simultaneously  with  clinical  improvement 
considerable  roentgenological  deterioration  is 
seen  at  times.  In  reality  this  is  merely  the  sign 
of  the  diseased  material  being  resorbed. 

7.  Extensive  arthritis  in  hand,  ankle,  knee 
and  elbow-joint  can  heal  with  new  formation 
of  articular  cartilage  and  good  function. 

8.  A  joint-end  seen  deformed  roentgenologi- 
cally can  occur  simultaneously  with  a  com- 
pletely free  function  clinically. 

Waldenstrom,  H.  The  Definite  Form  of  the 

Coxa    Plana.   Acta   Radiol.,   i,    Fasc.  4,  pp. 

384-394. 

The  diagnosis  coxa  plana  essentialis  can 
with  certainty  be  made  only  during  the  evolu- 
tionary stage.  The  definite  form  can  therefore 
only  be  studied  in  cases  that  are  followed  from 
the  beginning  of  the  disease. 

To  endeavor  to  explain  the  definite  form  of 
coxa  plana  I  have  examined  those  cases  where  I 
have  been  enabled  to  follow  the  development 
from  the  beginning  until  the  end  of  the  period 
of  growth.  There  were  22  hips;  10  of  these  have 
attained  an  age  of  over  twenty  years. 


The  definite  form,  that  I  can  hereby  estab- 
lish, is  shown  to  be  very  variable  in  respect  to 
the  degree  of  the  deformity,  but  the  flattening 
of  the  caput,  collum  and  acetabulum  is  common 
to  all. 

By  roentgenograms,  from  both  frontal  and 
lateral  views,  one  can  obtain  a  plastic  picture 
of  the  form  of  the  caput  and  collum  in  the 
different  eases.  It  can  then  be  seen  how  it  is 
mainly  the  anterosuperior  portion  of  the 
caput  that  is  enlarged,  and  that  this  portion, 
in  the  more  pronounced  cases,  lies  outside  of 
the  articulation.  With  respect  to  the  degree  of 
the  deformity,  I  have  divided  the  definite  coxa 
plana  into  three  groups: 

1.  The  caput  preserves  a  rounded  form.  The 
caput  and  the  collum  can  be  well  distinguished 
from    each    other    and    from    the    trochanter. 

2.  The  upper  and  frontal  part  of  the  enlarged 
caput  lies  close  to  the  greater  trochanter.  This 
portion  of  the  caput  is  seen  in  the  lateral 
projection,  greatly  enlarged,  lying  outside  of 
the  articulation.  The  upper  part  of  the  collum 
is  not  seen. 

3.  The  joint-surface  of  the  caput  is  uneven 
and  more  or  less  excavated.  The  upper  pole 
of  the  caput  is  edgeformed  and  usually  lower 
than   the  summit  of  the  greater   trochanter. 

I^URELL,  Hugo.  A  Contribution  to  the  Roent- 
genology of  Genuine  Mixed  Tumors  of  the 
Trunk.  Acta  Radiol,  i.,  Fasc.  4,  pp.  406-417. 
The  author  has  collected  from  the  literature 
a  number  of  roentgenologically  examined,  posi- 
tive, genuine,  mixed  tumors,  localized  to  the 
pelvis,  mediastinum  or  lungs;  besides  cases 
suspected  as  such.  Of  these  only  two  could  be 
roentgenologically  diagnosed  "with  certainty 
before  the  operation:  viz.,  those  of  Josepbson- 
Soderlund  (191 5)  and  Edeiken  (1922).  In  both 
these  cases  a  pelvic  dermoid  was  present  and 
the  finding  of  dental  elements  in  the  wall  of 
the  dermoid  cyst  served  to  establish  the 
diagnosis.  In  the  other  cases  the  diagnosis  was 
not  made  until  after  the  operation  or  remained 
uncertain,  while  neither  at  operation  nor  section 
could  a  positive  diagnosis  be  made. 

The  author  shows  some  roentgenograms 
from  a  resected  pelvic  dermoid  (not  roentgen- 
examined  before  the  operation)  which  con- 
tained a  well-developed  tooth  with  a  distinct 
root-canal,  also  a  retroperitoneal  teratoma  in 
the  superior  portion  of  the  abdominal  cavity, 
which  he  had  roentgen-diagnosed  in  1919. 
This  latter  case  is  described  in  detail.  The  find- 
ing of  an  irregular  mass  of  bone,  a  cyst  fully 
the  size  of  an  orange,  and  a  tooth  with  visible 
root-canal  enabled  him  to  make  his  diagnoses. 
In  agreement  with  other  authors  the  writer 
emphasizes  the   importance  of  bearing  these 
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mixed  tumors  in  mind  at  the  roentgen  examina- 
tion of  tiie  inner  organs  of  the  trunk,  which, 
thanks  to  the  occurrence  of  iione  and  tooth 
elements,  can  be  diagnosed  in  a  fairly  big 
percentage.  Well-developed  teeth  are  of  partic- 
ularly great  diagnostic  value.  If  the  teeth  are 
deformed,  however,  or  for  technical  reasons  or 
others  do  not  appear  distinctly  on  the  plate, 
then  they  can  occasion  misinterpretation.  For 
instance,  when  shown  to  be  in  the  urinary  tract, 
they  can  lead  to  diagnoses  of  concretions  in 
the  ureter. 

The  dental  elements  can  lie  quite  free  in 
these  tumors  or  be  imbedded  in  a  distinct 
matrix  of  bone;  they  can  be  found  isolated  or 
multiple,  deformed  or  normal.  They  can  appear 
as  permanent  or  as  milk-teeth  and  at  various 
stages  of  development.  It  is  important  to 
remember  that  tooth  and  bone  elements  can  be 
found  without  the  coincidental  presence  of  a 
palpable  tumor. 

If  the  mixed  tumors  contain  no  bone  and 
tooth  elements,  then  they  cannot  be  diagnosed 
with  certainty.  However,  it  is  of  a  certain 
diagnostic  value  if  we  can  prove  the  shape  of 
the  tumor,  which  is  possible  with  some  of  these 
growths.  It  is  most  easily  accomplished  when 
they  are  localized  to  the  thorax  and  are  sur- 
rounded with  transparent  pulmonary  paren- 
chyma, but  also  possible  when  found  in  the 
abdominal  cavity  and  pelvis.  These  genuine 
mixed  tumors  (dermoid  cysts)  are  mostly  of 
a  more  or  less  rounded  shape,  but  other  forms 
of  them  can  have  rounded  outlines  too,  at 
least  in  part. 

NoRDENTOFT,  S.  On  the  Roentgen  Treatment 
of  Brain  Tumors.  Acta  Radiol.,  i,  Fasc. 
4,  pp.  418-421. 

A  report  of  19  cases  of  clinically  diagnosed 
tumor  of  the  brain,  treated  by  roentgen  irradia- 
tion. Probably  some  of  them  have  been  cyst 
meningitis  serosa  etc.,  not  responding  to  irra- 
diation. Nine  of  them  seem  to  be  cured  (some 
of  them  with  remaining  defects  as,  for  instance, 
hemianopsia)  and  are  surviving,  one  of  them 
two  and  a  half  years,  the  others  from  three  and 
a  half  to  six  and  a  half  years  after  treatment. 
Through  the  good  effects  of  irradiation  the 
diagnosis  of  brain  tumor  is  confirmed. 

Edling,  Lars.  The  Results  of  our  Treatment 

of  Tuberculous  Lymphadenitis  by  Roentgen 

Rays    at   Lund    from    1908    to    1918.    Acta 

Radiol.,  i,  Fasc.  4,  pp.  455-469. 

After   having   quoted   the   most   important 

dates  in  the   historj-   of  the  radiotherapy  of 

lymphadenitis,     the     author     describes     the 

development  of  the  technique  of  this  treatment 

at    the    Roentgenological    Institute    in    Lund. 


Since  1913  to  1914  this  technique  is  charac- 
terized by  the  method  of  deep  irradiation  with 
aluminum  filters  of  3-4  mm.,  of  secondary 
filters  in  gauze,  a  focus  distance  of  18-20  cm. 
and  doses  varying  from  1I/2  to  5  H  (larger 
doses  only  by  exception);  for  children,  on  the 
contrary,  generally  not  exceeding  2-3  H.  The 
author  himself  maintains  a  certain  reserve  in 
respect  to  the  use  of  stronger  doses  filtered  by 
heavy  metal,  as  to  the  disease. 

From  a  clinical  standpoint  he  divides  the 
process  of  the  lymphadenitis  into  three  phases: 
( i)  simple  hyperplasia  of  the  tuberculous  glands, 
(2)  formation  of  large  glandular  masses  with 
periadenitis,  (3)  suppuration  softening  with 
fistulas  and  scrofuloderma. 

The  results  of  the  irradiation  for  these  phases 
are  as  follows: 

All  the  observations  comprise  206  cases,  of 
which  70  belong  to  the  first  phase,  32  to  the 
second  and  104  to  the  third.  Recovery  (dis- 
appearance or  atrophy  of  the  glands  with  small 
fibrous  remnants)  in  group  (i)  has  been  made  in 
70  per  cent  of  these  cases,  in  group  (2)  in  56  per 
cent,  in  group  (3)  2  per  cent;  in  84,  6  per  cent. 
An  improvement  has  been  made  in  20  per  cent, 
28  per  cent  and  in  5,6  per  cent,  embracing  either 
cases  with  diminution  of  the  lymphomata  or 
those  where  the  treatment  was  interrupted  or 
not  yet  concluded.  Fourteen  cases  of  recur- 
rences have  been  recorded  (in  6,  7  per  cent)  of 
which  3  were  from  group  ( i )  and  2  from  group 
(3).  There  have  been  eight  deaths.  In  calculat- 
ing the  total  duration  of  treatment,  a  space  has 
been  reached  varying  from  6^2  to  8^fo  months 
tor  the  difterent  groups.  In  the  cases  belonging 
to  group  (i)  the  treatment  has  generally  yielded 
a  favorable  result  unless  the  lymphomata  have 
already  been  strongly  indurated.  The  great 
glandular  masses  with  caseous  degeneration 
take  much  time  to  resorb.  In  these  cases  the 
limits  between  groups  (2)  and  (3)  cannot  be 
clinically  established  with  certaint}',  but  the 
gravity  of  the  cases  depends  on  the  develop- 
ment observed  during  treatment,  in  this  sense; 
that  the  latter  facilitates  suppuration,  suppos- 
ing that  such  a  tendency  exists.  The  softening 
can  also  occur  in  solitary  and  absolutely 
mobile  glands. 

In  the  event  of  suppuration  the  abscess  is 
generally  treated  by  incision,  radical  scraping 
and  then  tamponade  for  several  daj^s,  after 
which  the  fistula  is  allowed  to  close.  In  suitable 
cases  we  endeavor  to  confine  ourselves  to 
punctures.  If  fistulas  or  scrofuloderma  already 
exist,  the  treatment  begins  ^\•ith  scraping.  The 
scars  resulting  from  the  incisions  are  often 
remarkably  fine  and  equal.  The  soft  lympho- 
mata do  not  give  a  bad  prognosis  in  radio- 
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therapy;  rather  the  contrary.  A  tardy  softening 
can  survive  up  to  five  years  after  the  ceasing 
of  the  treatment. 

A  comparison  with  the  surgical  statistics 
of  the  iymphomata  shows  that  radiotherapy 
furnisiics  a  much  higher  percentage  (77  per 
cent  against  54  per  cent  after  operation)  and  a 
lesser  number  of  recurrences  (30  per  cent 
against  28  per  cent  of  operation  cases).  On 
the  other  hand,  the  treatment  by  roentgen 
rays  offers  a  certain  rislc  of  secondary  lesions 
of  the  skin.  The  author  has  observed  such  in 
36  cases,  of  which  the  half  were,  however,  of 
very  light  nature.  These  lesions  can,  however, 
always  be  a^■oided  by  means  of  an  appropriate 
technique.  More  serious  lesions,  such  as 
atrophy  of  the  skin  with  telangiectasia  or  pig- 
mentation, are  not  included  in  the  author's 
observations.  By  radiotherapy  the  patient 
avoids  the  unpleasantness  of  a  serious  opera- 
tion, and  the  cosmetic  result  is  often  much  to 
be  preferred.  The  excellent  results  of  irradiation 
show  to  the  best  advantage  in  cases  where  the 
surgeon   has   little  success   (abscess,    fistulas). 

On  the  other  hand,  the  radiological  treat- 
ment suffers  from  the  inconvenience  of  being  of 
long  duration,  frequently  also  combined  with 
tiresome  and  expensive  journeys,  which  is  a 
matter  to  be  taken  into  consideration  where 
patients  with  limited  means  are  concerned. 
Operation  is  preferable  for  solitary  and  mobile 
Iymphomata  without  softening,  as  well  as  for 
cases  where  there  are  great  masses  of  indurated 
glands  that  have  not  been  reduced  after  a  cer- 
tain period  of  irradiation.  A  combination  of 
universal  light  baths  is  often  to  be  recom- 
mended, especially  when  diffuse,  soft  or  fistu- 
lous Iymphomata  are  in  question,  complicated 
by  tuberculosis  of  the  skin  and  a  bad  general 
condition. 

Akerlund,  Ake.  On  a  Device  for  the  Dia- 
phragming  of  the  Secondary  Radiation  during 
Roentgen  diagnosis.  Acta  Radiol.,  i,  Fasc.  4, 
pp.  480-486. 

After  an  account  of  the  various  contrivances 
designed  by  Bucky,  Lotzin  and  Potter  for  the 
diaphragming  of  the  secondary  rays  in  roent- 
gen diagnosis,  the  author  describes  a  new  model 
of  a  movable  secondary  diaphragm  which  has 
yielded  extremely  promising  results.  This 
diaphragm  has  the  shape  of  a  rotating,  flat, 
circular  plate  of  transparent  material  on  which 
a  number  of  close-set,  spiral  leaden  strips  arc 
applied  parallel  to  each  other  and  centered 
exactly  in  the  center  of  movement,  and  which 
are  at  the  same  time  adjusted  in  the  plane  of 
the  primary  ray,  so  that  they  converge  towards 
the  tube-focus. 


Heyman,   James.    Results   of  the  Treatment 
of    Climacteric    Hemorrhages    by    Radium 
Therapy    in  the  Radium  Clinic,  Stockholm. 
Acta  Radiol.,  i,  Fasc.  4,  pp.  470-474. 
From   1916  to  1921  there  were  49  cases  of 
non-complicated       climacteric       hemorrhages 
treated  at  the  Radium  Institute  in  Stockholm, 
Sweden.   These  cases  were  subsequently  fol- 
lowed. All   of  them  were  treated  by  radium. 
Single  treatments  in  41  cases,  of  which  30  were 
intrauterine  and   ii   vaginal;  in  7  cases,  two 
treatments,    and  in   i   case,  three  treatments. 
Result:  Amenorrhea  in  32  cases,  olig-^menor- 
rhea  in  16  cases.  One  case  was  unsuccessful. 

Ernst,  N.  P.  Results  of  Treatment  of  Surgical 

Tuberculosis  with  Carbon  Arc-Light  Baths 

Finsen's  Light  Institute  from  1913  to  1921. 

Acta  Radiol.,  i,  Fasc.  4,  pp.  422-454. 

At  the  Finsen  Medical  Light  Institute  in 
Copenhagen,  on  the  initiative  of  Doctor  Reyn, 
"Finsenbaths"  (carbon  arc-light  baths)  have 
been  employed  since  191 3  for  treatment 
of  patients  suffering  from  lupus  or  surgical 
tuberculosis. 

In  all,  439  patients  suffering  from  surgical 
tuberculosis  have  been  treated;  145  cases  of 
uncomplicated  tuberculosis  and  294  cases  of 
tuberculosis  complicated  with  abscess  or  fistulas. 

The  results  of  the  treatment  have  been 
remarkably  good. 

In  158  cases  of  uncomplicated  tuberculosis 
in  joints  and  bones  12  have  broken  off  the 
treatment.  Of  the  rest  (146)  122  or  83  per  cent 
were  cured,  5  were  improved  and  only  19  were 
unchanged. 

In  396  cases  of  surgical  tuberculosis 
complicated  with  abscess  or  fistulas,  24  have 
broken  off  the  treatment  and  10  have  died 
under  treatment.  Of  the  remaining  362,  332  or 
91  per  cent  were  cured:  255  with  free  movement, 
55  with  partial  movement  and  22  without 
movement;  15  were  improved  and  only  25  were 
unchanged. 

As  regards  the  results,  one  may  remember 
that  the  greater  number  of  the  patients  are 
adults  (less  than  3i  are  recruited  from  child- 
hood) and  further,  many  of  our  patients  have 
been  ill  for  so  many  years  that  a  priori  any 
thought  of  recovery  had  to  be  excluded. 
Furthermore  it  may  be  remembered  that  many 
of  our  patients,  on  account  of  lack  of  space,  and 
much  against  our  wishes,  have  had  to  be 
treated  ambulantly,  and  during  the  treatment 
they  have  lived  in  their  exceedingly  poor 
homes. 

The  best  results  are  obtained  in  cases  of 
tuberculosis  in  hand,  foot  and  elbow-joint, 
also  in  all  forms  of  osteitis  both  complicated 
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and  uncomplicated.  Tiie  cases  whicii  have 
proved  refractory  are  the  uncomplicated  tendo- 
synovitis,  and  the  very  old  fistulous  bone  affec- 
tions in  columna  pelvis  and  coxa. 

Sears,  Nathan,  P.  A  New  Method  of  Making 

Ureteropyelograms.   Surg.,   Gynec.   &"  Obst., 

Feb.,  1923,  xxxvi,  274. 

A  wax  spindle  about  2.5  to  3  mm.  in  diameter 
is  placed  on  the  whistle  tip  catheter  about  i  to 
1.5  cm.  from  the  tip.  The  catheter  is  threaded 
back  through  the  cystoscope  in  the  usual  way 
of  passing  wax  tips  (described  ijy  Harris  and 
also  by  Hinman).  The  instrument  is  then  intro- 
duced, the  catheter  with  the  bulb  is  passed  into 
the  ureter  to  be  studied  so  that  the  bladder 
wall  holds  the  bulb.  This  permits  the  tip  of  the 
whistle  tip  catheter  to  enter  the  ureter.  The 
other  side  is  catheterized  and  urine  collected 
from  each  for  studj'.  The  patient's  shoulders 
are  elevated  slightly  and  a  14  X  17  .v-ray  plate 
is  placed  under  the  back  so  that  it  inclines 
downward  at  an  angle  of  about  10  to  15°.  The 
ureter  and  pelvis  are  then  gently  filled  in  the 
usual  manner. 

If  the  patient  is  flat  on  his  back  the  upper 
ureter  does  not  fill,  probablj'  due  to  the  fact 
that  the  fluid,  after  crossing  the  iliac  crest, 
flows  rapidly  to  the  pelvis  and  produces  the 
pain  of  distention,  prohibiting  further  injection. 
The  Trendelenburg  position  permits  the  kidney 
to  fall  upward  and  thus  disturbs  its  casual 
position  and  does  not  give  true  information. 
After  the  exposure  the  catheter  may  be  passed 
up;  or,  if  the  bulb  interferes,  another  catheter 
in  place  of  the  opposite  one,  which  can  be 
removed,  is  passed  to  drain  the  fluid.  However, 
the  fluid  usually  flows  back  more  quickly  with 
the  catheter  low  in  the  ureter  than  with  the 
older  method. 

By  this  technique  accurate  information 
regarding  stricture  or  kink  can  be  obtained  and 
obscure  causes  of  pain  located. 

Strauss,  A.  The  Problem  of  Radium  and  Sur- 
gery in  the  Treatment  of  Cancer.  Ohio  M.  J., 
Feb.,  1923,  xix,  85. 

The  author  advocates  the  following  methods: 
Because  of  the  high  operative  mortality',  the 
mutilating  operation,  to  which  few  will  submit, 
and  the  low  percentage  of  cures,  cancer  of  the 
tongue  is  a  disease  to  be  treated  by  radium 
to  the  local  lesion  and  radium  and  operation  to 
the  glands  of  the  neck.  This  also  applies  to 
recurrences  and  carcinoma  of  the  lower  lip. 
Carcinoma  of  the  breast  is  still  considered  a 
surgical  disease  and  radium  and  x-ray  are  to  be 
used  as  aids.  In  fundus  growths  heavj^  doses  of 
radium  should  be  applied  intrauterine  to  stop 


the  growth  of  the  cells  in  the  uterus  before 
hysterectomy.  Radium  is  gradually  finding  an 
extended  field  in  both  operable  and  borderline 
cases  of  cancer  of  the  cervix.  Because  recur- 
rences do  not  take  place  in  the  uterus  but  in  the 
parametrium  and  glands,  no  case  of  cancer  of 
the  cervix  should  be  removed  after  raying. 
Radium  is  effecting  nearly  the  same  percentage 
of  cures  in  cancer  of  the  rectum  as  surgery,  but 
a  preliminary  colostomy  is  necessary  to  avoid 
unbearable  pain. 

de  CouRMELLES,  FovEAU.  Radioanaphvlaxie. 
Arch,  d'electric.  med.  et  de  physiotherapie, 
Nov.,  1922,  No.  482,  p.  32-. 

The  field  of  radiation  therapy  is  similar  to 
those  of  the  application  of  medicaments  and  of 
foods,  in  that  idiosyncrasies  actually  make 
themselves  apparent.  In  the  early  days  of 
.v-ray  work,  in  1896,  A.  Soret,  of  Havre,  noted 
immediate  burns,  dermatitis,  epilation;  in  fact, 
an  entirely  new  "radiopathy"  due  to  the 
radiations. 

The  apparatus  used  then  was  very  weak  and 
was  employed  more  or  less  in  the  same  fashion 
for  all  patients,  with  long  applications;  but 
on  the  whole,  patients  were  burned  very  little. 
It  seems,  therefore,  well  to  admit  that  there 
may  be  a  special  sensibility,  an  idiosyncrasy, 
today  called  radiosensibility. 

On  the  other  hand,  some  patients  (or  rather, 
the  majority  of  patients,  because  radio  therapy 
of  fibroma  came  quickly)  stood  the  first  treat- 
ments very  well,  while,  when  treatment  was 
omitted  for  a  certain  time,  on  resumption  of 
treatment  violent  general  or  local  reactions 
were  frequently  noted.  This  could  not  be 
explained  as  a  cumulative  effect,  and  for  lack 
of  a  better  explanation  this  radiopathy  was 
called  radiation  sickness  (A.  Beclere). 

The  author  goes  into  an  extensive  discussion 
of  the  untoward  effects  of  radium  and  .v-rays 
upon  patients,  physicians,  and  technical 
workers,  and  concludes  that,  whatever  its 
nature,  radio  anaphylaxis  does  exist.  He 
suggests  that  some  day  there  will  be  discovered 
a  means  of  desensitizing  radiologists  and  others 
who  are  subject  to  it. 

Beclere,  M.  Existe-t-il  des  Fibro-Myomes 
de  rUterus  Refractaires  a  la  Roentgen- 
theraphie?  Arch,  d'electric.  med.  et  de 
physiotherapie,  Dec,   1922,  No.  483,  p.  362. 

The  author  claims  that  before  the  natural 
menopause,  especially  in  young  women,  the 
ideal  in  the  treatment  of  uterine  fibroids  would 
be  to  destroy  the  lesion  while  conserving  the 
organ  and  its  function.  This  ideal  is  occasionally 
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realized.  Nearly  always  it  is  necessary  to  pursue 
the  treatments  until  the  periods  have  been 
suppressed.  This  suppression  and  the  hot 
flashes  which  accompany  it  are  in  the  great 
majority  of  cases  the  indication  of  cure.  At 
this  time  all  loss  of  blood  has  ceased  and  the 
fibroids,  which  have  already  more  or  less 
notably  diminished  in  volume,  continue  to 
retrogress  and  occasionally  disappear  com- 
pletely. Sometimes,  in  spite  of  the  suppression 
of  the  menstrual  function,  the  losses  of  blood 
persist  more  or  less  abundantly  and  always 
irregularly.  The  question  brought  up  in  this 
connection  is,  therefore,  subdivided  into  two 
parts: 

1.  Does  roentgenotherapy  always  bring 
about  suppression  of  the  periods  with  more  or 
less    notable    retrogression    of    the    myoma? 

2.  Does  roentgenotherapy  always  cause  the 
cessation  of  all  loss  of  blood? 

The  first  question  is  answered  in  the  affirma- 
tive, not  only  because  in  his  series  of  700 
observations  the  author  has  always  obtained 
suppression  of  the  periods  with  more  or  less 
notable  diminution  in  the  size  of  the  tumors, 
but  also  because  in  patients  who  have  under- 
gone long  treatment  without  success  by  well- 
known  or  even  renowned  radiologists,  who 
have  without  doubt  not  given  a  sufficient 
depth  dose,  the  author  has,  with  correct  tech- 
nique obtained  the  desired  result.  By  way  of 
illustration  he  reports  10  such  cases,  of  which 
7  had  been  treated  with  the  .x-rays  and  3  with 
radium. 

The  answer  to  the  second  question,  according 
to  Beclere,  is  not  so  definitely  affirmative. 
When  the  losses  of  blood  persist  after  suppres- 
sion of  the  periods — these  losses  not  being  due 
to  the  exceptional  coincidence  of  an  epithelioma 
of  the  intrauterine  mucosa  which  demands 
hysterectomy,  or  to  the  presence  of  a  polypus 
which  requires  vaginal  excision — these  bloody 
losses  sometimes  cease  of  themselves  without 
further  irradiation;  although  in  other  cases, 
when  they  are  more  abundant  and  more  fre- 
cjuent,  they  necessitate  persistence  in  the 
treatment,  finally  disappearing  under  its  influ- 
ence. However,  there  is  a  small  group  of  cases 
which,  in  spite  of  repeated  treatment,  linallj' 
require  surgical  intervention.  This  has  been 
observed  by  Bcclere  seven  times  in  700  cases. 
In  these  seven  cases  hysterectomy  was  success- 
fully performed  and  revealed  in  the  cavity 
of  the  uterus  a  suljmucous  fibroid  of  greater 
or  less  size,  without  any  other  lesion  of 
the  mucosa.  In  spite  of  these  seven  cases, 
the  author  insists  that  the  presence  of  sub- 
mucous fibroids  is  not  a  contraindication  for 
roentgenotherapy. 


NoGiER,  Th.  Traitement  de  I'  Hypertrophic 

Amygdalienne  par  les   Rayons  x.   Arch,  d' 

electric,    med.    et    de    physiotherapie,    Dec, 

1922,  No.  483,  p.  364. 

The  author  gives  a  brief  history  of  the 
method  described  in  19 13  by  himself  and 
Regaud  for  the  treatment  of  tonsillar 
hypertrophy. 

Soft  hypertrophied  tonsils  in  which  the  over- 
growth of  tissue  involves  the  Ij'mphatic 
follicles,  that  is,  the  lymphoid  tissue,  consti- 
tute the  only  form  of  hjpertrophy  in  which  the 
.x-ray  treatment  is  trulj'  useful. 

The  results  are  very  satisfactory-  and  there 
have  been  noted  no  recurrences  when  the  dose 
was  sufficient. 

Radiotherapy  is  a  mode  of  treatment  which 
is  painless,  which  does  not  expose  the  patient 
to  any  complications,  and  which  is  not  accom- 
panied by  any  risk  of  fatal  hemorrhage.  It  is 
the  only  method  to  be  employed  in  hemophilia 
and  nephritis,  and  for  infants  below  the  age  of 
four  years. 

Ledoux-Lebard.   Le  cancer  des  radiologistes. 

Paris  med.,  April  8,  1922. 

The  author  discusses  the  cancer  that 
develops  on  a  chronic  radiodermatitis,  which, 
like  all  persisting  irritations,  favors  the  develop- 
ment of  cancer.  He  believes  that  it  is  rather 
frequent  to  find  this  malignant  transformation 
occurring  in  chronic  radiodermatis — 20  to  30 
per  cent  of  cases.  Clinically  he  distinguishes 
two  varieties:  (a)  the  verrucous  form;  (b) 
the  ulcerating  form.  The  malignancy  of  this 
type  of  cancer  is  very  great,  causing  15  cases 
of  death  out  of  77  observations.  The  appear- 
ance of  this  lesion  is  similar  to  the  appearance 
of  the  lesions  of  the  chronic  radiodermatitis 
which  surrounds  it.  There  are  no  special 
characteristics,  either  clinical  or  histological, 
to  differentiate  the  lesion,',and  error  is  therefore 
easy. 

The  treatment  should  be  especially  directed 
to  prevention,  because  with  reasonable  pre- 
cautions the  disease  is  preventable.  In  the 
younger  generation  of  radiologists  these  pro- 
fessional radiodermatitis  lesions  are  exceptional. 
Epithelial  verrucosities  should  be  destroyed,  as, 
for  instance,  by  carbon  dioxide  snow.  Roentgen 
therapy  lias  given  some  good  results,  but  it  is 
especially  with  radium  that  the  author  has  seen 
complete  cures. 

LiLiENTHAL,  HowARD.  Rescction  of  the  Lung 
for    Suppurative    Infections.    Aiin.    Surg., 
Mch.,  1922,  Ixxv,  25-. 
This  interesting  article  contains  a  section  on 

bronchoscopy   and   .\-ray   examination.  Within 
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limits,  the  more  one  knows  of  the  location 
and  character  of  the  disease  before  operating 
the  better.  But  though  the  author  heartily 
favors  bronchoscopy,  it  need  not  be  employed 
in  every  case.  After  all,  the  chest  is  to  be 
opened,  and  opened  widelj',  and  conditions  may 
then  become  apparent  that  could  not  possibly 
have  been  predicted.  The  really  necessary 
things  to  know  are  (i)  whether  the  disease  is 
in  the  upper  or  the  lower  part  of  the  chest; 
(2)  whether  it  is  near  the  hilum  or  near  the 
periphery;  (3)  whether  there  is  perhaps  a 
foreign  body  or  a  tumor  present  in  the  bronchus 
as  a  cause  of  the  suppuration. 

The  x-ray  may  show  all  these  things.  In 
making  roentgenograms  in  all  chest  cases  the 
upright  position  is  the  best  for  completeness. 
The  diaphragm  is  low  and  the  chest  capacity 
greatest.  In  the  prone  or  supine  posture  the 
diaphragm  is  crowded  upward  by  the  abdomi- 
nal viscera,  and  in  its  turn,  distorts  the  appear- 
ance of  the  thoracic  organs.  Level  lines  in  the 
presence  of  air  and  fluid  cannot  be  seen  when 
the  patient  is  recumbent  with  the  rays  passing 
from  front  to  back  or  vice  versa.  When  the 
patient  cannot  be  placed  upright,  the  exposure 
may  be  made  anteroposteriorh'  while  he  lies 
on  his  unaffected  side.  Fluid  levels  may  thus 
be  demonstrated,  and  by  taking  the  picture  in 
both  positions  the  size  of  the  cavity  can  be 
estimated,  and  unsuspected  ones  may  be 
discovered. 

Sometimes,  however,  bronchoscopy  will  reveal 
what  the  .v-ray  cannot  disclose.  For  instance, 
the  x-ray  may  show  a  triangular  shadow  and 
the  history  may  indicate  the  presence  of  intra- 
pulmonary  suppuration;  but  the  bronchosco- 
pist  may  find  and  remove  an  aspirated  lemon 
seed,  radiotransparent,  which  caused  all  the 
trouble.  Also,  it  may  be  convenient  to  know 
whether  the  pus  is  coming  from  one  or  more 
lobes  when  the  .v-ray  shadow  leaves  one  in 
doubt:  this  more  as  a  matter  of  prognosis  than 
influencing  technique. 

B.'^iLEY,  Harold,  and  Quimbv,  Edith.  The 
Use  of  Radium  in  Cancer  of  the  Female 
Generative  Organs.  Am.  J.  Obst.  C"^  Gynec, 
Feb.,  1922,  iii,  117. 

This  paper  describes  the  Memorial  Hospital 
technique  for  the  employment  of  radium  in 
cancer  of  the  female  generative  organs,  and 
is  a  collaboration  between  the  gj'necological 
and  physical  departments. 

The  history  of  the  work  is  carried  back  to 
January,  191 5.  Tables,  photographs  and  draw- 
ings are  given  showing  the  enipIo>incnt  of  the 
"bomb"  with  which  the  authors  have  been 
able  to  give  as  high  as  3,000  mc.   hours   of 


radium  treatment  in  the  vaginal  vault  with 
but  little  irritation  of  the  bladder  and  the 
rectum. 

The  original  article  contains  full  details 
which  are  well  worth  study.  The  full  technique, 
using  the  external  radiation  as  an  aid  to  the 
capsule  and  bomb,  was  not  in  routine  use  until 
1918.  If  the  advanced  primary  cancer  and  the 
recurrent  cancer  groups  are  taken  together, 
there  were  132  cases  treated  previous  to  Jan- 
uary I,  1 918,  and  there  are  but  5  cases  alive 
today.  If  these  same  groups  are  talcen  for  1918, 
there  are  76  cases,  and  15  are  alive;  for  1919, 
112,  and  40  living;  for  1920,  129,  and  85  still 
alive.  While  the  prospects  of  greatly  reducing 
these  figures  are  present  and  sure,  nevertheless, 
the  indications  are  that  in  these  groups  the 
greatest  advance  has  been  made. 

The  follow-up  of  the  operable  and  borderline 
classes  will  have  to  be  continued  through 
three  or  four  more  years  before  deductions 
may  be  made.  The  author's  present  figures 
are  remarkable  and  indicative. 

In  the  prophylaxis  after  hysterectomy  great 
care  must  be  used  that  the  tissues  are  not 
overradiated.  The  end  results  in  this  class  are 
very  good  for  the  time  elapsed  since  treatment. 

Coffey,  Robert  C.  Treatment  of  Cancer  of 
the  Rectum.  Ann.  Surg.,  Oct.,  1922,  Ixxvi, 
500. 

The  author  recognizes  surgery  as  the  princi- 
pal method  of  treatment  of  cancer  of  the 
rectum.  For  obvious  reasons  the  cautery  may 
be  eliminated  except  in  the  lower  two  inches, 
and  even  there  is  has  no  advantages.  In  the 
opinion  of  the  author,  the  application  of  the 
.v-ray  is  impractical  owing  to  the  anatomical 
location  of  the  lesions.  It  is  interesting  to  note 
the  author's  conclusions  regarding  radium, 
in  which  he  has  been  greatly  disappointed 
and  for  no  reason  which  he  is  able  to  explain, 
in  view  of  the  remarkable  success  of  radium  in 
the  treatment  of  cancer  of  the  uterus. 

Hochenegg's  clinic  reports  more  than  700 
cases  of  cancer  of  the  rectum  treated.  Of  these, 
28  were  treated  with  radium  and  only  one  gave 
good  results.  Many  were  made  very  uncom- 
fortable and  were  worse  than  if  no  treatment 
had  been  given. 

Coffey  reports  8  cases  in  which  he  employed 
radium  in  connection  with  a  preliminary  colos- 
tomy, the  radium  being  drawn  immediatelj' 
into  the  growth  as  accurately  as  it  could  be 
done  in  carcinoma  of  the  cervix.  In  some  of 
the  cases  a  rectal  tube  was  passed  down  through 
the  colostomy  opening  and  out  through  the 
rectum.  Radium  tubes  were  arranged  in  tandem 
in  the  rubber  tube.  An  annular  pack  of  gauze 
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was  sewed  around  the  tube  just  partially 
covering  the  lower  tube  of  radium.  This 
circular  pack  of  gauze  was  for  the  purpose  of 
stopping  the  tube  in  the  growth  as  it  was 
drawn  upwards.  Gauze  was  then  packed  in  the 
rectum  below  this  and  a  safety  pin  passed 
through  the  end  of  the  tuiae  as  it  emerged  from 
the  colostomj^  opening.  In  cases  ^^•here  the 
growth  was  strictly  limited  to  one  wall  of  the 
rectum,  a  sheet  of  lead  was  placed  on  the  oppo- 
site wall  for  its  protection.  In  one  case  of  verj' 
extensive  cancer  of  the  lower  rectum,  the 
growth  apparently  was  temporarily  killed.  An 
annular  scar  took  its  place.  Owing  to  the 
advanced  condition  of  the  disease,  the  patient 
died  within  a  few  months  with  extension 
farther  up  in  the  pelvis.  No  other  patient  was 
even  temporarily  cured  or  made  more  com- 
fortable. Several  of  the  patients  suffered 
unspeakable  pain,  apparent!}'  the  result  of  the 
radium.  This  pain  was  either  in  the  back  or  in 
the  bladder,  or  both. 

The  author  concludes  that  he  will  never  use 
radium  again  in  cancer  of  the  rectum,  except 
for  some  very  extradorinary  reason,  and  this 
statement  is  made  in  face  of  the  fact  that  he  is 
very  enthusiastic  in  recommending  radium  in 
cancer  of  the  uterus,  even  to  the  point  of  almost 
excluding  radical  surgery  in  carcinoma  of  the 
uterus.  * 

Lane,  Laura  A.  A  Study  of  the  Tonsil  Ques- 
tion with  a  Preliminary  Report  of  Roentgen- 
Ray  and  Radium  Therapy  in  the  Treatment 
of  Pathologic  Tonsils.  Minn.  Med.,  Feb., 
1923,  vi,  97. 

The  author  has  summarized  studies  covering 
observations  of  more  than  30,000  patients. 
These  indicate  that  after  one  to  four  years 
subsequent  to  operation  permanent  results  are 
manifest  in  only  about  one-half  the  patients. 
The  tonsil  has  some  function,  according  to  this 
author,  and  more  effort  should  be  made  to 
preserve  the  tonsils,  especially  in  children. 
Greater  care  should  be  taken  in  studying  patients 
with  tonsil  disease  and  in  selecting  cases  for 
operation. 

During  the  year  ending  September  30,  1922, 
the  writer  had  under  treatment  and  follo\\ed 
up  52  patients  treated  with  roentgen  rays  and 
24  treated  with  radium  or  both  combined. 
Careful  bacteriological  studies  were  made  of 
many  of  the  cases,  siiowing  a  decided  lessening 


of  the  number  of  bacteria.  In  several  cases 
the  streptococci  were  entirely  absent  as  long 
as  ten  months  after  treatment.  The  author 
does  not  claim  that  radiation  will  do  away 
entirely  with  the  bacteria,  but  mechanical 
drainage  estaljlished  through  skrinkage  and 
narrowing  of  the  crypts  is  beneficial  in  reducing 
the  bacterial  flora  of  the  tonsils  and  nasal 
pharyngeal  tissues. 

In  the  author's  series  there  were  four  cases 
with  notable  thyroid  enlargement.  In  all, 
impro\ement  in  the  size  of  the  thjToid  has  been 
noted.  The  author's  results  have  been  most 
striking  in  children  and  adults  of  a  decided 
lymphoid  hyperplasia  type;  also  in  patients 
with  cervical  adenitis  associated  with  tonsil 
pathology. 

Chizzola,   Giuliano.  Su  Due  Casi  di  Lussa- 
zione  Palmare  Totale  dell'  Osso  Semilunare. 
Radiol,  med.,  Dec.  12,  1922,  ix,  512. 
The  author  gives  a  very  extensive  review  of 
the  literature  on  the  subject  from  the   x-ray 
standpoint  and  a  number  of  illustrative   cases, 
including   two   new   ones.   An  excellent  bibli- 
ography is  appended  to  the  article. 

Moore,  C.  N.  Physical  Principles  Underlying 
the  Development  of  High  Voltage  Roentgen- 
Ray  Apparatus.  Arch.f.  Dermat.  u.  Sypb., Oct., 
1922,  vi,  455. 

This  is  an  excellent  presentation  of  the 
physical  basis  of  deep  roentgen  therapj'.  Among 
other  things,  the  author  declares  that  at  40,000 
volts  the  shortest  wave-length  is  about  0.3  A, 
and  this  decreases  to  about  o.  i  A  at  90,000  volts. 
At  the  same  time,  the  intensity  of  the  waves  of 
shorter  length  has  tremendously  increased. 
There  are  still  a  lot  of  long  wave-lengths  present, 
however.  The  same  thing  holds  true  as  we  go 
to  still  higher  voltages.  At  165,000  volts,  the 
shortest  wave-length  is  0.075  A.  The  wave- 
length of  the  gamma  rays  from  Ra-C  is  approxi- 
mately 0.004  A.  According  to  the  work  of  EUis 
in  England,  it  would  require  a  voltage  of 
3,000,000  on  the  tube  to  produce  roetngen 
rays  of  this  short  wave-length.  It  is  evident 
from  these  measurements  that  increasing  the 
potential  applied  to  the  tube  results  in  the 
production  of  a  greater  quantity  of  more  pene- 
trating rays.  A  number  of  interesting  graphics 
are  presented  which  should  interest  anyone 
practicing  roentgen  therapy. 
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INTRODUCTION 

i  LTHOUGH  there  has  been  a  definite 
-i^  advance  in  the  accuracy  of  interpre- 
tation of  the  radiographic  findings  in 
diseases  of  the  chest  during  the  past  few 
years,  the  shadows  appearing  at  the  hilus 
and  along  the  course  of  the  bronchial 
tree  are  still  a  source  of  considerable 
confusion.  It  was  in  an  attempt  to  explain 
some  of  these  doubtful  shadows  that  this 
study  was  undertaken. 

We  shall  not  discuss  all  of  the  various 
pathological  conditions  which  may  produce 
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acute  process  which  gives  a  diffuse  radio- 
scopic  shadow  seen  at  the  bases  of  the 
lungs  somewhat  resembling  pneumonia. 
No  illustrations  are  given. 

Overend-  reports  a  case  with  a  radio- 
graph showing  the  characteristic  mitral 
configuration  of  the  heart  and  increased 
density  In  the  hilus  and  perihilus  region. 
In  discussing  this  case,  he  states  that  both 
pulmonary  fields  are  pervaded  by  the  fine 
mottling  of  diffuse  fibrosis. 

The  following  description  (accompanied 
by  two  characteristic  radiograms)  from 
Assmann^  is  the  best  we  have  found  in  the 
literature: 


an    increase    in    hilus    and    peribronchia 
densitv,  but  will  mention  onlv  those  which 

kt  p  t  .^  IT*  OLaOl^       UL       iJlWVJVa       111        LllV^       ^^(.IL^lllcll  1\^0       fclil\J 

nown  to  produce  fibrosis   and  discuss     ^^^^^^^  ^^j^^  ^f  ^y^^  ^  J^^^^  ^^^^^-^ 

more    completely    the    pathology    of   the     ^^  -^    ^^^    roentgenogram.     These 


"Stasis  of  blood  in  the  capillaries  and 


lungs  and  the  radiographic  appearance 
produced  in  chronic  pulmonary  congestion. 
While  it  is  generally  known  that  the 
clinical  picture  in  cardiac  pneumofibrosis, 
particularly  when  it  is  the  result  of  valvular 
disease  of  the  heart,  may  simulate  closely 
that  of  tuberculosis  of  the  lungs  even  to  the 
extent  of  hemorrhage,  we  have  been  able 
to  find  very  little  reference  to  the  similarity 
of  the  radiographic  appearances. 

REVIEW    OF    LITERATURE 

Barjon^  devotes  a  chapter  to  the  changes 
in  the  lung  due  to  vascular  processes.  He 
divides  them  into  primary  active  conges- 


cnanges  m 
changes  are  seen  in  decompensation,  partic- 
ularly in  mitral  regurgitation,  and  also 
in  myocarditis  and  other  conditions  affect- 
ing the  left  ventricle.  The  film  in  these 
cases  has  a  sort  of  'washed-out'  appearance 
which  gives  the  impression  at  first  glance 
of  its  being  badly  exposed  or  faulty.  The 
most  marked  case  of  this  disturbance  of 
the  lung  picture  which  I  have  seen  is  one 
of  mitral  stenosis  in  which  there  had  been 
repeated  attacks  of  se^■ere  hemoptysis. 
Another  sign  of  pulmonary  congestion 
which  may  not  run  exactly  parallel  to  the 
amount  of  clouding  of  the  lung  fields  is  a 
broadening  and   increased  prominence  of 


tion,  secondary  active  congestion,  passive  the  normal  lung  markings  which  are  made 
congestion,  edema  and  infarcts.  Most  of  up  of  the  larger  and  medium-sized  blood- 
the  text  is  given  to  a  description  of  the     vessels.  Accompanying  this  there  is  also 

•  Read  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Socieiy,  Los  Angeles.  Calif..  Sept.  12-16.  1922. 
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increased  prominence  of  the  smaller  mark- 
ings lying  adjacent. 

"These  increased  markings  run  from 
the  hilus  toward  the  periphery,  and  they 
decrease  uniformly  in  size  and  intensity 
as  they  go  outward,  for  we  are  dealing 
with  a  condition  which  affects  the  blood- 
vessel system  as  a  whole.  In  this  respect 
this  condition  differs  from  the  discrete 
shadows  which  are  due  to  increase  in  the 
size  of  the  lymphatic  glands  or  local 
thickenings  of  the  bronchial  wal!  as  seen 
in  bronchiectasis. 


lels  the  cough  and  dyspnea  intensity. 
The  cough  may  be  very  annoying  and 
bring  up  a  moderate  amount  of  sputum. 
Blood  is  quite  commonly  present,  usually 
as  streaks  or  small  masses.  The  physical 
signs  are  not  at  all  clear  cut.  There  may  be 
dullness,  and  moist  rales  at  the  bases,  or, 
at  times,  no  deviation  from  the  normal 
can  be  made  out. 

Robinson,-'  in  a  description  of  mitral 
disease,  states  that  the  early  and  most 
characteristic  effects  result  from  disturb- 
ances of  the  pulmonary  circulation.  Parox- 


FlG.  I.  Rheumatic  licart  diseasf  with  nutra!  stenosis 
in  a  child  fourteen  years  of  age.  This  phite  shows  the 
"washed-out"  appearance  characteristic  of  cardiac 
pneumofibrosis,  marlced  increase  in  the  hilus  shadow 
and  a  general  thickening  and  mottling  of  the  larger 
lung  markings  (with  the  typical  mitral  shape  of  the 
cardiac  shadow),  making  the  picture  a  very  typical 
one. 

"This  increase  in  the  hilus  shadows  and 
of  the  blood-vessel  markings  radiating 
out  from  the  hila  in  cases  of  pulmonary 
congestion  has  gi\en  the  erroneous  impres- 
sion of  its  being  peribronchial  or  lymphatic 
tuberculosis." 

Stillman,^  in  discussing  the  clinical 
manifestations,  states  that  when  the  heart 
is  compensating,  it  produces  no  s>  niptoms, 
but  with  failure  of  the  cardiac  muscle 
there  is  dyspnea,  cyanosis  and  cough. 
The  dyspnea  is  ascribed  to  diminished 
elasticity  of  the  lung  and  the  narrowing 
of  the  aKeoli.  The  cyanosis  usually  paral- 


FlG.  2.  Mitral  stenosis  and  insuHiciency  in  female  aged 
twenty-six.  The  cardiac  shadow  shows  the  typical 
mitral  deformity.  There  is  a  marked  increase  in  the 
root  shadows  on  both  sides,  with  definite  increased 
density  along  the  linear  markings  extending  well 
out  from  the  periphery  of  the  lung.  This  represents 
a  case  in  which  the  changes  in  the  lungs  are  not 
marked. 

ysmal  attacks  resembling  asthma  are 
sometimes  seen.  Cough,  with  expectoration 
sometimes  bloody  or  blood-streaked, 
accrues.  Hemoptysis  is  not  uncommon. 
Bronchitis  is  a  frequent  complication. 
The  signs  of  this  condition  and  other 
pulmonary  signs  lead  to  confusion  at  times 
l)ctween  mitral  stenosis  and  tuberculosis. 

THE       P.ATHOLOGICAL      .\N"D       KADIOGKAPHIC 
FINDINGS 

Before  discussing  the  radiographic  find- 
ings in  cardiac  pneumofibrosis,  it  is  desir- 
able to  re\  iew  its  pathology. 


Cardiac  Pneumofibrosis 


345 


According  to  MacCallum,''  macroscopi- 
cally  the  lungs  are  rather  pale,  sometimes 
dry,  sometimes  edematous,  dense,  elastic 
and  of  a  distinct  rusty  brown  color. 

Microscopically  the  capillaries  in  the 
alveolar  walls  become  greatly  dilated  and 


tree  into  the  lung  fields.  In  advanced 
cases  the  entire  lung  area  may  show  these 
changes.  The  characteristic  finding  is  an 
increase  in  size  and  density  of  the  hilus 
shadow.  The  borders  of  this  shadow  are 
hazv    and    indefinite.    Radiating   outward 


tortuous,  so  that  they  project  in  loops  Into  from  it,  the  lung  markings  are  Increased 

the  alveolar  cavities.  The  alveolar  epithe-  in  width  and  density,  but  without  beading. 

Hum    and    other    cells    are    desquamated  The  surrounding  lung  tissue  is  less  radiant 

into  the  air  cells;  fluid  exudes  from  the  than  normal  so  that  the  markings  appear 

tense    capillaries,    often    with    red    blood-  hazy     and     Indefinitely     defined.     These 

corpuscles.    The    smooth    muscle    In    the  changes  may  be  accompanied  by  irregular 

septa   that   forms   the   vestibules   In   each  areas  of  even  density  of  rather  large  size, 


Fig.  3a.  Cardiosclerosis,  auricular  fibrillation,  m\o- 
cardial  insufTiciencv,  with  extensive  changes  in  the 
lungs.  Physical  examination  shoued  coarse  moist  rales 
at  both  bases,  and  dullness  and  diminished  breath 
sounds  at  the  right  base.  The  plate  has  the  general 
hazy  appearance  characteristic  of  cardiac  pneumo- 
fibrosis, with  the  marked  increase  in  the  hilus  shadows 
and  general  thickening  along  the  course  of  the  bronchi. 
The  unusual  appearance  in  this  case  is  the  areas  of 
sharply  defined  increased  density  in  the  right  chest 
and  the  high  flat  diaphragm  on  the  right  side.  This 
could  be  interpreted  as  being  due  to  changes  in  the 
pleura. 

lobule  is  greatly  increased  in  bulk,  and 
the  alveolar  walls  in  extreme  cases  become 
thickened  and  indurated  by  the  appearance 
of  new  connectI\'e  tissue  (brown  induration 
of  the  lungs). 

The  extent  of  change  from  the  normal 
as  seen  with  the  .x-rays  varies  widely, 
depending  upon  the  severity  and  duration 
of  the  disease.  Early  changes  are  seen  at 
the  hilus,  and  as  the  process  progresses 
they  extend  outward  along  the  bronchial 


lu..  3/).  Cardiosclerosis,  auricular  fibrillation,  myo- 
cardial insufficiency,  with  extensive  changes  in  the 
lungs.  This  plate,  taken  of  the  patient  six  days  later, 
shows  complete  disappearance  of  the  areas  of  density 
in  the  right  lung.  At  this  time,  the  patient's  cardiac 
condition  had  returned  to  normal. 

and  Indefinite  borders  which  are  most 
frequently  seen  in  the  lower  part  of  the 
chest  around  the  descending  bronchi. 
There  is  also  occasional  coarse  mottling 
between  the  shadows  of  the  bronchial 
tree.  The  outline  of  the  diaphragm  Is 
usually  well  defined  but  Its  respiratory 
movements  are  frequentl\  limited.  The 
size  and  shape  of  the  heart  shadow  are  of 
considerable  Importance  m  arriving  at  a 
correct  diagnosis,  as  the  condition  in  the 
lungs  is  due  to  failure  of  the  pulmonary 
circulation.  The  lung  findings  are  invari- 
ably accompanied  by  an  abnormal  appear- 
ance of  the  cardiac  shadow,  the  mitral 
configuration  being  the  most  common. 
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DIFFERENTIAL    DIAGNOSIS 

The  lung  picture  of  cardiac  pneumo- 
fibrosis is  likely  to  be  confused  with  dust 
pneumofibrosis,  metastatic  carcinoma  and 
tuberculosis. 

After  reaching  the  axillary  nodes  and 
the  muscular  aponeurosis,  mammary  can- 
cer usually  becomes  generalized  and  nearly 
any  tissue  in  the  body  may  become 
involved. 

The  lungs  are  reached  superficially  from 
the    pleural    lymphatics,    while    from    the 


due  to  malignancy,  the  shadows  are 
likely  to  be  more  irregular  and  more 
sharply  defined.  The  distribution  along 
the  bronchial  tree  is  more  irregular  and 
the  process  is  not  likely  to  be  more  marked 
in  the  lower  than  in  the  upper  lobes.  The 
heart  is  usually  of  normal  size  and  contour. 
In  dust  pneumofibrosis,  the  macroscopic 
picture  varies  according  to  the  character 
and  quantity  of  the  dust  to  which  the  lungs 
are  exposed;  and  the  amount  of  fibrous 
tissue  apparent  on  the  cut  surface  of  a 
lung   depends    on    the  length  of  time  the 


Fig.  40.  Mitral  stenosis  and  aortic  regurgitation  wit 
pulmonary  tuberculosis.  In  the  clinical  picture,  the 
cardiac  condition  predominated  and  the  patient 
apparently  died  a  cardiac  death.  In  this  plate  there 
is  marked  increase  in  the  hilus  areas  and  a  general 
haziness  and  thickening  of  the  lung  markings 
characteristic  of  pncumohbrosis.  The  process  extends 
into  the  apex  on  the  right  side,  and  there  is  an  area 
of  markedly   increased  density  near  the  right  root. 

bronchial  nodes  extensions  pass  along  the 
lymphatics  of  the  blood-vessels.  Exten- 
sion^^to  lungs  through  the  blood-vessels 
is  rare. 

In  the  radiograph,  the  lungs  in  malig- 
nancy present  several  distinct  types  which 
have  been  described  by  Carman,  Pfahler, 
Crane  and  others. 

The  type  with  which  we  are  interested 
is  that  in  which  the  deep  mediastinal 
glands  are  involved,  and  the  process 
spreads  outward  along  the  bronchial  tree. 

In  the  enlargement  of  the  hilus  shadow- 


Fir..  4b.  Mitral  stenosis  and  aortic  regurgitation  with 
pulmonary  tuberculosis.  This  plate,  made  of  the 
patient  three  months  later,  shows  a  distinct  increase 
of  the  process  at  the  apex  and  a  suggestion  of  cavity 
formation  in  the  dull  area  at  the  base.  At  this  time 
tubercle  bacilli  were  found  in  the  sputum. 

process  has  been  going  on.  In  the  early 
stages,  practically  none  can  be  seen  by  the 
naked  eye;  in  the  advanced  stages,  the 
smaller  vessels  and  bronchioles  are  dis- 
tended and  stand  out,  surrounded  by 
dense  fibrosis,  in  which  are  embedded 
the  dust  particles.  In  this  stage,  the 
lungs  may  show  emphysematous  blebs, 
bronchiectatic  dilations,  and  collapsed 
areas.  One  of  the  most  striking  features  of 
the  gross  anatomy  is  the  black  glands  at 
the  hilus  and  the  formation  of  nodules  in 
the  lymph  channels. 

The  essential  diflerences  as  seen  on  the 
radiograph  are  the  more  even  distribution 
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of  the  densities  throughout  the  lung  fields, 
the  absence  of  marked  enlargement  of  the 
hihis  shadow  and  the  normal  cardiac 
shadow. 

Aside  from  the  pneumonic  patches 
following  bronchial  transportation,  there 
is  a  great  variety  of  anatomical  lesions  in 
the  lung  whicli  is  due  to  the  passage  of 
tubercle  bacilli  along  the  lymphatics  or 
blood-vessels. 

When  the  infection  is  through  the 
lymphatic  channels  the  bacilli  produce 
tubercles  in  strings  or  clusters  along  the 
interlobar  septum  in  the  bronchial  walls 
or  in  the  walls  of  the  blood-vessels.  It  is 
this  type  which  is  most  likely  to  be  con- 
fused with  cardiac  pneumofibrosis.  In 
tuberculosis  there  is  more  definite  beading 
and  the  markings  are  more  sharply  out- 
lined. The  general  haziness  of  the  lung 
field  is  absent.  The  cardiac  shadow  may  or 
may  not  be  normal.  Ring-like  shadows  or 
areas  of  diminished  density  due  to  cavity 
formation  and  retraction  of  the  mediastinal 
contents  may  be  present.  These  latter 
findings  are  never  seen  in  the  fibrosis  of 
cardiac  lesions. 

In  general,  the  differentiation  of  cardiac 
pneumofibrosis  from  other  forms  of  pneu- 
mofibrosis will  depend  upon  the  study  of 
the  cardiac  shadow,  the  general  hazy 
appearance  of  the  lung  field  and  the 
absence  of  evidence  of  destruction  and 
retraction  in  the  lungs.  In  this  disease,  as 
in  most  lung  conditions,  a  correct  inter- 
pretation of  the  radiographic  findings  will 
depend  usually  upon  a  knowledge  of  the 
clinical  history  and  physical  examination. 

The  following  histories  are  illustrative 
of  the  cases  studied: 

Case  I.  (No.  85,097.)  Female,  aged 
fourteen. 

Clinical  Diagnosis.  Rheumatic  heart 
disease  with  mitral  stenosis?  Consolida- 
tion at  right  base. 

Present  Illness.  May  11,  1922.  One 
year  ago,  patient  was  sick  for  one  month 
with  pneumonia.  Ever  since  she  has  had 
marked  dyspnea  on  exertion.  Has  had 
no  cough,  pain  or  edema.  No  history 
of  tonsillitis,  rheumatic  fever  or  chorea. 
Has  tachycardia  on  exercise.  She  has 
been  able  to  continue  with  her  school 
work. 


Personal  History.  Tonsillectomy  and 
adenoidectomy  five  years  ago. 

Physical  Examination.  Thin,  pale  and 
only  fairly  well  developed.  Throat  and 
teeth  are  negative.  Pulse  is  100  and  is 
regular  in  rate  and  rhythm.  Heart.  Left 
border  dulness  is  10.5  cm.  in  the  fifth 
space.  P2  is  accentuated.  No  murmurs  or 
thrills  in  aortic  area.  In  the  mitral  region, 
there  is  a  systolic  and  presystolic  murmur 
and  a  sharp  first  sound;  a  thrill  could  be 
felt.   Lu7ios.   There  is  slight  dulness  and 


Fig.  5.  A  case  of  metastatic  malignant  disease  of  the 
lung  from  a  carcinoma  of  the  bladder.  The  plate 
shows  the  irregular  increase  in  the  hilus  shadow  and 
larger  markings  occasionally  seen  in  this  disease. 
Note  that  the  shadows  are  more  irregular  and  more 
sharply  defined  than  in  cardiac  pneumofibrosis. 


squeaky  rales  at  the  right  back  from  the 
base  to  just  below  the  angle  of  the  scapula. 
Abdomen.  No  fluid;  liver  dulness  from 
fifth  space  to  costal  margin.  Extremities. 
No  edema. 

Note  Jrom  Cardiac  Clinic.  May  18,  1922. 
A  case  of  rheumatic  heart  disease  with 
mitral  stenosis.  Respiratory  infections, 
chronic,  following  pneumonia  (?)  of  tuber- 
culosis. 

Appears  to  be  more  than  a  chronic 
passive  congestion.  I^  To  have  repeated 
sputum  examinations  and  temperature 
taken  morning  and  evening.  Referred  to 
pulmonary  clinic. 
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May  26,  1922.  No  tubercle  bacilli 
found  in  the  sputum  at  three  different 
examinations.  Patient  has  had  no  fever. 
The  case  appears  to  be  one  of  cardiopul- 
monary fibrosis. 

X-Ray  Findings.  May  13,  1922.  Thick- 
ening at  the  lung  roots  without  evidence 
of  calcification,  and  increase  in  density  of 
the  larger  bronchial  markings.  Apices  and 
periphery  are  relatively  clear.  Appearance 
may  be  due  to  lymphatic  engorgement  and 
pulmonary  congestion  secondary  to  the 
heart  condition.  Prominence  of  right 
auricular  arc  particularly  marked  In 
oblique  view.  Left  ventricular  arc 
flattened,  apex  pointed  and  displaced 
downward.  Enlargement  of  heart  particu- 
larly In  region  of  auricles  suggesting  pre- 
dominant mitral  lesion. 

Case  II.  (No.  83,526.)  Female,  aged 
twenty-six. 

Clinical  Diagnosis.  Mitral  stenosis  and 
Insufiiclency — aortic  Insufficiency — second- 
ary anemia. 

Consultation  Clinic.  Apr.  6,  1922.  Dys- 
pnea and  precordial  pain. 

Present  Illness.  In  1918,  four  years 
ago,  patient  was  sick  for  five  weeks  with 
double  pneumonia.  After  this  Illness,  she 
tired  easily,  had  a  persistent  unproductive 
cough,  and  dyspnea  on  even  the  slightest 
exerotln.  Has  had  no  edema  or  palpitation. 

Family  History.  No  history  of  exposure 
to  tuberculosis. 

Personal  History.  Always  well  until 
her  attack  of  pneumonia  five  years  ago. 

Physical  Exarninalion.  Chest.  Lungs 
clear.  Heart.  Left  border  dulness,  9  cm.; 
right  border,  4  cm.  Sounds  regular,  slow 
and  forceful.  P-  and  Ao  accentuated. 
Short  presystolic  murmur  at  left  apex 
and  a  diastolic  at  left  sternal  border. 
Abdomen.  Negati\e. 

Summary^  A  fairly  well  compensated 
cardiac  entering  hospital  because  of  dys- 
pnea and  precordial  pain.  The  signs  are 
those  of  mitral  stenosis  with  moderate 
degree  of  aortic  regurgitation. 

X-Ray  Findings.  Apr.  7,  1922.  The 
outline  of  the  diaphragm  is  well  defined  on 
the  right;  a  little  hazy  on  the  left.  Its 
mo\ements  are  distinctly  limited  on  both 
sides.  The  heart  shadow  is  increased  In  all 
diameters,    the    greatest    increase    being 
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across  the  base.  There  Is  marked  promi- 
nence of  the  shadow  of  the  auricles,  partic- 
ularly the  left,  giving  the  heart  the  typical 
mitral  shape.  The  hilus  shadows  are  very 
much  Increased  both  In  size  and  density 
on  both  sides.  All  of  the  larger  lung  mark- 
ings are  also  Increased  in  size  and  density. 
Both  lung  fields  have  a  general  hazy 
appearance.  The  apices  are  clear. 

Case  III.    (No. 80,147.)  Male,  aged  sixty. 

Clinical  Diagnosis.  Cardiosclerosis — 
auricular  fibrillation — myocardial  Insuffi- 
ciency. 

Consultalio7i     Clinic.     Nov.     3 
Dyspnea  and   palpitation. 

Present  Illness.  Four  months  ago,  after 
an  operation  for  hemorrhoids,  had  sudden 
shortness  of  breath.  Because  of  the  increas- 
ing dyspnea,  he  was  forced  to  give  up  his 
work  after  one  week.  Has  had  no  edema. 
Has  had  a  sense  of  constriction  with  dull 
pain  In  the  left  chest,  shoulder  and  arm. 

Present  History.  "Always  well  and 
strong."  Syphilitic  rash  In  i88~.  No  history 
of  tuberculosis  In  family. 

Physical  Examination.  Chest.  There  are 
coarse  moist  rales  at  both  bases,  and  dul- 
ness, diminished  breath  and  voice  sounds 
at  the  right  base.  (?)  of  slight  dulness  at 
the  left  ape.x  posteriorly.  Heart.  Left 
border  dulness,  10  cm.  Sounds  rapid  and 
Irregular.  No  murmurs  or  thrills.  Marked 
pulse  deficit.  Abdomen.  Li\er  felt  i  cm. 
below  costal  borders,  otherwise  negative. 

Dec.  7,  192 1 .  Patient  suddenly  returned 
to  normal  rhythm.  Discharged  to  local 
medical  doctor. 

X-Ray  Findings.  Dec.  2,  1921.  The 
hilus  shadows  and  lung  markings  are 
prominent.  Both  lung  fields  are  less  radi- 
able  than  normal.  Lateral  half  of  right 
chest  shows  homogeneous  density  from 
the  second  rib  to  base.  The  median 
border  of  this  area  has  a  rather  well 
defined  wavy  outline.  Both  diaphragmatic 
shadows  are  irregular  in  outline  and 
markedly  restricted  In  their  respiratory 
excursion.  Bt)th  costophrenic  angles  are 
obliterated.  There  are  dense  white  lines 
extending  outward  from  the  hilus  toward 
the  chest  wall.  No  marked  change  at 
extreme  bases.  Appearance  Is  not  that  of 
tuberculosis.  Heart  shadow  is  enlarged; 
supracardiac  dulness  Is  slightly  increased. 
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Enlargement  of  heart  is  more  to  the  left 
than  right.  There  is  definite  prominence  of 
the  ascending  aorta. 

Dec.  8,  1 92 1.  The  shadows  described 
in  the  right  chest  have  entirely  disappeared. 
Diaphragm  is  still  high  on  the  right 
side  with  partial  obliteration  of  the  costo- 
phrenic  angle.  Markings  in  the  lung  are 
generally  thickened. 

Case  IV.  (No.  81,108).  Female,  aged 
thirty. 

Clinical  Diagnosis.  Pulmonary  tuber- 
culosis— mitral  stenosis — aortic  regurgita- 
tion. 

Present  History.  Apr.  20,  1922.  Patient 
felt  perfectly  well  and  had  no  dyspnea  or 
cough  until  onset  of  present  illness — health 
always  good. 

Present  Illness.  On  Jan.  2,  1922,  while 
stepping  off  a  street  car,  she  suddenly 
coughed  and  spit  up  about  a  tablespoon- 
ful  of  bright  red  blood.  There  was  no  pam. 
She  continued  work,  and  one  week  later 
she  coughed  up  blood  again  (ounces) 
five  successive  times  in  one  hour.  Two 
weeks  ago  she  caught  cold  and  had  hacking 
cough  with  thick  clear  sputum  since. 
Not  breathless,  but  she  states  she  climbs 
not  more  than  one  flight  of  steps  without 
resting;  no  night  sweats,  chills  or  fever, 
no  gastrointestinal  or  genitourinary  symp- 
toms. 

Family  History.  She  has  had  no 
exposure  to  tuberculosis. 

Physical  Examination.  Extremities  and 
lips  are  cold  and  blue.  In  no  apparent 
respiratory  distress.  Glands.  Moderate 
sized  mass  of  freely  movable  non-tender 
glands  In  left  neck;  also  large  axillary 
glands.  Lungs.  The  apices  are  retracted. 
Over  the  left  apex,  there  Is  diminished 
tactile  fremitus  and  the  breath  sounds  are 
bronchoveslcular  to  bronchial.  0\'er  the 
right  apex,  there  is  bronchial  breathing 
and  Increased  vocal  fremitus.  There  are 
sticky  rales  over  both  backs.  Heart.  Po  and 
A2  accentuated;  diastolic  murmur  at 
apex  with  harsh  systolic.  In  the  aortic 
area,  there  is  a  systolic  ending  In  a  loud 
A2,  with  a  high-pitched  diastolic-presystolic 
thrill  at  apex.  Blood  pressure  is  90  100. 
Abdomen.  The  liver  edge  could  not  be 
felt.  Spleen  felt  i  cm.  below  costal  border. 
There  are  no  masses  or  fluid. 


Summary.  Hemoptysis  four  months 
ago  the  Initial  symptom,  but  had  no 
cardiac  symptoms,  though  she  was  found 
to  be  a  well-marked  mitral  stenosis.  For 
past  two  weeks,  she  had  cough  and  large 
amount  of  sputum.  The  physical  exami- 
tion  shows  loud  diastolic  and  presystolic 
murmur  at  apex  and  a  harsh  systolic  mur- 
mur at  the  base  with  a  diastolic  murmur 
along  the  left  sternal  border.  This  case 
appears  to  be  mitral  stenosis  with  aortic 
stenosis  and  regurgitation.  The  lungs  are 
filled  with  sticky  rales  posteriorly,  which  did 
not  appear  to  be  due  to  pulmonary  edema, 
for  she  was  able  to  lie  down  with  complete 
comfort.  It  Is  an  Infectious  process  which 
is  very  suggestive  of  tuberculosis. 

May  5,  1922.  The  social  ser\ice  reports 
that  the  patient  took  a  long  walk  on  April 
29th  and  became  very  weak  and  dyspnelc. 
Two  days  later,  she  was  found  unconscious 
HI  the  morning  and  died  fifteen  minutes 
later. 

X-Ray  Findings.  Jan.  7,  1922.  The 
diaphragmatic  shadows  are  regular  In  out- 
line. The  diaphragm  moves  equally  but 
poorly.  The  chest  Is  of  the  ptotic  type. 
There  Is  coarse  mottled  dulness  along  the 
bronchi  on  both  sides,  but  it  is  most 
marked  In  the  right  lower  chest.  In  the 
right  upper  lobe,  the  changes  extend  to  the 
apex.  The  process  seems  to  be  bronchial 
and  peribronchial  In  type.  In  some  plates 
a  suggestion  of  dilated  bronchi  can  be  seen. 
There  Is  no  definite  e\Idence  of  cavity 
formation.  The  heart  shadow  is  distinctly 
enlarged,  the  Increase  being  almost  entirely 
downward  and  to  the  left  In  the  region  of 
the  ventricle.  There  Is  an  extensive  patho- 
logical process  In  both  lungs. 

Jan.  13,  1922.  The  findings  are  prac- 
tically the  same  as  previously  recorded. 
There  Is  a  definite  process  In  the  right  lung 
which  is  more  evident  In  the  lower  than  In 
the  upper  lobe. 

Apr.  22,  1922.  There  is  a  definite 
Increase  In  the  hllum  shadow  on  both  sides. 
The  apices  do  not  light  up.  Both  upper 
lobes  appear  mottled,  the  right  more  than 
the  left.  At  the  right  base  there  is  a  ring- 
like shadow  with  dense  periphery  and 
light  central  area  and  Irregular  Increased 
density  In  the  surrounding  lung.  There  is  a 
sharp  upper  border  In  the  region  of  the 
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interlobar  septum.  The  right  diaphragm  is 
fixed;  the  left,  free.  The  process  has 
extended  rapidly  since  the  previous  ob- 
servation. It  now  shows  evidence  sug- 
gesting cavity  formation  in  the  lower 
right  side. 
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DISCUSSION  ON  PAPERS  OF  DRS.  HALL,  CHILDS, 
HOLMES  AND  DANN* 


Dr.  Moore.  These  two  papers  interest 
me  very  much.  I  was  particularly  interested 
in  the  papers  of  Dr.  Hall  and  Dr.  Childs  about 
malignant  growths  within  the  chest.  In  191 5 
I  reported  a  series  of  70  cases  of  secondary 
mahgnant  growths  within  the  chest.  At  that 
time  we  considered  practically  only  the  nodular 
type  of  metastasis.  We  were  impressed  at  that 
time  with  the  relative  haziness  of  the  clinical 
picture  of  secondary  malignancy  within  the 
lungs.  My  series  differs  from  Dr.  Hall's  in 
that  we  had  only  one  case  in  which  there  was 
no  history  of  blood-tinged  sputum.  Later  we 
began  to  realize  that  there  was  a  different 
type  of  secondary  malignancy — the  metastatic 
type  in  which  we  got  the  shower  of  malignant 
cells  in  the  lungs.  Our  attention  has  been 
called  to  the  fibrous  type  of  metastasis.  I  have 
not  been  able,  so  far,  to  differentiate  that  from 
fibrosis  produced  by  numerous  other  conditions. 

In  regard  to  the  miliary  type,  I  must  say  I 
find  it  very  confusing  at  times  to  differentiate 
from  tuberculosis. 

Regarding  mediastinal  shadows,  of  course, 
one  must  rely  largely  on  the  fluoroscope  to 
exclude  aneurism.  We  must  remember,  how- 
ever, that  if  the  aneurism  sack  is  filled  with 
clotted  blood,  we  will  not  get  pulsation.  We 
should  look  upon  tumor  masses  extending 
from  the  mediastinum  as  probably  malignant. 
Lymphosarcoma  is  the  most  common  condition 
found.  Primary  carcinoma  is  the  most  confusing 
we  have  to  deal  with.  When  it  occurs  as  a 
discrete  area  of  increased  density  radiating 
from  the  hila,  we  can  advance  the  opinion  that 
it  is  primary  malignancy.  We  used  to  think 
it  more  common  in  the  lower  lobes,  but  we  now 
feel  it  can  be  found  anywhere. 

We  have  recently  been  confronted  by  a 
condition  which  is  unicjue  to  me,  i.e.,  yeast 
infection  in  the  lung  w  iiich  simulates  almost 
exactly  our  conception  of  what  primary  carci- 
noma should  be. 


•  Papers  read  at  the  Twentv-third  Annual  Mcetini;  of  The  American  Roentgem  Ray  Society,  Los  Angeles.  Calif.,  Sept.  12-16 
Those  of  Drs.  Hall  and  Childs  appeared  in  March,  and  the  paper  by  Drs.  Holmes  and  Dann  precedes  this  discussion. 


Dr.  Holmes'  paper  is  a  distinct  contribution 
to  literature.  I  have  felt,  personally,  that 
there  are  cardiac  conditions  in  which  we  meet 
with  congestive  conditions  in  the  lung,  either 
diffuse  or  localized,  which  are  difficult  to  classify 
or  diagnose. 

Personally,  in  speaking  of  peribroncliial 
tuberculosis,  I  think  we  do  not  make  a  diagnosis 
of  peribronchial  tuberculosis  without  consolida- 
tion in  the  periphery  of  the  lung. 

I  was  so  glad  to  hear  Dr.  Holmes  say  that 
the  pathologist  at  the  Massachusetts  General 
Hospital  has  put  the  brakes  down  on  syphilis 
of  the  lung.  I  have  been  looking  for  one  for 
twelve  >ears. 

I  would  ask  Dr.  Holmes  if  he  found  an\ 
cases  of  pneumofibrosis  in  exophthalmic  goiter. 
We  see  shadows  in  the  goiter  which  are  difficult 
to  explain.  I  would  like  to  ask  how  many  cases 
of  tuberculosis  he  found  in  exophthalmic 
goiter. 

Dr.  Pirie.  I  would  like  to  ask  Dr.  Holmes 
if  he  has  really  seen  good  clear  lungs  in  chronic 
cases  of  heart  disease. 

Dr.  Hickey.  In  cases  where  you  have 
massive  effusion  on  one  side  and  where  you 
suspect  new  growth  of  lung  underneath  effusion, 
if  you  draw  off  the  fluid  and  pump  the  chest 
full  of  air,  you  will  get  a  plate  that  will  help 
you  with  diagnosis. 

Dr.  Holmes  (closing  discussion).  In  regard 
to  the  changes  at  the  hila,  I  have  noticed  such 
conditions. 

In  treating  a  considerable  number  of  goiter 
cases,  we  took  plates  of  the  chest  as  a  routine 
procedure.  At  that  time  we  were  having  con- 
siderable difiiculty  in  differentiating  the  appear- 
ance from  hilus  tuberculosis.  Since  having 
the  metabolism  test,  that  thing  has  not 
come  up. 

In  regard  to  Dr.  Pirie's  question,  I  find  it 
rather  difficult  to  answer.  I  have  not  gone 
through  and  studied  carefully  all  the  cardiac 
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cases,  but  I  can  see  wliere  that  would  happen. 
A  large  percentage  of  cardiac  cases  are  decom- 
pensated, and  it  is  difficult  to  get  a  good  plate 
of  the  cardiac  region. 

The  next  to  the  last  case  I  presented  shows, 


I  think,  that  it  clears  up  when  the  heart 
is  doing  the  work  it  should.  A  man  may  have 
a  definite  cardiac  lesion,  not  of  long  standing, 
and  if  not  decompensated,  there  is  no  change 
in  the  lung. 


A  STUDY  OF  LOBAR  PNEUMONIA  AND  ITS  PULMONARY 
COMPLICATIONS  BY  SERIAL  ROENTGENO- 
GRAPHIC  EXAMINATION* 

BY   L.    R.   S.A.NTE,    M.D. 

Assistant     Professor     of     Roentgenology,  St.  Louis  University  Medical   School;   Roentgenologist  to   St.   Louis 
City  Hospital;  Consulting  Roentgenologist  Koch  Hospital  for  Tuberculosis.  From  the 
Department  of  Roentgenology,  City  Hospital 


Among  272  cases  of  frank  lobar  pneu- 
monia treated  at  the  St.  Louis  City 
Hospital  during  the  past  two  years,  152 
were  subjected  to  roentgenographic  exami- 
nation. Roentgenograms  were  made  at 
from  one-  to  three-day  intervals  during  the 
course  of  the  disease,  and  the  findings  were 
carefully  correlated  with  clinical  history 
and  physical  signs  in  many  of  the  cases. 
This  study  of  lobar  pneumonia  was  under- 
taken with  a  view  of  determining  the 
natural  course  of  the  disease,  its  com- 
plications and  its  sequelae. 

From  the  pathological  viewpoint,  four 
different  stages  of  the  pulmonary  lesion  are 
recognized  in  pneumonia:  (i)  The  stage 
of  congestion  and  engorgement;  (2)  the 
stage  of  red  hepatization;  (3)  the  stage  of 
grey  hepatization,  and  (4)  the  stage  of 
resolution.  The  stage  of  congestion  is 
characterized  by  the  engorgement  of  the 
blood-vessels  and  lymphatics  and  the  pro- 
duction of  an  active  edema  in  the  air 
spaces,  and,  to  some  extent,  in  the  inter- 
stitial tissue.  At  autopsy,  particles  of  such 
material,  although  considerably  denser 
than  normal,  will  still  float  on  water, 
showing  that  they  are  still  air-containing 
to  some  extent.  The  increase  in  density  of 
this  material  would  hardly  be  sufficient  to 
cast  as  dense  a  shadow  in  the  roentgeno- 
gram as  that  produced  by  the  stages  of 
red  and  grey  hepatization.  This  stage  is 
so  transitory,  however,  often  lasting  but  a 
few  hours,  and  the  difference  in  density  of 
the  shadow  in  the  roentgenogram  so  slight, 
that  it  is  quite  obvious  that  any  differen- 
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tiation  of  the  active  stage  of  consolidation 
would  usually  be  impossible  from  the 
roentgenogram.  After  the  crisis  has  oc- 
curred, however,  in  the  stage  of  resolution, 
the  irregularly  resolving  and  absorbing 
exudate  produces  an  uneven  mottled  ap- 
pearance in  the  roentgenogram,  which  is 
quite  distinctive  of  this  stage  of  the  dis- 
ease. Since,  from  a  practical  standpoint, 
it  is,  therefore,  impossible  to  determine 
definitely  the  active  stage  of  the  disease 
from  the  character  of  the  shadow,  let  us 
consider  the  distribution  of  the  consolida- 
tion and  its  bearing  on  the  course,  diag- 
nosis and  prognosis  of  the  disease. 

Roentgenographic  Characteristics.  The 
pathologist  tells  us  that  the  process  of 
consolidation  is  closely  confined  to  one  or 
more  lobes,  so  that  a  definite  knowledge  is 
necessary  of  the  position  which  these  lobes 
occupy  and  the  location  of  their  interlobar 
septa.  To  illustrate  with  more  accuracy  the 
location  of  the  interlobar  septa,  this  case 
has  been  introduced  (Fig.  i).  The  inflam- 
matory reaction  incident  to  a  pulmonary 
abscess  in  the  hilus  region  has  resulted  in 
the  pronounced  thickening  of  all  of  the 
interlobar  septa.  This  case  represents,  then, 
a  much  more  practical  demonstration  than 
any  which  could  be  obtained  in  the 
autopsy  room  or  by  inspection  of  dissect- 
ing-room material,  and  is  excellently 
adapted  for  a  study  of  the  interlobar  septa 
and  the  position  of  the  various  lobes  of  the 
lung.  From  this  roentgenogram,  taken  in 
the  lateral  position,  it  will  be  seen  that  the 
upper  lobe  makes  up  a  much  greater  part 
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of  the  lung  tissue  than  is  generally  sup- 
posed. When  the  tube  is  centered  at  the 
5th  dorsal  vertebra  at  28  in.  distance,  it 
will  be  noted  that  the  central  ray  falls  very 
closely  along  the  interlobar  fissure  of  the 
upper  and  middle  lobes  (Fig.  2A),  so  that 
the  resulting  shadow  of  upper  lobe  consoli- 
dation should  be  clear-cut  and  sharply 
outlined  at  its  Io\^■er  border,  and  the  entire 
shadow  should  be  very  dense.  Any  slight 
variation    in    centering    or    tube    distance 


lobar  consolidation  involving  one  or  more 
lobes  can  be  readily  differentiated  and 
the  roentgenographic  characteristics  easily 
explained. 

Course  of  the  Disease.  Having  analyzed 
the  probable  result  of  roentgenographic 
examination  of  consolidation  of  the  various 
lobes,  let  us  examine  roentgenograms  of 
various  lobe  consolidations,  and  pass  to  a 
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Fig.  I.  Thickfiiing  of  the  interlobar  pleura  Incident 
to  a  lung  abscess  in  the  hilus  region.  The  marlvcd 
thiclvcning  of  the  interlobar  pleura  serves  to  show 
the  relationship  of  the  various  lobes.  Note  that  the 
middle  lobe  docs  not  touch  the  posterior  chest  wall 
at  any  point,   but  presents  entirely  at  anterior  wall. 


should  make  little  difference  in  the  result- 
ing shadow.  Whereas  middle  lobe  in\ol\e- 
ment  (Fig.  2B)  should  present  a  similar 
sharj)ness  of  outline  at  its  upper  boundary 
and  a  hazy  outline  for  its  lower  border,  the 
entire  shadow  should  not  be  as  dense  as  the 
shadow  of  upper-lobe  consolidation.  Where 
the  lower  lobe  is  involved  (Fig.  2C),  the 
extreme  lower  portion  of  the  lung  will  also 
be  unoKed,  and  the  upper  border  of  the 
shadow  should  be  more  or  less  hazy  in  the 
ordinary  position  of  the  .v-ray  tube.  \N  hen 
these  essential  points  are  borne  in  mind,  a 


Fig.  2.  Diagrams  showing  shadows  produced  by  con- 
solidation of  various  lobes,  with  the  tube  at  28  in. 
distance  and  centered  at  about  the  5th  dorsal  verte- 
bra. (A)  Upper-lobe  consolidation.  The  shadow  is 
dense  and  the  lower  border  is  sharply  defined.  (B) 
Middle-lobe  consolidation.  In  involvement  of  the 
middle  lobe,  the  upper  border  of  the  consolidation  is 
sharply  defined,  the  lower  portion  is  hazy.  The  extent 
of  the  shadow  produced  is  relatively  small  compared 
to  consolidation  of  other  lobes.  (C)  Lower-lobe  con- 
solidation. The  upper  border  of  the  shadow  is  hazy 
and  the  extent  of  the  shadow  produced  is  greater 
than  any  other  lobe.  The  costophrenic  angle  often 
remains  aerated  during  the  acute  stage  of  the  disease. 

consideration  of  the  course  of  the  disease. 
It  will  be  seen  that  in  practice  the  roent- 
genographic findings  conform  closely  to 
those  anticipated;  atypical  borders  and 
anomalous  lobes  may  occasionally  be 
encountered  (Fig.  3,  A,  B,  C). 

In  a  great  many  of  our  cases  there  was 
complete  consolidation  of  an  entire  lobe 
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at  the  first  examination,  even   w  hen  the  logical  process  does  not  progress  so  rapidly, 

first     roentgenogram     was     made     within  In  some  of  these  patients,  on  first  examina- 

twenty-four    to    forty-eight    hours    after  tion,  a  definite  consolidation  was  seen  at 

the  onset.   It  is  quite  evident,  therefore,  the    hilus    region,    which,    on    successive 


F[G.  3.  (Ai  Upper-lobe  consolidation.  Note  sharply  delined  lower  border.  iBi  Middle-loljc- cmsolidation.  Note 
sharp! \  defined  upper  border,  hazy  lower  portion  and  small  extent  of  involvement.  (C)  Lower-lobe  consoldiation. 
Note  hazy  upper  border,  and  large  amount  of  involvement.  Lower-lobe  consolidation  extends  higher  than 
middle-lobe  consolidation.  The  costophrenic  angle  is  aerated. 


Fig.  4.  Lobar  pneumonia.  (A)  Consolidation  commencing  in  the  hilus  region.  (B)  Plate  made  twenty-four  hours 
later,  showing  extension  to  the  periphery  and  involvement  of  the  entire  lower  lobe. 

that  in  many  cases,  probably  the  greater  examinations,  progressed  rapidly  outward, 

majority,    complete    consolidation    occurs  rarely  requiring  more  than  twenty-four  to 

within    a   very   short   time.    In   a    certain  forty-eight  hours  to  reach  the  periphery 

number  of  instances,  however,  the  patho-  (Fig.  4).  Whether  of  the  slower,  progres- 
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sive  type,  or  the  rapidly  consolidating 
form,  the  shadow  produced  is  of  a  homo- 
geneous character,  presenting  an  even 
density  throughout,  showing  only  dense 
peribronchial  markings,  which,  at  the 
onset  of  the  process,  are  usually  seen 
through  the  consolidation  shadow.  The 
zone  of  ad\ance  of  the  process  is  feathery 
and  uneven,  and  shades  off  into  the  normal 
tissue.  The  edge  of  the  ad\ancing  shadow 


the  time  of  the  crisis.  Shortly  after 
the  crisis,  resolution  begins,  and  the 
shadow  changes  rapidly  from  the  homo- 
geneous type  to  that  of  an  uneven  mottled 
appearance.  Very  soon  the  accentuated 
peribronchial  markings  again  become  ap- 
parent, and  the  une\'en  mottled  area  gives 
place  to  groups  of  soft  isolated  infiltrations. 
The  entire  area  may  be  o\ershadowed  by 
a    pleural   haze   if  the  pleura   has  become 


Fig.     5.     (i)     Upper   riulii    lo|);ii-  |iiuiiiiiMiii:i    ^h(i\\in,>;  rli 
Showing  almost  complete  resol 

is  composed  of  the  radiating  extension  of 
accentuated  peribronchial  markings.  This 
is  probably  due  to  the  fact  that  the  process, 
commencing  in  the  hilus  area,  has  pro- 
gressed more  fully  to  dense  consolidation 
than  that  in  the  periphery,  which  is  in- 
^■ol\■ecl  111  the  later  stage,  and  also  because 
the  amount  of  consolidated  tissue  obstruct- 
ing the  ray  is  greater  in  the  inner  than  in 
the  outer  zone  oi  the  lung.  As  the  disease 
progresses,  and  consolidation  becomes 
more  dense,  the  peribronchial  markings 
become  obliterated,  and  the  entire  shadow 
may  be  of  homogeneous  density.  In  the 
natural  course  oi  the  disease,  little  change 
is  seen  :n  the  shadow  Irom  the  time 
complete    consolidation    is    reached    until 


.ii.ictcnstic  sliadow.    Philt'   iikkIl'  just   before  crisis.    (2) 
ution  in  three  days  after  crisis. 

thickened  during  the  course  of  the  disease. 
Resolution  is  \ery  rapid,  however,  and  all 
evidence  of  infiltration  and  consolidation 
may  have  completely  disappeared  within 
three  days  after  the  crisis  (Fig.  5).  Ordi- 
narily, howcNer,  complete  resolution 
requires  a  somewhat  longer  time — from 
seven  to  ten  days;  persistence  of  consolida- 
tion for  fourteen  days  after  the  crisis 
should  be  ^  iewed  as  distinctly  pathological. 
It  is,  therefore,  quite  e\idcnt  that  the 
consolidation  in  lobar  pneumonia,  at  least 
in  many  instances,  starts  at  the  hilus  and 
extends  peripherally. 

Review  of  Lileralure  and  Discussioii.  A 
re\  iew  of  literature,  howc\er,  seems  to 
show  this  at   \ariance  with  the  observa- 
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tions  of  some  men.  Mason'  described  the 
roentgenographic  appearance  of  pneu- 
monia in  children  as  a  triangular  shadow 
with  the  base  at  the  periphery  and  the 
apex  at  the  hilus  of  the  lung.  He  further 
stated  that  the  consolidation  commences 
in  the  periphery  and  gradually  progresses 
to  involve  the  hilus.  He  quotes  the  con- 
clusion of  Weill  and  Mouriquand'-  from 
the  consideration  of  350  pneumonia  cases 
studied  by  .\-rays,  that  the  early  shadow 
is  usually  triangular  in  shape,  with  its 
base  usually  conical  and  generally  axillary. 
They  have  never  seen  a  shadow  which 
could  be  considered  entirely  central.  Mason 
himself  describes  this  consolidation  and  il- 
lustrates two  cases,  both  of  right  upper-lobe 
involvement,  which,  in  the  roentgeno- 
grams, suggest  a  more  intense  consolida- 
tion at  the  periphery.  He  emphasizes  the 
observation  that  the  process  of  consolida- 
tion always  begins  in  the  part  nearest  the 
pleura  and  thus,  during  the  beginning  of 
the  process,  at  any  rate,  is  separated  from 
the  root  of  the  lung  by  normal  aerated 
lung  tissue,  and  that  central  pneumonia, 
therefore,  does  not  exist.  On  the  basis  of 
roentgenograms  taken  in  cases  in  which 
physical  signs  of  consolidation  did  not 
exist,  where  there  was  apparently  an 
aerated  zone  of  normal  lung  tissue  beneath 
the  surface  consolidation,  he  concludes 
that  in  these  instances  the  lack  of  physical 
signs  is  due  to  the  failure  of  transmission 
of  the  breath  sounds  from  the  hilus  through 
the  aerated  lung  tissue  to  the  surface.  In 
December  of  the  same  year,  Stewart,^  in  a 
publication  on  the  differential  diagnosis  of 
lobar  pneumonia  and  empyema  in  children, 
comments  on  Mason's  theory  as  follows: 
"While  I  am  not  prepared  at  the  present 
time  to  accept  in  its  entirety  the  explana- 
tion given  by  Dr.  Howard  Mason  of 
New  York  for  the  frequent  lack  of  positive 
physical  signs  in  some  cases  of  pneumonia, 
I  do  believe  that  his  theory  holds  good  in 
many  cases  showing  late  physical  signs. 
As  many  cases  of  pneumonia  are  believed 
to  start  at  the  root  and  spread  toward  the 
cortex,  this  explanation  would  seem  to 
apply  only  to  those  commencing  at  the 
pleural  surface."  In  the  same  publication 
he  describes  a  root  or  hilus  pneumonia  in 
children,    and   shows    illustrations   of  this 


type  oi  consolidation  beginning  in  the  hilus 
region  of  the  lung,  spreading  fanshaped 
into  all  the  lobes  and  usually  remaining 
confined  to  this  region.  In  spite  of  this 
demonstration  of  root  pneumonia,  Barjon,'' 
In  his  book  on  Pleuro-Pulmonary  Affec- 
tions, says:  "These  proofs  do  away  with 
the  idea  of  central  pneumonia  which 
would  explain  the  late  appearance  of 
physical  signs.  Indeed,  the  shadow  of  the 
pneumonic  triangle  begins  at  this  base, 
and  this  base  is  always  cortical,  since  It 
develops  In  the  axilla.  Finally,  the  radio- 
scope  never  shows  in  any  case  a  primary 
central  focus  without  some  relation  to  the 
cortical  portion  of  the  lung.  In  short, 
central  pneumonia  does  not  exist,  but 
everything  progresses  as  If  it  did."  In  a 
recent  publication  the  writer^  reported  12 
cases  of  hilus  pneumonia  occurring  among 
276  cases  of  pneumonia  examined.  Eleven 
of  these  were  of  the  distinctly  inflammatory 
type,  I  occurring  In  a  child,  and  10  in 
adults.  In  a  previous  publication,''  the 
existence  of  hilus  pneumonia  In  the  adult  In 
connection  with  the  influenza  epidemic 
was  pointed  out. 

It  Is  quite  probable  that  many  cases  of 
pneumonia  In  children  do  follow  the  course 
Indicated  by  Mason  in  his  essay  on  pneu- 
monia: beginning  at  the  periphery  and 
progressing  inward  to  the  hilus.  Among  the 
cases  included  In  this  series  se\eral  in- 
stances are  present  where  the  consolidations 
occurring  in  children  followed  this  course 
(Fig.  6).  To  say  that  this  is  the  only  course 
followed  in  children  is  manifestly  wrong. 
In  ^•iew  of  the  many  existing  cases  of  hilus 
pneumonia  previously  cited  In  the  litera- 
ture. It  Is  also  unmistakably  true  that 
many  cases  do  occur  in  adults  in  which  the 
consolidation  starts  In  the  hilus  region  and 
spreads  toward  the  periphery.  While  It  is 
possible  that  In  adults,  certain  cases  may 
exist  in  which  consolidation  starts  In  the 
periphery,  we  have  never  encountered  one 
in  which  this  relationship  could  be  estab- 
lished. Mason's  explanation  of  the  failure 
to  elicit  certain  physical  signs  is  probably 
quite  correct  In  certain  Instances.  It  is 
also  true  that  a  similar  obscurity  In 
physical  signs  can  occur  when  the  con- 
solidation is  confined  to  the  hilus  region,  in 
so-called  hilus  or  root  pneumonia,  and  it  is 
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Fig.  6.  Lobar  pneumonia  right  upper  lojjc.  !'>  pc  rcRrrccI  to  by  Mason  as  starting  in  tlie  pcriplu-ry  and 
advancing  to  hilus.  (A)  Note  the  consolidation  of  lower  and  outer  portion  of  tlie  right  upper  lobe.  The 
sharply-dcrincd  lower  border  establishes  the  identity  of  the  lesion  as  upper  rather  than  middle  lobe  consoli- 
dation. (B)  Within  forty-eight  hours  there  was  advancement  of  the  process  to  involve  the  entire  upper 
lobe.  (C)  Shortly  after  the  crisis  resolution  begins.  (D)  (Continued  favorable  resolution  of  the  process. 
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probable  that  the  same  explanation  holds 
in  these  cases.  Furthermore,  from  the 
plates  which  have  been  shown  of  lobar 
pneumonia  in  adults,  it  is  evident  that,  in 
the  greater  number  of  instances,  lobar 
pneumonia  starts  as  a  central  consolidation 
in  the  hilus  region  and  spreads  peripher- 
ally. It  would  seem,  therefore,  that,  at 
least  in  the  majority  of  instances,  our  old 
conception  of  lobar  pneumonia  was  the 
correct  one;  the  obscurity  in  physical 
signs  in  certain  instances  being  due  to  a 
centrally  located  consolidation  which  had 
not  yet  reached  the  surface. 

Prognosis.  Pneumonia,  uncomplicated 
by  other  pulmonary  lesions,  may  itself 
prove  fatal.  Neither  the  location  of  the 
consolidation,  its  extent  nor  the  density  of 
the  consolidation  is  a  determining  sign 
in  the  prognosis.  The  most  extensive 
involvement  of  lung  tissue  may  end  in 
recovery:  the  smallest  areas  of  involve- 
ment may  result  fatally.  The  process  in 
one  lobe  may  resoKe  only  to  be  followed 
by  consolidation  in  another,  possibly  adja- 
cent to  the  primary  involved  lobe,  possibly 
remote.  All  the  lung  tissue  on  one  side 
may  be  in^olved  in  a  massive  consolida- 
tion. As  a  general  rule,  however,  involve- 
ment of  a  single  lobe  gives  much  the  best 
prognosis,  especially  where  the  shadow 
shows  the  characteristic  changes  described 
as  natural  for  the  course  of  the  disease. 
Usually,  lobar  pneumonia  resolves  very 
rapidly:  three  days  after  the  crises  may  be 
sufficient  for  complete  resolution;  seven 
to  ten  days,  however,  is  the  average  time. 
If  fourteen  days  elapse  after  the  crisis 
without  signs  of  progressive  favorable 
resolution,  or  if  no  crisis  occurs  within 
this  period,  the  condition  is  abnormal, 
and  it  can  be  depended  upon  that  some 
complication  of  pneumonia  is  present. 
Persistence  of  the  shadow  over  this  period 
did  not  occur  in  a  single  instance,  unless 
there   was   some   complicating   pathology. 

Pulmonary  Contplicatiojis.  The  most 
frequent  pulmonary  complications  of  lobar 
pneumonia  are: 

1.  Dry  pleurisy  with  thickening  of 
pleura. 

2.  Pleural  effusions,  serous  or  purulent; 
either  general  or  localized. 

3.  Plastic  serofibrinous  pleurisy. 


4.  Chronic  interstitial  pneumonia  or 
fibrosis. 

5.  Lung  abscess. 

Dry  pleurisy,  resulting  in  a  thickening  of 
the  pleura,  both  at  the  periphery  and  in  the 
interlobe,  is  so  frequent  an  attendant  with 
pneumonia  that  it  is  probably  best  con- 
sidered as  a  part  of  the  pathological 
process.  The  presence  of  a  pronounced 
pleural  reaction  is,  in  itself,  almost  path- 
ognomonic of  a  recent  inflammatory  lesion. 
Roentgenographically,   the   linear  shadow 
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Fig.  7.  Very  frequently  a  small  amount  of  fluid  forms 
in  the  pleural  cavity  during  the  course  of  the  disease. 
Note  the  ribbon-like  shadow  running  along  the 
parietal  wall.  The  rounded  appearance  of  the  upper 
portion  of  the  consolidated  area  is  suggestive  of  a 
small  collection  of  interlobar  effusion. 

running  upward  along  the  parietal  wall  ot 
the  chest  and  the  dense  linear  shadow 
extending  across  the  chest  from  the  hilus 
to  the  periphery  when  the  interlobar 
pleura  is  involved,  are  familiar  to  all 
roentgenologists.  After  the  disease  has 
progressed  to  involve  the  pleura,  a  small 
amount  of  serous  fluid  may  collect  (Fig.  7). 
This  obscures  the  costophrenic  angle  and 
produces  a  ribbon-like  shadow  along  the 
parietal  chest  wall,  not  unlike  _  pleural 
thickening,  and  at  times  almost  indistin- 
guishable from  it.  This  occurs  so  frequently 
during  the  course  of  the  disease  that  it 
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seems  quite  probable  that  it  is  a  provision 
of  nature  to  keep  the  inflamed  pleural 
surfaces  apart,  and  prevent  adhesions. 
Its  presence  Is  of  little  significance,  merely 
adding  to  the  dilliculty  of  differential 
diagnosis  between  lower-lobe  pneumonia 
and  pleural  effusion.  Larger  collections  of 
fluid  may  occur  in  the  free  pleural  cavity 
during  the  course  of  a  pneumonia,  and 
these  have  the  same  characteristics  of  fluid 
encountered  under  ordinary  conditions  in 
the  chest.  \\'hcrc  the  pneumonic  consolida- 


observed  on  certain  occasions  with  mod- 
erately large  efTusions.  Where  a  primary 
consolidation  In  the  lower  lobe  Is  com- 
plicated by  a  pleural  effusion,  the  diagno- 
sis becomes  more  difficult,  and  it  is  often 
\cry  hard  to  decide  just  how  much  of  the 
shadow  IS  due  to  consolidation  and  how 
much  to  fluid.  Pleural  effusions  encoun- 
tered as  a  complication  of  pneumonia  may 
be  either  serous,  serofibrinous  or  purulent. 
Since  It  is  Impossible  to  tell  from  the 
density  of  the  shadow  the  character  of  the 


Fig.  8.  Localized  iluid  entrapped  between  the  two  pleural  layers.  Localized  collections  of  fluid,  unassociated 
with  plastic  serolibrinous  pleurisy,  are  sharply  outlined.  Being  between  the  layers  of  pleura,  the  shadow  is 
peripheral  in  location.  (A)  Localized  fluid  without  pocketing.  (B)  Localized  fluid  showing  a  tendency  to 
pocket  iormation. 


tlon  is  in  the  upper  portion  of  the  chest,  any 
additional  shadow  forming  In  the  lower 
chest  from  the  accumulation  of  fluid  can  be 
readily  detected.  The  costophrenic  angle, 
being  the  most  dependent  portion  of  the 
chest,  is  first  to  be  obscured,  and  the 
shadow  extends  across  the  lower  portion  of 
the  chest  running  up  along  the  axillary 
border.  The  upper  l)()rder  of  the  eflusion  is 
hazy  and  concave,  extending  higher  up 
toward  the  axillary  side.  The  heart  and 
mediastinal  structures  are  usually  dis- 
placed somewhat  to  the  opposite  side,  due 
to  the  weight  of  the  fluid.  This  is  not  an 
infallible  sign,  however,  and  has  not  been 


fluid,  it  is  Impossible  to  differentiate 
between  serous  effusion  and  empvema. 
The  clinical  picture  may  gi\c  some  indica- 
tion, but  aspiration  is  the  only  reliable  test. 
Pleural  eftusion  may  not  only  be  general, 
involving  the  entire  chest  cavity  as  pre- 
viously described,  but  may  also  be  localized 
by  adhesions  between  the  two  pleural 
layers  at  any  point  at  which  the  pleural 
layers  come  in  contact  with  each  other 
(Fig.  8).  This  may  be  between  lobes  of  the 
lung,  when  an  interlobar  eflusion  results. 
Such  effusions  usually  present  a  clear-cut 
shadow  extending  across  the  entire  halt  ot 
the  chest  from  the  iiilus  to  the  periphery. 
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The  outer  margin  is  often  rounded  and  the 
lower  border  sharply  defmed,  in  these 
respects  differing  from  consolidation  of  the 
middle  lobe  (Fig.  9).  Collections  of  fluid, 
localized  by  adhesions  of  the  parietal  and 
visceral  pleura,  may  occur  in  any  portion 
of  the  pleural  cavity.  They  are  most  fre- 
quent in  the  lower  portion  of  the  chest,  in 
the  axillary  border  and  in  the  posterior 
cul-de-sac.  Occasionally  they  are  observed 
in  the  upper  portion.  Regardless  of  posi- 
tion, localized  pleural  effusions  are  nearly' 
always  sharply  outlined  unless  they  occur 
in  connection  with  plastic  serofibrinous 
pleurisy.  In  determining  the  location  ot 
such  localized  effusions,  the  lateral  view  is 
most  helpful.  Such  effusions  may  be  either 
serous  or  purulent  in  character.  That  small 
collections  of  pus,  either  in  the  lung  or 
entrapped  between  the  pleural  layers, 
frequently  escape  detection,  is  evidenced 
by  this  case  (Fig.  10,  A,  B,  C,  D).  In  this 
instance  two  drams  of  thick  pus  were 
aspirated  from  the  lower  chest  during  the 
height  of  the  consolidation.  Resolution 
progressed  favorably  and  complete  restora- 
tion to  normal  resulted.  Pneumothorax  is  a 
very  rare  complication  of  pneumonia,  and 
usually  occurs  in  connection  with  post- 
pneumonic empyema. 

Another  condition  which  sometimes 
complicates  pneumonia  is  plastic  sero- 
fibrinous pleurisy.  This  complication,  al- 
though not  so  frequently  met  with,  is  apt 
to  be  more  serious  than  the  other  com- 
plications previously  mentioned.  Present- 
ing no  features  akin  to  an  effusion,  it  must 
necessarily  be  considered  as  a  separate 
entity  from  the  roentgenologic  standpoint. 
The  pneumonic  process  may  run  a  natural 
course  ending  by  crisis,  the  temperature 
may  fall  to  normal  and  remain  so  for  a 
short  time,  only  to  be  followed  by  a  post- 
critical  rise  and  a  persistent  septic  tem- 
perature, or  a  definite  crisis  may  never 
occur,  the  temperature  gradually  assuming 
this  septic  character.  Roentgenographi- 
cally,  the  consolidated  area  does  not  resolve 
in  the  customary  manner  (Fig.  11).  Large 
blotchy  areas  of  increased  density  remain 
usually  most  pronounced  at  the  periphery, 
the  central  portion  of  the  shadow  showing 
indication  of  normal  resolution.  The  pleura 
is  extremely  thick  and  presents  a  stringy 


appearance,  due  to  the  fibrinous  exudate. 
At  autopsy  the  pleural  surface  is  shaggy, 
with  heavy  strands  of  fibrinous  exudate 
enmeshing  small  abscesses.  These  abscesses 
may  attain  considerable  size,  and  may  even 
represent  localized  areas  of  effusion.  The 
pus  content  is  usually  very  thick  and 
creamy,  due  to  the  high  fibrin  content.  The 
process  may  invade  the  lung,  resulting  in 
multiple  small  abscesses  and  interstitial 
fibrosis.  Such  involvement  may  be  small  in 
extent  and  may  completely  resolve,  even 


Fig.  ().  liittiloiKH  cclkction  iif  iliiid.  Note  the  dense 
homogeneous  shadow  extending  from  the  hilus  to 
the  periphery;  note  also  the  rounded  appearance  of 
the  outer  margin. 

where  pus  is  present,  leaving  only  a  small 
pleural  adhesion.  Resolution  of  such  a 
process  usually  requires  six  to  eight  weeks, 
however.  Repeated  roentgenographic  ex- 
aminations will  indicate  the  progress  of 
resolution,  and  will  aid  in  determining  the 
prognosis.  W'here  the  condition  is  very 
extensive,  however,  the  outlook  for  ulti- 
mate complete  restoration  to  normal  is  not 
so  good.  Where  any  considerable  amount 
of  pus  is  present,  or  where  it  is  evident 
from  repeated  roentgenographic  examina- 
tions that  the  condition  is  not  progressing 
favorably,  surgical  intervention  and  evac- 
uation of  the  pus  may  aid  materially  in  the 


360 


A  Study  of  Lobar  Pneumonia  and   Its   Pulmonary  Complications 


I'll,.  H).  'I'liat  small  collections  (if  pus,  cither  in  tlic  lunj:  or  ciitra|)pc(l  between  tlic  layers  ol  jjleiira,  often 
escape  detection,  is  evidenced  by  this  case.  (A)  Lower  ri^ht-lobe  pneumonia  just  after  crisis.  At  this  time  a 
needle  was  inserted  and  two  drams  of  pus  aspirated  from  somewhere  within  the  involved  area.  (B)  Plate  made 
three  days  after  aspiration  of  pus.  Note  the  network  appearance  of  upper  border  and  marked  recession  of 
the  process.  (O  Plate  made  three  weeks  later,  showing  continued  favorable  but  very  slow  resolution.  (D) 
Plate  two  weeks  later  showing  continued  ^favorable  resolution.  Almost  complete  restoration  to  normal. 
Clinically  the  child  had  fully  recovered. 
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ultimate  recovery.  By  reason  of  the 
enmeshed  character  of  the  pus  and  its  very 
viscid  consistency,  it  often  happens  that 
surgical  inter\ention  or  any  other  method 
of  treatment  is  of  little  avail,  and  the  pro- 
cess goes  on  to  ultimate  fibrosis  (Fig.  12). 
The  pleura,  both  parietal  and  visceral, 
becomes  enormously  thickened,  obliterat- 
ing the  pleural  cavity.  The  small  abscesses 
entrapped  between  the  layers  of  pleura 
throughout  the  fibrinous  exudate  become 
absorbed  and  are  replaced  by  fibrous  tissue. 


^  \ 

^i^^^^^ 

mm 

^ 

^ 

i 

apparent  since  compensatory  emphysema 
of  the  normal  lung  usually  results.  The 
entire  lung  is  practically  replaced  by 
fibrous  tissue  showing  a  dense  irregular 
shadow.  The  condition  produced  is  known 
pathologically  as  chronic  interstitial  pneu- 
monia. Some  modification  of  this  process  is 
probably  what  has  been  referred  to  as 
"unresolved  pneumonia." 

The  last  complication  of  pneumonia  to 
which  I  desire  to  call  attention  is  lung 
abscess.    Persistence    of   the    consolidated 


Fig.  II.  Plastic  serofibrinous  pleurisy  with  localized 
collection  of  fluid.  Note  the  peripheral  location  of  the 
shadow,  and  that  when  associated  with  plastic 
pleurisy,  localized  collections  of  fluid  are  not  sharply 
outlined. 


Organization  takes  place,  and  finally  scar 
tissue  is  formed.  The  lung  tissue  may 
become  involved  and  an  interstitial  fibrosis, 
similar  in  character,  may  result,  either  from 
an  extension  of  the  process,  or  as  a  result  of 
functionless  condition  produced  in  the 
lung.  The  ultimate  stage  of  the  process  is  a 
contraction  of  the  scar  tissue.  The  heart 
and  mediastinal  structures  are  drawn  over 
toward  the  affected  side.  The  diaphragm 
is  elevated  and  the  intercostal  spaces  are 
narrowed.  The  entire  side  of  the  chest 
becomes  more  shallow  than  the  normal 
side,    a    condition    which    is    even    more 


Fi<;.  12.  Chronic  interstitial  pneumonia  following 
organization  of  a  plastic  serofibrinous  pleurisy.  Note 
the  narrowing  of  the  interspaces,  the  elevation  of  the 
diaphragm  and  the  displacement  of  the  heart  and 
mediastinal  structures  to  the  right. 

area  beyond  the  time  normal  for  a  lobar 
pneumonia,  without  favorable  signs  of 
resolution,  is  almost  pathognomonic  of 
abscess  formation.  Often,  the  diagnosis  of  a 
complicating  abscess  can  be  made  by  the 
roentgenographic  appearance,  fully  five  to 
seven  days  before  the  indications  are 
present  clinically. 

Differential  Diagnosis.  During  the  early 
stage  of  lobar  pneumonia,  the  consolidation 
may  be  confined  to  the  hilus  region  and 
resemble,  in  all  respects,  hilus  pneumonia. 
Within  twenty-four  hours,  however,  the 
hilus  consolidation  should  spread  toward 
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the  periphery,  conlining  itself  to  a  single 
lobe,  if  the  condition  is  due  to  lobar 
pneumonia.  If  the  condition  is  due  to  hilus 
pneumonia,  the  shadow  will  remain  con- 
stant and  will  not  spread  peripherally. 
As  a  general  rule,  when  the  consolidation 
is  fully  developed,  there  is  little  difliculty  in 
the  diagnosis  of  lobar  pneumonia.  Occa- 
sionally, however,  even  the  acute  shadow 
of  lobar  consolidation  may  be  confused 
with  other  conditions.  Caseous  tuberculous 
pneumonia    (Fig.    14)    may  cause  a   mas- 
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Fig.    13.   Lung  abscess   iDllowini;  lobar  pneumonia   of 
the  lower  lobe. 

sive  homogeneous  consolidation  confined 
closely  to  one  or  more  lobes,  which  may 
resemble  in  every  detail  the  consolidation 
from  lobar  pneumonia.  The  symptoms  and 
course  of  the  disease  readily  dilTerentiate 
the  conditions.  Caseous  tuberculous  pneu- 
monia requires  from  three  to  four  months 
for  resolution,  whereas  lobar  pneumonia 
may  completely  resolve  in  as  many  days. 
Caseous  tuberculous  pneumonia  usually 
leaves  behind  definite  cavity  formation; 
lobar  pneumonia  resolves  completely  and 
leaves  a  perfectly  normal  appearance. 
It  is  undoubtedly  true  that  caseous  tuber- 
culous pneumonia  may  occur  in  any  of  the 
lobes  of  the  lung,  but  the  upper  lobes  are 
undoubtedly   the  nuist   frequent  site;  the 


right  side  being  most  frequently  invoK  ed. 
Where  the  roentgenographic  evidence  alone 
is  analyzed,  the  differential  diagnosis  may 
depend  entirely  upon  the  course  of  the  dis- 
ease. The  clinical  history,  however,  may 
serve  at  once  as  a  determining  factor. 
In  the  tuberculous  type  of  pneumonic 
consolidation,  the  temperature  is  ne\er  so 
high  and  there  are  morning  remissions 
even  to  normal,  a  condition  not  obtained 
m  lobar  pneumonia.  There  is  not  the  pro- 
nounced leucocytosis  obtained  in  lobar 
pneumonia.  The  patient  does  not  feel 
exceptionally  bad,  and  may  even  be  up  and 
about;  in  pneumonia,  on  the  other  hand, 
the  patients  are  quite  ill  and  confined  to 
bed.  In  this  connection  may  I  say  that  in 
the  opinion  of  the  writer,  positive  diag- 
noses as  to  chest  conditions  without  a  pre- 
vious consideration  of  the  clinical  history 
are  very  hazardous. 

Only  under  the  rarest  circumstances 
would  the  lobar  distribution  of  a  broncho- 
pneumonia be  confused  with  lobar  pneu- 
monia. The  comparative  rarity  of  the 
former  condition,  its  occurrence  in  con- 
nection with  septicemia  or  as  a  complica- 
tion of  influenza,  its  invasion  by 
peribronchial  infiltration  and  the  blotchy, 
uneven  appearance  of  the  shadow  will  aid 
in  the  differential  diagnosis  of  the  two 
conditions. 

Syphilis  of  the  lung  produces,  at  times, 
massive  homogeneous  consolidation,  which 
may,  at  a  single  examination,  resemble 
lobar  pneumonia.  While  the  consolidation 
from  syphilis  is  usually  more  massi\e,  a 
similar  picture  may  be  presented  by  lobar 
pneumonia,  and  again  the  determining 
factor  must  be  sought  in  the  clinical 
history.  Whereas  one  would  expect  a 
patient  with  lobar  pneumonia  of  this 
extent  to  be  desperately  ill,  syphilis  of  this 
extent  may  have  remarkably  few  symp- 
toms. The  Wassermann  reaction  and 
resolution  of  the  consolidation  alter  salvar- 
san  are  the  deciding  factors. 

Tumors  of  the  lung  rarely  produce  any 
confusion.  The  only  type  of  new  growth 
which,  in  the  writer's  experience,  has 
over  in  any  way  simulated  pneumonia,  is 
the  metastasis  froni  a  hypernephroma. 
Hypernephroma  (Fig.  15)  may  oe  con- 
lined  to  the  lower  lobe  of  the  lung  produc- 
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ing  a  dense  homogeneous  consolidation 
which  at  times  may  simulate  lobar  pneu- 
monia or  fluid.  Three  such  cases  have  come 
under  the  writer's  observation,  which 
were  either  confirmed  by  autopsy  or 
microscopic  sections  from  material  ob- 
tained by  lung  puncture. 

One  of  the  most  difficult  differential 
diagnoses  may  be  in  the  differentiation 
between  lower-lobe  pneumonia  and  fluid, 
or  the  simultaneous  existence  of  both. 
The   upper    border   of  a    pleural    effusion 


structures  are  usually  displaced  in  fluid, 
but,  as  has  been  said,  that  is  not  an  infalli- 
ble sign,  for  either  no  displacement  at  all 
may  be  present,  or  it  may  be  so  slight  as 
to  be  indeterminate.  Under  certain  condi- 
tions, therefore,  the  diflerential  diagnosis 
between  lower-lobe  pneumonia  and  fluid 
becomes  very  difficult.  A  method  which 
we  have  used  occasionally,  and  have  found 
most  useful  in  the  differentiation  of  the 
two  conditions  will  be  briefly  outlined 
(Fig.  16).  Since  the  upper  bounding  plane 


Fig.  14.  (A)  Acute  caseoiis  tuberculous  pneumonia  of  the  lobar  type.  This  condition  simulates  very  closely  the 
consolidation  from  lobar  pneumonia,  and  can  only  be  differentiated  at  the  onset  by  the  lack  of  serious  clinical 
symptoms,  and  later  on  by  the  protracted  course  of  the  disease.  (B)  Three  months  later.  Same  resolution 
has  occurred  with  cavity  formation. 


extends  from  the  hilus  region  upward  and 
outward  to  the  axilla,  and  may  conform 
very  closely  to  the  upper  border  of  a 
consolidation  in  the  lower  lobe.  It  is  true 
that  the  costophrenic  angle  is  obliterated 
in  fluid  and  is  usually  well  aerated  during 
the  acute  stage  of  lower-lobe  consolidation, 
but  very  often  a  somewhat  later  stage  of 
the  disease  finds  it  obliterated,  whether 
by  extension  of  the  consolidation  to  this 
remote  portion  of  the  lung,  or  by  oblitera- 
tion from  a  small  collection  of  protective 
fluid,  makes  little  difference  in  the  difliculty 
of  diagnosis.   The   heart   and   mediastinal 


of  the  lower  lobe  is  on  a  relatively  straight 
line  running  from  behind  forward  and 
downward,  it  follows  that  the  image  cast 
on  a  plate  of  consolidations  of  the  lower 
lobe,  if  the  ray  is  projected  along  the 
upper  surface,  will  be  a  definite  straight 
line,  clear-cut  at  its  margin  and  very 
dense.  When  made  in  the  ordinary  posi- 
tion, the  beam  of  .v-rays  traverses  the 
wedge-shaped  upper  portion  of  the  lower 
lobe,  causing  a  gradual  shading  off  into 
the  normal  lung,  and  resulting  in  a  hazv 
upper  border  which  is  not  sharply  outlined 
and  not  dense.  Fluid,  on  the  other  hand. 
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when  it  has  reached  a  stage  contusing  it 
with  pneumonia,  owing  to  the  curved  line 
which  it  produces,  both  from  before  back- 
ward and  upward,  and  from  within  out- 
ward and  upward,  never  casts  a  clear-cut 
upper  border,  no  matter  what  the  position 
of  the  tube.  While  roentgenograms  made 
in  the  ordinary  position  may  show  a  hazy, 
indefinite  upper  border,  either  in  lower- 
lobe  consolidation  or  in  fluid,  roentgeno- 
grams made  with  the  tube  centered  high 
up  will  show  a  clear-cut  upper  border  if  the 


Localized  pleural  effusion  will  rarely  be 
confused  with  tumors  of  the  pleura,  as  the 
history  and  previous  plates  made  during 
the  course  of  the  disease  will  differentiate. 
Localized  pleural  effusions  are  sharply 
outlined,  and,  being  between  the  layers  of 
the  pleura,  are  seen  at  the  periphery  rather 
than  at  the  midportion  of  the  lung.  In 
these  respects  they  differ  from  lung  abscess, 
which  is  not  clearly  outlined,  being  sur- 
rounded by  an  irregular  zone  of  inflamma- 


Fi(..  I,-.  I  lypi-rnophroma,  imtastatii.-  in  the  clu'st, 
causing  consolidation  of  the  right  lower  portion  of  the 
chest  simuhiting  hibar  pneumonia  or  fluid,  and  may 
be  indistinguishable  from  these  conditions  without 
clinical  history. 


shadow  is  due  to  consolidation,  but  a 
persistentlv  hazy  outline  if  it  be  due  to 
fluid. 

In  the  rcsoKing  stage,  the  most  easily 
confused  lesion  is  that  of  the  infiltrative 
type  of  tuberculosis.  This  is  especially  the 
case  where  the  pneumonia  in^'olves  the 
upper  lobe.  Here,  again,  the  clinical  history 
may  be  the  determining  factor:  a  short 
duration  and  profound  illness  suggest  an 
inflammatory  process;  a  longer  duration 
without  serious  illness  labels  the  condition 
as    more    probablx    ot    tuberculous    origin. 


Fig.  16.  Diagram  showing  character  of  shadows  cast 
by  lower-lobe  consolidation  and  fluid  with  high 
position  of  tube.  In  this  position  the  upper  border 
of  lower-lobe  consolidation  becomes  sharply  defined 
and  the  upper  border  of  fluid  remains  hazy,  no  matter 
what  the  posituui  of  the  tube. 

tory  infiltration;  being  in  the  lung 
substance,  its  shadow  appears  as  a  con- 
solidation and  usually  does  not  extend  to 
the  periphery. 

Plastic  pleurisy  with  localized  collections 
of  pus  has  the  same  peripheral  location, 
diflering  thus  from  abscess  of  the  lung, 
but  is  not  sharply  outlined  and  differs  in 
this  respect  from  an  ordinary  pleural 
collection. 

The  differentiation  of  organized  pleurisy 
and  interstitial  pneumonia  from  large 
pleural    elUisions    or    massi\e    pneumonic 
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consolidations  lies  in  the  manifestations 
of  scar-tissue  contraction — the  pulling  over 
of  the  mediastinal  structures,  the  pulling 
up  of  the  diaphragm,  the  narrowing  of  the 
intercostal  spaces  and  decrease  in  size  of 
the  pleural  cavity  on  that  side. 
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SUMMARY 

1.  Owing  to  the  sm^ilarity  in  appear- 
ance, differentiation  between  the  stages 
of  acti\e  consolidation  in  lobar  pneumonia 
is  impossible  from  the  roentgenogram. 

2.  In  the  majority  of  cases,  lobar 
pneumonia  starts  as  a  consolidation  in  the 
hilus  region,  rapidly  spreading  peripher- 
ally, and  involving  an  entire  lobe.  In  a  few 
cases  in  children,  the  onset  of  consolidation 
is  cortical  and  progresses  toward  the  hilus. 

3.  The  shadow  produced  is  homogeneous 
and  is  usually  confined  to  one  or  more 
lobes.  The  shadow  produced  by  involve- 
ment of  the  various  lobes  is  indicated  by 
diagrams. 

4.  During  the  stage  of  resolution  the 
shadow  becomes  mottled  and  irregular, 
complete  resolution  being  effected  often 
in  a  very  short  time — three  days. 

5.  The  average  time  for  resolution  is 
seven  to  ten  days  after  the  crisis.  Persist- 
ence of  shadow  or  failure  of  resolution 
after  fourteen  days  is  distinctly  pathologi- 
cal, and  suggests  some  complicating  lesion. 

6.  The  pulmonary  complications  most 
frequently  encountered  following  pneu- 
monia are: 

(a)  Dry  pleurisy  with  thickening  of  the 
pleura. 

(6)  Pleural  effusion,  either  serous  or 
purulent,  and  either  general  or  local. 

(c)   Plastic  serofibrinous  pleurisy. 

id)  Chronic  interstitial  pneumonia  or 
fibrosis. 

(e)  Lung  abscess. 

7.  Their  roentgenographic  differentia- 
tion is  indicated. 
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DISCUSSION 

Dr.  Ullmann.  Dr.  Sante  has  covered  the 
subject  so  thoroughly  that  I  am  rather  at  a 
loss  what  to  say.  At  Santa  Barbara  we  do  not 
have  very  much  pneumonia,  although  we  ha^■e 
plenty  of  other  things. 

I  would  like  to  ask  Dr.  Sante  if  he  has  seen 
at  any  time  what  Dr.  Billings  spoke  of  in 
1916  as  pseudo-Iobar  pneumonia.  I  do  not 
know  whether  there  were  any  roentgen  examina- 
tions made  of  these  cases  or  not. 

Dr.  Sante  did  not  speak  of  purulent  bron- 
chitis as  a  complication.  I  saw  one  child, 
twelve  years  old,  who,  after  a  pneumonia  had 
cleared  up,  continued  to  run  a  temperature. 
The  question  of  any  empyema  was  seriously 
considered,  although  the  physical  signs  were 
pretty  well  gone.  Stereoscopic  plates  showed  a 
cast  of  the  entire  bronchial  tree  which  appeared 
as  though  it  had  been  injected  with  an  opaque 
medium.  This  condition  entirely  cleared  up 
three  or  four  days  later. 

I  was  glad  to  hear  the  statement  made  that 
any  shadow  remaining  over  two  weeks  was 
abnormal. 

There  was  a  condition  seen  during  the  war 
following  gassing,  especially  after  mustard 
gas,  which  I  have  never  seen  in  civil  life.  I 
would  like  to  ask  if  anyone  else  has  seen  it. 
During  my  service  with  the  British  Army  I 
was  fortunate  enough  to  make  stereoscopic 
plates  of  men  dying  with  acute  pneumonia 
following  inhalation  of  mustard  gas.  These 
plates  were  made  immediately  after  death  and 
an  autopsy  held  within  a  half-hour.  I  can  best 
describe  the  appearance  as  a  honeycomb. 
Bleeding  into  the  pleural  cavity  was  found  at 
autopsy  and  the  lungs  were  filled  with  patchy 
emphysematous  areas  in  an  edematous  lung. 
These  areas  of  emphysema  and  edema  were 
apparently  responsible  for  the  honeycomb 
appearance  in  the  roentgenograms.  The  hemor- 
rhage and  emphysema  were  probably  due  to 
the  violent  coughing  which  was  such  a  marked 
feature  of  these  cases. 

I  would  like  to  ask  Dr.  Sante  if  there  was  any 
routine  position  for  taking  pneumonia  cases.  I 
take  it  that  a  portable  outfit  was  used.  I  would 
like  to  know  if  he  found  it  difficult  to  have  the 
patients  sit  up  for  the  examination. 
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Dr.  LeVVald.  I  was  present  at  the  time  the 
paper  referred  to  by  Dr.  Sante  was  read,  and 
at  that  time  made  the  statement  that  I  had 
seen  2  cases  of  pneumonia  starting  at  the  root 
and  extending  to  the  periphery.  This  bears 
out  what  Dr.  Sante  has  also  observed,  and  I 
am  sure  that  his  olDservation  is  quite  correct; 
that  we  do  have  pneumonia  starting  at  the 
hilum  and  later  extending  out  to  the  surface, 
although  that  may  not  be  as  common  as 
pneumonia  starting  at  the  surface  and  extend- 
ing to  the  root. 

Dk.  Sante  (closing  discussion).  Referring 
to  Dr.  Ullman's  statement  as  to  psuedo-Iobar 
pneumonia;  one  of  the  cases  which  I  presented 
was  such  a  case — so-called  lobar  distribution 
of  brochopneumonia.  Autopsy  proved  it  to 
be  bronchopneumonia  following  an  inlhicnza 
infection. 

In  the  army  service  we  were  afforded  oppor- 
tunity   to    examine    a    great    manv    influenza 


pneumonia  cases  at  daily  intervals,  and  were 
able  to  follow  their  development  from  clusters 
of  peribronchial  infiltration  to  the  complete 
lobar  lesion.  Without  serial  radiographs  the 
differentiation  from  lobar  pneumonia  would 
be  \cry  difficult. 

I  have  had  no  personal  experience  with 
membranous  bronchitis  or  recently  gassed 
cases. 

I  was  very  glad  indeed  to  hear  of  Dr. 
LeWald's  observations  and  am  quite  sure  that 
many  here  have  had  a  similar  experience.  I 
feel,  however,  that  the  vast  majority  of  lobar 
pneumonia  cases  start  at  the  hilus  and  progress 
to  the  pcripherj'.  In  a  great  number  of  instances 
this  progress  is  very  rapid,  but  many  times  a 
case  will  be  encountered  while  the  consoli- 
dation is  still  in  the  hilus  region.  In  these 
patients  serial  radiographic  examinations 
will  show  the  progress  of  the  lesion  to  the 
periphery. 


PROGNOSIS  IN  TUBERCULOSIS  OF  THE  LUNGS  FROM 
EXAMINATION  BY  THE  X-RAYS* 


BY    A.    HOWARD    PIRIE,    M.D. 


MONTREAL,    CANADA 


WHEN  a  roentgenologist  makes  a 
diagnosis  of  pulmonary  tuberculosis, 
it  is  seldom  that  he  sees  the  patient  after 
a  lapse  of  six  months,  so  that  he  can  con- 
firm his  report.  If  he  makes  a  mistake  and 
gives  a  positive  diagnosis  and  the  patient 
is  well  after  a  year,  no  blame  is  attached 
to  the  roentgenologist  and  the  physician 
in  charge  gets  the  credit  of  a  cure.  If,  on 
the  other  hand,  he  makes  a  mistaken  nega- 
tive diagnosis  and  the  patient  goes  from 
bad  to  worse,  the  patient  naturally  goes 
elsewhere  for  another  .v-ray  report.  It 
thus  happens  that  our  reports  on  pul- 
monary' tuberculosis  are  not  checked  up 
as  they  are  on  fractures.  We  learn  it  very 
c|uickly  if  we  make  a  mistaken  diagnosis  in 
stomach  or  bone  work,  but  not  if  we  give 
a  mistaken  diagnosis  in  a  case  of  pul- 
monary tuberculosis. 

In  order  to  check  up  my  own  diagnoses  of 
pulmonary  tuberculosis  I  ha\e  analyzed 
my  findings  during  three  and  a  half  years 
at  a  soldiers'  hospital.  This  hospital  has 
had   the   opportunity   of  Ibliowing  T.    B. 


cases  for  three  to  four  years,  and  during 
that  time  I  examined  2,321  chest  cases, 
making  2,574  stereoscopic  plates.  Of  these, 
141  were  cases  of  T.  B.  of  the  lungs.  Some 
of  these  cases  reported  once  or  twice  a 
year  for  x-ray  examination.  All  are  now 
routinely  examined  by  stereoscopic  sets. 
I  selected  the  films  of  patients  who  had 
pulmonarv  tuberculosis  and  who  were 
examined  by  .\-rays  year  by  year,  and  put 
these  films  up  side  by  side.  By  this  means 
I  ha^  e  been  able  to  see  the  advance  in  the 
disease  from  year  to  year.  From  the 
excellent  clinical  notes  which  have  been 
kept  of  these  patients,  I  have  confirmed  the 
clinical  findings  with  the  .v-ray  plates  and 
made  a  short  summary  to  go  N\ith  the 
plates.  It  is  interesting  to  note  that  in 
general  the  .v-ray  findings  of  pulmonary 
tuberculous  disease  have  been  in  adxance 
of  the  clinical  findings.  I  have  also  been 
struck  by  the  fact  that  patients  in  whom 
the  .v-rays  hiwe  shown  no  tuberculosis 
have  been  sent  to  a  sanatorium  and  have 
returned  after  about  a  year  with  a  report 


•  Read  at  Ihc  Twenty-third  .■\iniual  MeetinR  of  The  American  Roextcen  Ray  Society,  Los  .AnRcles.  Calif..  Sept.  T2-i6,  1922. 
Discussion  of  this  paper  and  the  others  in  the  same  symposium  will  appear  in  a  later  number  of  the  Jovknal. 
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of  disease  arrested.  In  these  cases,  on 
comparing  .v-ray  plates  made  before  and 
after  the  sanatorium  treatment,  no  trace 
of  T.  B.  was  seen  at  either  examination. 
In  such  a  case  I  have  felt  inclined  to  con- 
gratulate the  patient  on  not  contracting 
T.  B.  from  his  companions  at  the  sanato- 
rium. I  consider  that  as  to  sending  a 
patient  suspected  of  tuberculosis  to  live 
in  a  sanatorium,  to  mix  with  undoubted 
cases  (if  no  T.  B.  has  been  found  in  the 
sputum  and  the  .v-rays  do  not  give  a  posi- 
tive diagnosis  of  it)  that  patient  would  be 
better  off  and  run  less  risk  at  home  than  in 
a  sanatorium. 

My  earliest  diagnoses  of  T.  B.  are  given 
from  stereoscopic  plates  showing  mottled 
areas.  Advanced  cases  are  easily  recog- 
nized, and  cases  which  are  so  early  as  not 
to  show  mottling  I  do  not  diagnose  as 
T.  B.  Simple  intensification  of  the  bronchial 
tree  is  certainly  not  an  early  sign  of  tuber- 
culosis, but  may  be  a  result  of  former 
healed  tuberculosis.  It  is  very  constantly 
present  running  up  to  the  apices  when  the 
note  at  the  apices  is  flattened.  This,  to  my 
mind,  does  not  indicate  early  T.  B.,  for 
in  none  of  my  series  extending  o\"er  three 
and  a  half  years  has  this  simple  intensifica- 
tion of  the  bronchial  tree  been  followed  by 
active  T.  B. 

I  shall  detail  one  case  to  you,  typical  of 
others  showing  the  -v-ray  diagnosis  pre- 
ceding the  clinical  to  the  extent  of  one 
year. 

Case  I.  Male,  complained  four  years 
ago  of  varicose  veins  and  nothing  else. 
No  .v-ray  examination  made.  Three  years 
ago  he  complained  of  a  cough.  The  clini- 
cian reported  no  adventitious  sounds,  but 
impaired  note  at  both  apices.  X-rays  at 
this  time  showed  T.  B.  at  left  apex  and  a 
localized  pneumothorax. 

The  next  examination  reported  was  two 
years  ago  when  the  clinician  stated  that 
his  general  condition  was  good:  rales  at 
right  apex;  otherwise  breath  sounds  nor- 
mal (1921). 

The  next  examination  was  six  months 
ago,  when  he  had  cough  and  expectora- 
tion, breath  sounds  vesicular,  and  a  few 
rales  in  both  upper  lobes.  A  week  after 
this  examination  he  reported  spitting  of 
blood. 


From  the  clinical  report  from  1919  to 
date,  I  would  not  expect  that  .v-rays  made 
in  1920,  192 1  and  1922  would  show  that 
the  disease  had  progressed.  The  first 
.v-ray  examination  made  in  1920  showed  a 
distinct  circular  shadow  like  a  cavity 
which  completely  disappeared  in  the  later 
examinations.  This  circle  was  a  localized 
pneumothorax. 

In  watching  series  of  .v-rays,  made  at 
intervals  of  a  year  or  more,  of  cases  of 
T.  B.,  it  is  interesting  to  note  that  as  the 
disease  advances  the  heart  grows  smaller. 
This  smallness  of  the  heart  has  given  rise 
to  the  idea  that  a  small  heart  is  a  charac- 
teristic of  a  tendency  to  tuberculosis.  I 
have  often  been  struck  by  the  absence 
of  T.  B.  in  cases  of  verv  small  heart.  I  be- 


CASt  11.  Shows  the  increase  ul  liic  disease  and  the 
diminution  in  the  size  of  the  heart  over  a  period  of 
two  years. 

lieve  a  small  heart  is  the  result  of  advanced 
T.  B.,  and  not  a  predisposing  cause  of  T.  B. 

Case  II  illustrates  this.  The  .v-ray 
examination  made  in  1920  showed  a  fair- 
sized  heart,  while  the  appearance  as  seen 
in  1922,  when  the  disease  had  advanced, 
showed  the  heart  much  smaller.  In  19 18 
this  man  weighed  135  lbs.,  and  in  1922  he 
weighed  105  lbs. 

Case  III  indicates  the  progress  of  the 
disease  with  .v-rays  made  in  1919,  1920, 
192 1  and  1922.  That  in  1919  showed 
greater  disease  with  small  pneumothorax. 
The  patient's  weight  was  then  108.  The 
pneumothorax  continued  for  the  next 
two  years  and  cleared  up  in  1922,  when 
his  weight  was  1 1 1  lbs.,  a  gain  of  3  lbs. 
The  .v-ray  examination  in  1922,  however, 
showed  the  heart  smaller  than  in   1919. 

The  clinical  reports  in  191 8  state, 
"lungs  negative,"  and  again  in  1919, 
"lungs  negative."  Not  till   1921   did  the 
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cHnifian  note  the  presence  of  crepitations. 
The  last  clinical  note  in  1922  stated  that 
the  patient  was  generally  weak,  thin  and 
pale.  These  films  illustrate  a  nonprogres- 
sive type  of  T.  B.  In  1919  he  was  an 
undoubted  case  of  T.  B.  from  x-ray  exami- 
nation, when  the  clinician  reported  no 
adventitious  sounds  present.  It  illustrates 
the  appearance  ancl  disappearance  of  a 
small  localized  pneumothorax. 

Case  IV  shows  the  appearance  of 
chronic  T.  B.,  with  positive  sputum  with- 
out active  disease.  There  is  an  interval  of 
twelve  and  a  half  months  between  the 
two  x-ray  exposures,  and  during  that  time 
the  patient  gained  six  pounds  in  weight. 
The  later  plate  shows  increased  calcifica- 
tion, but  the  heart  has  grown  smaller. 
The  decrease  in  the  size  of  the  heart  is  the 
worst  feature  in  this  case  from  the  x-ray 
point  of  view.  I  would  call  this  a  slowly 
progressive  chronic  T.  B. 

Case  V.  The  .v-ray  report  of  T.  B. 
preceded  the  clinical  report.  The  two 
plates  were  made  at  an  interval  of  thirteen 
and  a  half  months.  In  the  1921  plate  no 
T.  B.  was  shown.  In  the  1922  plate  the 
T.  B.  is  evident;  and  the  decrease  in  the 
size  of  the  heart  is  \'ery  marked. 

Case  VI  is  the  type  in  which,  from  the 
x-ray  appearance,  a  bad  prognosis  should 
be  given.  In  1919  he  showed  a  pneumo- 
thorax at  left  apex  with  evidence  of  T.  B. 
in  right  and  left  lung.  The  following  year 
the  pneumothorax  had  increased  and  the 
heart  had  grown  much  smaller.  This 
decrease  in  the  size  of  the  heart  is  a  bad 
sign.  The  plate  made  in  1922  showed 
the  heart  to  be  a  little  larger  than  in  1920. 
This  may  be  due  to  dilating  heart  from 
impending  failure,  as  death  occurred  ten 
days  after  this  last  plate  was  made. 

Case  VII  indicated  extensi\e  T.  B., 
which,  after  fifteen  months,  showed 
marked  improvement.  The  1920  plate  shows 
T.  B.  in  middle  of  right  lung  and  at  right 
apex.  The  1922  plate  shows  less  evidence 
of  disease  about  the  middle  of  right  lung. 
The  e\idence  of  im]:)ro\ ement  is  enhanced 
by  the  fact  that  the  heart  has  not  grown 
smaller.  The  patient's  weight  is  recorded 
at  120  lbs.  in  191 8,  and  the  same  in  1922. 
Here,  then,  is  a  man  who  has  lost  no 
weight,  whose  heart  has  not  grown  smaller, 


and  whose  T.  B.  has  cleared  up  considerably 
as  shown  by  x-rays.  This  case  leads  me 
to  ask  if  T.  B.  growing  from  the  hilus  (as 
this  case  appears  to  be)  is  more  liable  to 
clear  up  than  T.  B.  beginning  in  the  upper 
third  of  the  lung. 

Case  VIII  shows  that  the  heart  of  a 
nonprogressive  T.  B.  does  not  decrease  in 
size.  He  had  treatment  for  326  days  in  a 
sanatorium  during  191--18.  His  weight 
was  120  lbs.  in  1918  and  the  same  in  1922. 
The  appearance  of  the  plate  of  1920  is 
characteristic  of  nonprogressive  T.  B.  Note 
once  more  that  the  heart  did  not  decrease 
in  size  in  this  nonprogressi\  e  case  of  T.  B. 

Case  IX  shows  T.  B.  with  very  little 
if  any  ad\ance,  as  shown  by  examination 
over  a  period  of  twenty  months,  with  gain 
in  weight  during  that  period.  Both  plates 
show  a  fibroid  condition  at  the  right  apex, 
but  the  most  important  point  is  that  the 
heart  has  not  decreased  in  size,  but  is 
actually  a  little  bigger  in  1922  than  in  1920. 

Case  X  was  diagnosed  as  T.  B.  by  an 
experienced  roentgenologist  in  1919.  I 
consider  that  he  made  a  mistaken  diagno- 
sis, as  after  three  years  there  is  no  evidence 
of  T.  B.,  though  the  root  of  each  lung  has 
that  appearance  which  makes  one  hesitate 
whether  to  give  a  positive  or  a  negative 
diagnosis  of  T.  B.  He  was  4  lbs.  heavier 
in  1922  than  he  was  in  1919.  This  is  a  case 
of  chronic  bronchitis  and  not  T.  B.  The 
size  of  the  heart  should  be  noted.  It  is  as 
large  in  1922  as  it  was  in  19 19.  Had  it  been 
progressive  T.  B.,  the  heart  would  have 
grown  smaller. 

RESUME 

A.  Faxorable  prognosis  is  based  upon: 

1.  Absence  of  abundant  mottling. 

2.  Presence  of  calcification  in  roots  of 
lungs,  and  better  still,  in  paren- 
cliMiia  of  lungs. 

3.  No  diminution  in  size  of  heart. 

B.  Unfavorable  prognosis  is  based  upon: 

1.  Abundant  Huffy  mottling. 

2.  No  calcilication  anywhere. 

3.  Diminution  in  size  of  heart. 

C.  The  diminution  in  size  of  heart  with 
progress  of  the  disease  can  be  easily  shown 
by  x-rays.  The  diminution  is  out  of 
proportion  to  the  wasting  of  other  muscles 
of  the  patient. 


ENTEROLITHS'' 


BY    \V.    W.   BOARDMAN,   M.D. 


SAN    FRANCISCO,    CALIFORNIA 


ENTEROLITHS  are  rarely  recognized 
as  the  cause  of  occasional  acute  and 
chronic  gastrointestinal  disturbances,  until 
so  demonstrated  at  operation  or  necropsy. 
Indicative  of  their  infrequency  is  the  fact 
that  in  many  of  the  standard  works  on 
gastrointestinal  diseases,  they  receive  no 
mention,  and  in  others,  but  a  brief  note. 
Fitz  and  Williams  report  but  three  entero- 
liths in  713  cases  of  intestinal  obstruction 
due  to  extraneous  bodies,  and  Treves  but 
20  enteroliths  in  1,152  cases  of  intestinal 
obstruction  due  to  various  causes. 

Enteroliths  are  of  three  varieties.  The 
first  and  most  common  are  the  hard  entero- 
liths of  relati^•eIy  high  specific  gravity, 
usually  dark  brown  in  color,  spheric  or 
oval,  generally  smooth,  single  or  multiple, 
averaging  two  to  three  cm.  in  diameter, 
but  occasionally  reaching  23  cm.  Section 
is  apt  to  show  a  concentric  stratification 
about  a  central  organic  nucleus  of  chalk- 
like or  dirty  white  layers,  frequently 
alternating  with  others  of  a  brownish  color. 
The  composition  varies  somewhat,  but 
"usually  consists  of  carbonates  and  phos- 
phates, as  the  phosphate  of  calcium,  the 
phosphate  of  magnesium  and  ammonio- 
magnesium  phosphate.  In  addition,  they 
usually  contain  organic  substances,  includ- 
ing a  little  cholestrin  and  occasionally  other 
inorganic  salts,  as  sulphate  of  calcium." 
Second,  the  less  frequent  soft  enteroliths 
of  low  specific  gravity  and  irregular  outline 
which  are  composed  of  thickly  interlaced 
masses  of  indigestible  fibers  and  mem- 
branes, together  with  a  small  amount  of 
other  organic  and  inorganic  material.  This 
^•ariety  is  relatively  common  in  Scotland  as 
the  so-called  oat  stone  or  avenolith.  Third, 
the  very  rare  enteroliths  that  follow  the  pro- 
longed administration  of  mineral  drugs — 
calcium  carbonate,  magnesia,  iron  and 
salol. 

Enteroliths  may  originate  in  any  part  of 
the  bowel,  but  are  generally  stated  to  be 
more  frequently  found  in  the  large  bowel, 
especially  in  the  cecum. 

The  mechansim  of  the  origin  and 
development  of  the  hard  enteroliths  is  not 
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as  yet  clear,  for  although  the  bowel  ex- 
cretes inorganic  salts,  and  under  fa\-orabIe 
conditions  these  may  be  deposited  about 
some  foreign  body  nucleus,  there  is  no 
satisfactory  explanation  for  the  retention 
of  this  body  until  it  has  attained  such  size 
that  its  spontaneous  evacuation  is  difficult 
or  impossible.  In  response  to  the  long- 
continued  presence  and  gradual  enlarge- 
ment of  the  foreign  body  within  the  lumen 
of  the  bowel,  there  usually  follows  a  more 
or  less  fusiform  dilatation  of  the  involved 
section  of  bowel,  together  with  a  definite 
hypertrophy  of  the  wall.  The  enterolith 
lies  quite  free  in  the  center  of  this  dilated 
section,  but  meets  with  obstruction  at 
either  end. 

Keeping  in  mind  the  \-ery  gradual 
development  of  these  foreign  bodies  and 
the  equally  gradual  compensatory  changes 
occurring  in  the  bowel,  the  resulting  func- 
tional disturbances  are  readily  under- 
standable. For  years,  no  appreciable 
clinical  manifestations  may  appear.  In 
time,  however,  symptoms  arise  and,  as 
might  be  expected,  constipation  of  some 
degree  is  the  commonest.  Associated 
symptoms  are  loss  of  appetite,  nausea, 
belching,  vomiting,  flatulence,  abdominal 
distress  or  attacks  of  abdominal  pain, 
periodic  attacks  of  diarrhea  with  or  with- 
out evidence  of  inflammatory  reaction, 
mucus,  pus  and  blood.  These  symptoms 
vary  in  severity  from  time  to  time  and  are 
the  symptoms  of  chronic  low-grade 
intestinal  obstruction.  Rarely  after  years 
of  such  symptoms,  there  suddenly  develops 
the  typical  picture  of  an  acute  intestinal 
obstruction,  demanding  prompt  surgical 
Intervention.  More  frecjuently,  the  process 
continues  until  death  occurs  from  some 
intercurrent  condition  or  until  the  clinical 
course  becomes  so  distressing  that  surgery 
Is  resorted  to,  usually  under  a  mistaken 
diagnosis  and  frequently  with  faulty  sur- 
gical procedure,  such  as  appendectomy, 
cholecystectomy,   gastroenterostomj',   etc. 

Physical  examination  is  apt  to  be 
entirely  negative,  but  occasionally  a  tumor 
may  be  felt,  hard,  freely  movable  and,  at 
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times,  tender.  The  commonest  locations 
are  the  cecum,  sigmoid  and  rectum. 

The  routine  laboratory  investigations 
render  little  or  no  assistance,  and,  as  yet, 
x-ray  studies  have  rarely  been  of  aid  in  the 
pre-operati\e  diagnosis.  However,  if  the 
condition  be  kept  in  mind,  careful  radio- 
logic studies  should  more  frequently  be 
successful. 

From  the  reported  cases  it  is  evident 
that  some  enteroliths  are  not  of  sufficient 
density  to  be  recognized  in  the  plain 
abdominal  roentgenogram.   It  is  also  prob- 


FiG.  I.  Showing  the  shadow  cast  by  the  masses  felt  in 
L.  L.  Q.  and  in  the  pelvis. 

able  that  enteroliths  of  sufficient  density  to 
be  so  recognized  are  missed  by  not  examin- 
ing an  abdominal  roentgenogram  obtained 
before  the  administration  of  barium,  as 
especially  with  the  double-meal  technique, 
the  barium  in  the  small  bowel  may  readilv 
obscure  an  enterolith  in  the  sigmoid  or 
peUic  colon. 

With  the  routine  barium  meal,  three 
direct  findings  may  appear.  First,  a  dilated 
and  elongated  section  of  the  bowel;  second, 
a  filling  defect  resulting  from  the  \arving 
densities  of  the  enterolith  and  the  barium; 
third,  if  the  meal  be  completely  followed, 
an  intensification  of  the  shadow  cast  by 
the  enterolith  resulting  from  barium  adher- 
ing to  its  surface.  The  barium  enema 
should  demonstrate  more  conclusivclv  the 
dilatation   and  elonsiatlon  of  the  inxoUed 


section  if  in  the  colon;  it  should  also  show 
the  filling  defect  and  the  intensification  of 
the  enterolith  shadow  after  evacuation  of 
the  enema.  Pfahler  recommends  the  infla- 
tion of  the  colon  with  gas,  but  in  his  case 
it  was  of  no  assistance,  and  it  seems 
probable  that  with  a  properly  studied 
barium  meal  and  enema,  such  a  procedure 
would  be  superfluous. 

Enteroliths  in  the  small  bowel  will  give 
less  definite  findings,  the  intensification  of 
the  enterolith  shadow  from  adhering 
barium    being    the    most    likely.    Careful 


Fig.  2.  Appearance  alter  t;iving  b:i 


iruim  meal 


Study  should  disco\er  some  exidence  of 
disturbed  motor  functions,  such  as  have 
recently      been      emphasized     by      Mills. 

The  enteroliths  of  sufficient  density  to 
be  recognized  on  the  abdominal  roentgeno- 
gram can,  by  the  above  procedures, 
be  definitely  demonstrated  within  the 
intestinal  lumen  and  thereby  differentiated 
from  calcified  glands,  kidney  or  ureteral 
stones,  or  other  less  dense  bodies  such  as 
mo\abIe      kidney,      new      growths,      etc. 

Differential  diagnosis  must  be  considered 
under  three  heads.  First,  in  the  relati\'ely 
rare  cases  with  acute  intestinal  obstruction, 
early  surgical  intervention  will  be  of  greater 
importance  than  the  recognition  of  the 
exact  etiological  factor.  Screen  and  plate 
studies  of  the  abdomen  before,  during  and 
after    a    barium    enema    would    seem    to 
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promise  well  in  suitable  cases.  Second,  in 
the  cases  with  chronic  abdominal  symp- 
toms presenting  either  a  palpable  mass  or 
an  abnormal  opacity  on  the  plain  abdominal 
roentgenogram,  the  barium  meal  and 
enema  should  show  their  position  within 
the  lumen  of  the  bowel.  They  must  then  be 
differentiated  from  gall-stones,  fecal 
masses  and  foreign  bodies,  if  possible. 
Third,  in  the  cases  presenting  chronic 
gastrointestinal  symptoms,  but  without 
palpable  mass  or  evident  abnormal  opaci- 
ties on  abdominal  plates,  we  must  rely  on  a 
carefully  executed  barium  study  to  demon- 
strate the  enterolith  and  to  differentiate  it 


tory,  cutaneous,  ner\'ous  and  urinary  sys- 
tems negative.  iVIenstrual  history  irregular, 
but  otherwise  unimportant. 

Gastrointestinal  system.  Had  always  had 
trouble,  which  began  in  infancy,  with 
constipation,  \omiting  and  colic,  although 
she  was  breast-fed.  During  her  early  child- 
hood days,  constipation  was  her  constant 
complaint,  in  spite  of  persistent  treatment. 
At  the  age  of  seven  she  was  having  prac- 
tically constant  trouble  with  constipation, 
distention,  distress  after  small  amounts  of 
food,  belching,  regurgitation  and  vomiting, 
marked  and  embarrassing  borborygmus. 
She  was  underweight  and  undersized  and 


Fig.  3.  Appearance  alter  catharsis  and  colon  irrigations. 

from  the  various  other  causes  for  such 
chronic  symptoms.  The  difliculties  here 
will  frequently  be  multiplied  by  previous 
operative  procedures,  gastroenterostomies, 
etc.,  which  tend  to  center  the  attention  on 
one  part  of  the  gastrointestinal  tract. 

The  following  case  report  is  typical: 

Female,  graduate  nurse,  aged  twenty- 
seven.  Came  on  January  14,  1921,  com- 
plaining of  pain  in  the  epigastrium 
felt  through  to  the  back,  acid  regurgi- 
tation, sudden  explosive  and  profuse 
vomiting  without  nausea,  belching,  loss  of 
appetite,  diffuse  abdominal  distention, 
marked  borborygmus,  marked  flatulence, 
constipation  alternating  with  diarrhea,  and 
loss  of  weight. 

Family  History.     Unimportant. 

Past  History.  General  health  never  good. 
Usual  diseases  of  childhood.  No  recent 
acute  diseases,  other  than  a  streptococcus 
sore  throat  in   1912.  Respiratory,  circula- 


Fic.  4.  After  barium  enema. 

lost  a  great  deal  of  time  from  school. 
During  her  high-school  period,  she  would 
regurgitate  her  lunch  practicallj'  every  day 
on  the  way  back  to  school.  She  also  had 
attacks  of  marked  abdominal  distention 
with  crampy  pains,  relie\'ed  by  the  passage 
of  large  quantities  of  flatus  followed  by 
profuse  and  explosive  diarrheal  movement. 
Following  such  an  attack,  she  would  be 
relatively  free  from  distention  and 
abdominal  distress  for  several  days.  Her 
condition  continued  practically  unchanged 
until  April,  1912,  when  an  appendectoni}'^ 
was  performed,  at  which  time,  a  right-sided 
ovarian  cyst  as  large  as  an  orange  was  said 
to  have  been  felt.  Following  the  operation, 
there  was  some  amelioration  of  sj'mptoms, 
but  no  real  relief.  By  March,  1913,  all  the 
old  symptoms  were  back  with  increased 
severity.  At  this  time  it  was  customary  for 
her  to  take  soda  six  or  more  times  at  night 
and  eventually  get  relief  bj^  vomiting.  In 
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the  middle  of  1914,  the  symptoms  were 
extremely  troublesome  (she  lost  40  lbs.  in 
six  weeks)  and  finally  after  failing  to  get 
relief  with  ulcer  diet  and  hospital  attention, 
a  posterior  gastroenterostomy  was  done 
with  the  Murphy  button.  This  was  passed 
forty-nine  days  later. 

Following  the  operation,  she  was  quite 
comfortable  for  six  months,  when  symp- 
toms reappeared  with  less  severity;  her 
principal  complaints  at  this  time  being 
constipation  with  flatulence,  distention, 
regurgitation    and    attacks    of   imperative 


,i 


Fig.  5.  Photiigrapli  ol  enterolith. 

diarrhea.  During  this  period  she  was  very 
careful  about  her  diet,  more  especially  in 
regard  to  the  quantity.  In  19 17,  she  began 
her  nurse's  training  and  was  able  to 
complete  it  without  loss  of  time,  although 
never  free  from  gastrointestinal  distress. 

In  October,  1920,  after  six  months  of 
private  night  duty,  all  her  old  symptoms 
reappeared,  epigastric  sensitiveness  felt 
through  to  the  back,  recurring  attacks 
of  colicky  abdominal  pain,  belching,  acid 
regurgitation,  explosive  vomiting,  dis- 
tention, increasing  constipation  followed 
by  colicky  attacks  in  which  she  passed 
large  quantities  of  intestinal  gas,  followed 
by  sc\eral  imperati\e  liquid  stools.  After 
such  an  attack,  there  was  always  a  short 
period  of  relief. 

In  December,  1920,  she  was  placed  on 
ulcer   diet    with    Sippy    powders,    after    a 


barium  meal  stud\',  which  showed  a 
functioning  gastroenterostomy  and  an 
apparent  cap  deformity  with  tenderness, 
presumably  the  evidence  of  a  duodenal 
ulcer.  No  improvement  resulting,  patient 
entered  Stanford  Hospital  on  Jan.  14, 
192 1,  for  more  thorough  study  and 
treatment. 

Examination  at  this  time  was  negative 
except  for  diffuse  abdominal  tenderness, 
hyperchlorhydria  and  hypersecretion.  A 
second  .v-ra\'  study  showed  an  apparently 
normal  outline  for  stomach  and  cap,  except 
for  the  gastroenterostomy.  At  six  hours, 
there  was  a  very  small  amount  of  barium 
remaining  in  the  antrum  and  cap.  Head 
of  the  meal  was  in  the  ascending  colon. 
Ileum  and  cecum  appeared  normal.  At 
twenty-four  hours,  barium  was  scattered 
through  the  colon.  The  splenic  flexure  was 
high  and  filled  with  gas. 

The  history  and  findings  failing  to  con- 
iirm  a  diagnosis  of  ulcer,  ulcer  treatment 
was  discontinued  and  patient  was  put  on  a 
bland  diet — sedatives,  gastric  lavage,  etc. 
A  diarrhea  having  appeared,  patient  was 
given  liberal  doses  of  bismuth  subcarbonate 
over  several  days. 

All  therapeutic  efforts  were  proving  of 
no  avail,  when,  on  Feb.  5th,  the  patient 
noticed  a  hard,  freely  movable  tumor  about 
the  size  of  an  orange  in  the  lower  left 
quadrant  of  the  abdomen,  very  slightly 
tender  to  pressure. 

Pelvic  examination  revealed  a  large  hard 
mass  lying  behind  the  uterus  and  not 
directly  connected  with  the  mass  felt  in 
the  lower  left  quadrant.  A'-ray  examina- 
tion showed  two  masses  of  slight  density 
corresponding  to  the  above.  Barium  meal 
markedly  increased  the  density  of  these 
shadows  and  demonstrated  them  to  be  in 
the  lower  sigmoid  and  peKic  colon. 

It  was  therefore,  concluded  that  we  were 
dealing  with  a  fecal  accumulation  in  the 
peKic  colon  and  sigmoid.  Thorough  cathar- 
sis and  repeated  daily  colonic  irrigations 
brought  away  large  amounts  of  granular 
material,  so  that  after  about  ten  days,  the 
lower  pelvic  mass  had  disappeared  and 
the  upper  mass  was  considerably  smaller 
and  freely  movable.  Nevertheless,  symp- 
toms persisted  and  on  discontinuing  the 
colonic    irrigations    there    was    evidence 
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of  re-accumulation  of  tlie  material  in  the  Postoperative    course    was    uneventful; 

sigmoid  and  pelvic  colon.  practically  all  symptoms  disappeared,  and 

Further  .v-ray  study  was  undertaken  on  at    present,    patient    states    that   she    has 

Feb.  15,  1921,  and  demonstrated  a  round  regular    spontaneous    bowel    movements, 

dense   shadow   about   8    cm.    in   diameter  no  diarrhea,  no  distention,  no  regurgitation 

corresponding    to    the    tumor    mass    felt,  and   no  vomiting,   has   gained   20   lbs.   in 

Barium    enema    entered    readily    to    the  weight,  and  eats  a  regular  diet,  but  finds 

middle  of  the  sigmoid,  where  it  surrounded  that  relatively  small  amounts  satisfy  her. 

the  mass;  this  portion  of  the  sigmoid  was  The  enterolith  was  nearly  spheroid  in 

dilated.      Descending     colon     apparently  shape,    of    stony    hardness,    its    surface 

normal.  smooth,  and  it  measured  3  by  2^-4  in.  and 

On    Feb.    21,    192 1,    the    abdomen    was  weighed    45    gr.    The   sawed    surface   was 

opened   by   Dr.    F.   J.   Cowan  through  a  equally  dense  throughout,  its  central  por- 

lower  mid-line  incision.  The  pelvic  organs  tion  was  of  a  dark  greenish  color,  while  the 

were  found  normal.  Within  the  lumen   of  periphery    was    laminated    with    alternate 

the  sigmoid  there  was  a  large  hard,  round,  layers     of    dark     green     and    dirty    grey 

mass    which    could    be    displaced    freely  material. 

upward  to  a  point  about  two  inches  from  Chemical  analysis.     By  F.  A.  Cajori  of 

the  junction  of  the  sigmoid  and  descending  the   Department   of  Chemistry,    Stanford 

colon  and  downward  to  within  about  the  University: 

same  distance  from  the  rectosigmoid  junc-  P^"" 

tion.  There  was  a  fusiform  dilatation  of  the  t-        j  r      r           jit 

.  ,      .        ,                                  I              •          I     •  rat  and  tree  latty  acids  less  tluin r  ,o 

Sigmoid,  Its  largest  central  portion  being  Cholesterol ' 0.8 

about  three  times  the  normal  diameter.  Fatty  acids  from  soaps 16.8 

and    the    walls    hypertrophied.    When    the  Calculated  as  calcium  stearate 17.9 

enterolith  dropped  down  into  the  dilated 

curve  of  the  sigmoid,  it  could  be  seen  to  Analysis  of  Ash: 

exert  definite  traction  on  the  rectosigmoid 

junction.  The  mechanism  of  the  obstruc-  y(^Q ■ J^^ 

tion    could    be    easily    determined.    The  PJ^, 8.5 

enterolith  acted  as  a  ball  valve  and  as  it 

was  carried  toward  the  rectosigmoid  junc-  conclision 

tion,  it  occluded  the  lumen  of  the  bowel 

and  the  obstructive  symptoms  appeared.  i.   Enteroliths,  although   rare,  must  be 

When    it   dropped   back   into   the   dilated  kept  in  mind  in  all  chronic  gastrointestinal 

curve  of  the  sigmoid,  relief  came  with  the  cases. 

expulsion  of  gas  and  fecal  matter.  As  the  2.  Keeping  them  in  mind,  correct  pre- 

concretion  could  not  be  displaced  down-  operative  diagnosis  is  possible  by  careful 

ward    into    the    rectum,    it    was    removed  physical  and  .v-ray  studies. 

through  a  transverse  incision  in  the  upper  3.  In  all  operations  upon  obscure  gastro- 

portion     of     the     sigmoid     opposite     the  intestinal    cases,    a    thorough    exploration 

mesosigmoid.  should  precede  operative  measures. 
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''I^'HIS  paper  is  intended  as  a  preliminary 
_L  report  of  results  obtained  from  the 
treatment  with  the  x-ray  of  twelve  cases  of 
acute  inflammation  of  the  frontal  sinus 
and  antrum.  Ten  of  the  cases  were  in  the 
acute  purulent  stage,  three  of  which  were 
bordering  on  the  chronic  stage.  Two  were 
in  the  acute  catarrhal  stage. 

The  attention  of  the  writer  was  called 
to  this  subject  when  patients  were  relieved 
from  pain  in  the  forehead  for  a  time  after 
the  making  of  radiograms  for  the  diagnosis 
of  a  suspected  frontal  sinusitis. 

The  first  treatment  was  given  in  1916 
in  a  case  of  frontal  sinusitis  that  was 
steadily  getting  worse  under  the  usual 
treatment  given  by  the  rhinologist.  The 
anterior  end  of  the  middle  turbinate  had 
been  removed  and  good  drainage  obtained. 
For  ten  days  the  patient  complained  of 
more  pain  each  time  she  came  to  the  office 
and  there  was  no  cessation  of  the  drainage 
of  pus.  At  this  stage  a  two-minute  treat- 
ment was  given  directly  over  the  frontal 
sinus  using  6i2-i'i-  spark-gap,  5  ma., 
3  mm.  of  aluminum  and  8-in.  distance. 
For  twelve  hours  the  pain  increased,  and 
the  following  day  the  drainage  tract  was 
sponged  out  with  adrenalin  and  cocain. 
The  second  day  the  discharge  was  less  and 
the  pain  had  disappeared.  A  day  later 
another  .v-ray  treatment  was  given  for 
a  mmutc  and  within  the  next  five  days  all 
discharge  stopped  and  has  never  returned. 
Up  to  this  time  the  patient  has  had 
no  further  sinusitis.  A  re-examination  in 
1919,  and  another  in  July,  1922,  show  a 
greatly  increased  density  of  the  sinus  in 
question. 

This  permanent  change  will  be  discussed 
while    considering    the    pathology    of   the 


condition. 

Cases  number  X  and  XI  will  be  given 
at  this  time,  and  short  reports  of  the 
remaining  cases  with  the  lantern  slides. 
These  two  cases  appear  to  border  on  the 
chronic  stage  of  sinusitis. 
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Case  number  X  is  an  attorney.  In 
January  this  year  he  had  the  flu.  A  persist- 
ent nasal  discharge  kept  up  until  April 
when  he  consulted  a  nose  and  throat 
specialist.  The  Intranasal  examination 
revealed  an  infected  left  antrum,  which 
was  punctured  and  Irrigated.  During  April, 
May  and  June  the  antrum  was  irrigated 
25  times.  On  July  ist  his  physician  went 
on  a  vacation.  On  July  5th  the  patient 
came  to  our  office  for  examination  and 
advice  because  of  great  pain  and  discom- 
fort. The  .v-ray  films  revealed  both  frontals 
involved  as  well  as  the  left  antrum.  He  was 
given  a  two-minute  treatment  through 
the  frontals  from  the  left  lateral  position 
and  the  same  treatment  through  the  left 
antrum.  Two  days  later  he  declared  that 
all  his  discomfort  and  confusion  had 
stopped  within  a  half-hour  after  the  treat- 
ment. The  second  treatment  was  then 
given  directly  over  the  anterior  surface  of 
the  sinuses  involved.  Within  a  week  all 
discharge  had  stopped  and  the  patient 
said  he  felt  better  than  at  any  time  for 
six  months,  which  dated  back  to  the  flu 
infection  In  January.  He  has  continued  to 
improve  and  up  to  this  time  has  shown  no 
iurther  signs  of  sinusitis. 

Case  number  XI  is  a  manufacturer, 
aged  59.  He  has  had  for  two  years  a  con- 
stant watery  discharge  from  the  nose 
accompanied  by  frequent  sneezing,  due 
to  an  irritating  dust  in  his  manufacturing 
plant.  He  would  require  a  dozen  handker- 
chiefs during  the  day  and  nearly  as  many 
at  night.  In  January,  1922,  the  discharge 
became  yellow,  and  by  April  he  began  to 
have  pain  over  the  right  eye  and  In  the 
right  antrum.  He  then  went  to  a  nose  and 
throat  specialist  and  only  the  antrum  was 
treated.  It  was  punctured  and  Irrigated 
eight  times  during  a  period  of  fi\e  weeks, 
with  no  impro\ement.  On  July  iith  he 
came  In  for  examination.  The  .v-ray  films 
showed  a  marked  cloudiness  of  the  right 

sinus.  An  .v-ray 

Sept.  12-16,  1922. 


antrum  and  right  frontal 
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treatment  was  given  the  same  day  and 
again  in  two  days.  He  has  required  se\en 
x-ray  treatments  and  no  further  irriga- 
tions to  clear  up  his  symptoms.  Estivin 
was  used  to  help  check  the  profuse  secre- 
tions, which  would  begin  as  soon  as  he 
would  read  for  a  few  minutes. 

Now  let  us  consider  the  etiology  of 
acute  purulent  sinusitis.  According  to 
Ballenger,  Phillips  and  Skillern,  infection 
of  the  antrum  may  be  due  to: 

I.  Direct  extension  from  the  nasal  mu- 
cosa, as  in  coryza. 


taminated  overlying  sinus,  and  the  infected 
alveolus. 

PATHOLOGY 

"The  first  pathological  changes  that  oc- 
cur in  acute  purulent  sinusitis  are  chiefly 
confined  to  the  lining  mucosa  which 
becomes  inflamed,  swollen  and  edematous. 
In  other  words,  only  the  superficial  layers 
of  the  mucosa  are  in\'oK'ed  in  the  acute 
purulent  condition,  while  in  the  chronic 
disease  all  the  la  vers  of  the  mucosa  undergo 


/ 


Fig.  I.  Case  1.  July  31,  1922.  Right  frontal  sinusitis.       Fig.  2.  Case  I.  Aug.  23,  1916.  Right  frontal  sinusitis. 


2.  Infectious  diseases,  particularly  in- 
fluenza. 

3.  From  the  alveolus.  About  20  per  cent 
of  the  cases  of  maxillary  sinusitis  are 
thought  to  originate  from  an  infected  tooth. 

4.  Through  contamination  from  an  o\er- 
lying  sinus,  such  as  the  frontal  or  anterior 
ethmoid  cells. 

5.  Foreign  bodies. 

6.  Traumatism. 

7.  Osteomyelitis,  syphilis,  tuberculosis 
and  malignant  tumors.  All  the  cases  in  this 
series  come  under  the  first  two  headings, 
namely,  coryza  or  influenza,  which  are  the 
most  frequent  causes  of  sinusitis. 

Infection  of  the  frontal  sinus  occurs 
much  the  same  as  infection  of  the  antrum, 
with    two    exceptions,    namely,    the    con- 


pathological  changes.  Serum  and  leucocytes 
escape  through  the  epithelial  covering  of 
the  mucosa,  where  they  mix  with  bacteria, 
epithelial  debris  and  mucus.  The  secretions, 
at  first  thin  and  watery,  become  thick 
and  tenacious  and  as  the  purulent  stage 
progresses  the  leucocytes  are  thrown  out  in 
immense  numbers.  Unless  the  process  is 
speedily  arrested  the  tissue  changes  become 
permanent  and  a  chronic  sinusitis  is 
established." 

So  much  for  the  etiology  and  pathology. 
The  question  remains:  What  occurred  when 
the  x-ray  was  applied  to  the  cases  of  puru- 
lent sinusitis  to  cause  a  complete  cessation 
of  all  the  symptoms  and  drainage  of  pus 
within  three  days  to  three  weeks,  where 
with  drainage  and  irrigation  no  improve- 
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ment    had    taken    place    in    one    to    three 
months? 

Perhaps  it  is  too  early  to  say  that  the 
application  of  the  x-ray  cured  the  sinusitis. 
At  least  it  seems  fair  to  state  that  the  appli- 
cation of  the  x-ray  was  coincident  with  the 
relief  of  the  symptoms  and  the  cessation  of 
pus  in  all  the  cases.  One  case  has  remained 
well  for  six  years.  The  other  cases  are  well 
at  this  time  and  their  condition  will  be 
examined  from  time  to  time  and  reported 
later. 


Fig.  3.  Case  X.  July  j,  1922.  Both  frontals  and  antrum. 

The  thought  of  the  writer  is  that  rapid 
or  forced  resolution  of  the  inflammatory 
process  takes  place;  the  leucocytes  no 
longer  escape  and  even  the  secretion  of 
mucus  ceases  for  a  time.  The  mucosa, 
however,  does  not  return  to  normal, 
but  remains  thickened,  as  evidenced  by 
Case  I,  where  the  cloudiness  has  remained 
for  six  years  after  the  cure  of  the  sinusitis. 

Chronic  suppurative  sinusitis  with 
granulations,  polypi  or  necrosis  of  the  bone 
is  the  end  result  of  the  acute  condition 
which  every  method  of  treatment  seeks 
to  avoid.  The  x-ray  olTers  a  method  of 
preventing  the  acute  catarrhal  condition 
from  becoming  purulent  and  the  acute 
jjurulent  sinusitis  Irom  becoming  chronic. 


Two  warnings  must  be  gi\en  in  the 
application  of  the  x-ray  to  a  purulent 
sinusitis.  First,  the  eyes  must  be  protected 
from  the  ray,  or  dimness  of  \'ision  may 
result.  Second,  the  chronic  condition  should 
not  be  treated  with  the  x-ray,  for  no  result 
can  be  expected  where  polypi  have  formed 
or  necrosis  of  bone  is  present.  Again,  if 
there  is  pent-up  pus,  septicemia  may  result. 

CASE  REPORTS 

Case  II.  Male.  Jan.  21,  1922.  Patient  caught 
cold  Dec.  27,  1 92 1.  All  the  upper  air  passages 
became  inflamed  and  a  frontal  sinusitis  devel- 


FiG.  4.  Case  XI.  July  11,  n)22.  Riirlit  frontal  and  right 
antrum. 

oped  eleven  days  later.  Daily  intranasal  treat- 
ment of  argyrol  was  gi\en  and  free  drainage  was 
maintained  by  the  aid  of  adrenalin  and  a  mild 
cocain  application.  On  account  of  a  bronchitis 
the  patient  could  not  get  to  our  tjfTice  for  an 
x-ray  treatment  for  two  weeks  after  the  begin- 
ning of  the  sinus  infection.  After  one  treat- 
ment the  pain  and  tenderness  began  to  disap- 
pear. \\ithm  one  week  the  discharge  stopped. 
Incidentally  the  patient  was  cured  of  a  chronic 
catarrhal  condition,  of  which  he  had  com- 
plained for  a  year. 

Case  III.  Female.  Fci>.  i,  1922.  Intranasal 
examination  revealed  pus  coming  from  the 
right  antrum.  The  patient  had  had  a  yellowish 
nasal  discharge  for  two  months.  The  x-ray  film 
revealed  definite  cloudiness  of  both  frontals 
as  well  as  the  right  antrum.  Four  treatments 
were  given  at  four-dav  intervals.  The  discharge 
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lessened  anti  linallx  disappeared  in  about  four 
weeks. 

Case  IV.  Male.  March  13,  1922.  This  pa- 
tient came  in  for  relief  of  pain  over  the  eyes.  The 
.\-ray  him  showed  an  increased  density  of  the 
left  antrum.  Intranasal  examination  revealed 
only  a  white  mucous  discharge.  However,  a 
one-minute  treatment  was  given  and  prompt 
relief  from  pam  followed  within  a  half-hour. 
Pus  appeared  the  next  day  and  lasted  only 
twenty-four  hours.  No  further  treatment  was 
given.  This  case  should  he  regarded  as  having 
received  the  .\'-ray  treatment  during  the  acute 
catarrhal  stage. 

Case  V.  Female.  March  17,  1922.  The 
patient  complained  of  pain  over  the  left  eye, 
of  one  week's  duration.  Intranasal  examination 
revealed  considerable  pus  in  the  left  nostril. 
The  .v-ray  him  showed  slight  cloudiness  of  the 
left  frontal  and  marked  cloudiness  of  the  left 
antrum.  Two  .v-ray  treatments  were  given,  a 
week  apart.  All  symptoms  and  discharge  had 
disappeared  at  the  end  of  two  weeks.  Four 
months  later  a  re-examination  was  made.  All 
trace  of  the  frontal  sinusitis  had  disappeared  on 
the  x-ray  film.  However,  the  cloudiness  of  the 
antrum  had  increased. 

Case  VI.  Female.  March  21,  1922.  Intra- 
nasal examination  revealed  pus  pouring  out 
over  the  left  inferior  turbinate.  The  .v-ray  film 
showed  that  only  the  left  antrum  was  involved. 
Only  two  -V-ray  treatments  were  given  this 
patient.  All  symptoms  and  the  discharge 
disappeared  within  ten  days.  This  patient  had 
had  symptoms  of  a  sinusitis  for  only  two  weeks. 

Case  VII.  Male.  March  28,  1922.  The  pa- 
tient complained  of  pain  in  the  region  of  the  left 
antrum  following  an  acute  coryza.  Intranasal 
examination  revealed  pus  coming  from  the 
antrum.  The  usual  intranasal  applications  and 
anodynes  were  given  for  two  days.  As  soon  as 
the  patient  could  come  to  the  office,  the  .v-ray 
examination  was  made  and  the  left  antrum  was 
found  to  be  the  onlv  sinus  involved.  Two  .v-rav 


treatments  were  given,  three  days  apart,  with 
relief  of  all  symptoms  and  the  discharge  within 
one  week. 

Case  VI 1 1 .  Male.  April  4,  1 922.  This  patient 
had  been  ill  for  four  months  as  the  result  of 
the  flu  in  December,  192 1 .  After  his  pneumonia 
cleared  up  in  January  he  complained  of  pain 
in  both  antra  and  a  greatly  increased  nasal 
discharge.  A-ray  films  made  in  April  showed 
marked  infection  of  both  the  right  and  the  left 
antrum.  This  patient  received  two  .v-ray 
treatments  a  week  apart,  all  his  nasal  discharge 
disappeared  within  two  weeks  from  the  first 
treatment,  and  he  returned  to  work  a  week 
later.  No  irrigations  had  been  given  either 
antrum.  In  the  writer's  opinion,  this  case 
would  soon  have  resulted  in  a  chronic  sinusitis. 

Case  IX.  Female.  June  8,  1922.  The  patient 
had  the  flu  in  January,  1922,  and  gave  a 
history  of  repeated  "colds  in  the  head"  for 
five  months.  About  June  ist  a  severe  pain 
began  over  the  right  eye  and  in  the  right  cheek 
and  temple.  On  June  8,  1922,  the  x-ray  films 
revealed  a  marked  cloudiness  of  the  right 
antrum.  An  .v-ray  treatment  was  given  the 
same  day  and  repeated  three  days  later.  Twa 
other  treatments  were  given  at  weekly  intervals. 
It  took  about  three  weeks  from  the  first  treat- 
ment   for    all    the    discharge    to    disappear. 

Case  XII.  Female.  July  24,  1922.  The 
patient  caught  cold  about  July  loth,  and  in  less 
than  ten  days  began  to  complain  of  severe 
pain  over  the  left  eye.  Upon  intranasal  exami- 
nation, July  24th,  free  pus  was  seen  coming 
down  from  the  left  frontal.  Roentgenograms 
were  made  and  definite  cloudiness  was  seen  in 
both  frontals,  left  ethmoid  and  left  antrum. 
A  two-minute  treatment  was  given  the  frontal 
sinus  from  the  lateral  position.  Two  days  later 
it  was  treated  anteriorly.  The  left  antrum  was 
also  treated  at  this  time.  Marked  relief  was 
given  bj'  the  first  treatment,  for  twelve  hours, 
and  complete  relief  by  the  second  treatment. 
All  drainage  ceased  within  five  davs. 


THE  ROENTGEN  THERAPY  OF  TINNITUS  AURIUM* 


BY   LYELL  CARY'   KINNEY,   M.D. 


SAN    DIEGO.    CALIFORNIA 


'"piNNITUS  is  the  most  distressing  symp- 
_L  torn  in  ear  pathology.  It  is  the  chief 
complaint  of  the  ear  cases  referred  for 
roentgen  therapy,  and  the  control  of  this 
symptom  is  the  index  of  success  or  failure. 

Serious  roentgen  therapy  of  ear  con- 
ditions during  the  past  seventeen  years  in 
the  European  clinics  has  not  yielded 
encouraging  results.  The  first  work  in 
.v-ray  therapy  is  by  Joulin  in  1908,  who 
reported  10  cases  of  otosclerosis  treated  by 
small  weekly  doses  of  x-ray,  6  of  which 
showed  improvement  of  the  tinnitus  and 
some  improvement  in  voice  perception, 
but  there  was  no  improvement  to  objective 
tests.  Ortloff,  in  19 13,  reported  10  cases  in 
which  he  found  that  the  slight  improve- 
ment was  invariably  followed  by  a  return 
of  the  tinnitus  and  deafness.  Siebenman, 
of  Bale,  has  experimented  for  nine  years 
with  roentgen  therapy  in  otosclerosis  and 
concludes:  "The  results  are  only  to  a 
small     degree     positively     encouraging." 

Two  years  ago,  the  subject  was  revived 
by  Dr.  C.  F.  Stokes  who  reported  astonish- 
ingly good  results  from  "electronizing  the 
pituitary  auditory  region"  with  minute 
doses  of  x-rays. 

Exaggerated  rumors  of  such  results  ha\e 
come  to  the  West  and  our  otologists  are 
asking  for  the  cooperation  of  the 
roentgenologist  in  the  treatment  of 
tinnitus  aurium. 

Persistent  tinnitus  is  usually  the  symp- 
tom of  organic  pathology.  It  may  come  as 
the  result  of  a  neuritis  of  the  eighth  cranial 
nerve,  tuberculosis,  suppurative  otitis 
media  or  disease  of  the  labyrinth.  Most 
frequently  it  is  a  symptom  of  otosclerosis 
or  chronic  otitis  media,  and  the  treatment 
of  tinnitus  means  an  attack  upon  one  of 
these  two  types  of  pathology. 

The  cause  of  otosclerosis  has  been 
assigned  to  the  whole  list  of  faulty  metab- 
olism, heredity  and  infection.  It  is  proba- 
bly not  of  endocrine  origin,  for  the  disease 
occurs  in  healthy  indi\  iduals  who  show  no 
other  symptoms  ol  glandular  |)athology. 
hand,  patients  sullcrini. 


On  the  other  nana,  patients  suiicnng  iroin 
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glandular  deficiencies  such  as  acromegaly, 
Addison's  disease  or  hypothyroidism  show 
no  tendency  toward  otosclerosis.  Whatever 
the  cause,  the  pathology  of  otosclerosis 
consists  in  changes  in  the  bony  capsule  of 
the  internal  ear.  There  is  absorption  of  the 
normal  bone  in  front  of  the  oval  window 
which  starts  around  the  capillaries  of  the 
Haversian  canals  accompanied  by 
increased  vascularity  and  o\ergrowth  of 
the  cartilage  cells.  The  absorption  is 
followed  by  fibrosis  or  the  deposit  of  a 
typical  loosely  trabeculated  bone.  Exos- 
toses and  bone  deposits  occur  around  the 
foot  of  the  stapes,  resulting  in  a  true 
ankylosis.  Later  there  are  areas  of  osteitis 
throughout  the  bony  capsule  of  the  cochlea, 
followed  by  nerve  degeneration.  \\'hether 
these  bony  changes  are  trophic  or 
inflammatory,  they  closely  resemble  the 
bone  pathology  in  hypertrophic  osteo- 
arthritis. The  progress  of  the  disease  is 
insidious  and  the  symptoms  of  tinnitus 
and  deafening  are  rarely  noticed  until 
there  are  advanced  bony  deposits  around 
the  articulation  of  the  stapes. 

With  this  pathology  in  mind  there  are 
only  two  things  that  can  be  expected  from 
radiation:  control  of  the  capillary  conges- 
tion and  checking  of  the  cartilago-cell 
proliferation.  In  other  words,  the  most 
that  can  be  accomplished  is  arrest  in  that 
stage  of  bony  deformity  to  which  the  case 
has  arrived.  Thus  any  treatment  of  the  tin- 
nitus resulting  from  otosclerosis  offers  very 
little. 

I  have  had  one  case  where  .v-ray 
treatment  has  relie\ed  the  tinnitus  and 
there  has  been  impro\ement  in  the  deafen- 
ing. My  other  cases  were  absolutely  not 
influenced  by  x-ray.  Fortunately,  oto- 
sclerosis is  rare. 

Tinnitus  is  usually  a  symptom  of  a 
chronic  inllammation  of  the  middle  ear 
and  Eustachian  tube  with  the  source  of 
pathology  in  the  nasal  pharynx. 

The  lower  half  of  the  Eustachian  tube  is 
surrounded  by  a  cylindrical  la\er  ot  ade- 
noid tissue  and  the  mucosa  of  the  pharyn- 

6,  1923. 
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geal  orifice  is  padded  with  cushions  of 
adenoid  cells.  This  adenoid  tissue  is 
subject  to  the  same  infection  and  hyper- 
trophy as  that  in  the  pharynx,  and  such 
infection  will  result  in  a  mechanical 
obstruction  within  the  tube.  The  outlet  of 
the  tube  may  be  obstructed  by  adenoids 
or  polypoid  turbinates.  Any  obstruction 
or  inflammation  in  the  pharynx  will  result 
in  altered  air  tension  and  infection  in  the 
middle  ear  with  the  resulting  symptoms 
of  tinnitus  and  deafening. 

The  treatment  of  this  type  of  tinnitus 
and  deafness  consists  in  the  removal  of 
the  pathology  in  the  pharynx  and  the 
restoring  of  normal  aeration  and  drainage 
to  the  middle  ear.  It  has  been  proven 
that  the  .\-ray  will  play  a  definite  part  in 
removing  certain  of  these  causes.  The 
adenoid  tissue  in  the  pharynx  can  be 
controlled  by  .v-ray.  The  swollen  adenoid 
layer  of  the  Eustachian  tube  and  the 
adenoid  collar  at  its  outlet  can  be  elimi- 
nated by  x-ray.  The  latent  infection  in  the 
middle  ear  and  pharynx  can,  in  some  cases, 
be  destroyed.  Capillary  engorgement  and 
early  fibrosis  in  the  middle  ear  can  be 
lessened.  All  these  are  factors  influencing 
tension,  irritation  and  fixation  in  the 
middle  ear.  It  is  therefore  logical  to  expect 
improvement  in  chronic  otitis  media  and 
the  resulting  tinnitus  from  .x-ray  treat- 
ments. But  here,  as  in  otosclerosis,  no 
change  can  be  expected  in  terminal  pathol- 
ogy, such  as  dense  adhesions,  bony 
changes  in  the  ossicles  or  resulting  degen- 
eration of  the  labyrinth. 

Realizing  that  any  permanent  relief 
must  come  from  changes  in  pathological 
anatomy  and  not  from  endocrine  stmiula- 
tion,  I  have  given  a  reasonable  quantity 
of  radiation.  The  dose  has  been  small,  but 
calculated  to  deliver  approximately  one- 
half  of  an  erythema  to  both  ears  in  one 
month.  I  have  used  135  kv.,  5  ma.,  filtered 
through  6.0  mm.  of  aluminum  at  60.0  cm. 
distance  through  a  portal  5.0  cm.  in  diam- 
eter. The  exposures  have  been  two 
minutes  on  each  side  daily  for  eight  doses 
with  a  weekly  inter\al  of  rest.  The  average 


case  receives  three  such  series,  when,  if 
there  is  no  relief,  the  treatment  is  aban- 
doned. If  there  is  appreciable  impro\e- 
ment,  treatment  is  continued  at  monthly 
intervals. 

Practically  all  the  patients  complained 
of  increased  tinnitus  and  rhinitis,  and  some 
of  dizziness  for  the  first  three  or  four 
treatments.  If  there  is  going  to  be  an 
improvement  in  the  tinnitus,  it  will  usu- 
ally begin  at  the  end  of  the  first  week. 

This  technique  has  been  followed 
through  a  series  of  14  cases  of  tinnitus 
from  chronic  otitis  media,  because  of 
definite  requests  from  our  otologists  for 
"minute  frequent  doses."  In  40  per  cent  of 
these  cases,  we  have  found  permanent 
decrease  in  the  tinnitus  and  marked  im- 
provement in  the  hearing  to  objective  tests. 

In  conclusion:  The  suffering  from  tinni- 
tus is  most  distressing  and  some  cases 
obtain  definite  relief  from  .v-ray  therapy. 
When  tinnitus  is  the  symptom  of  otosclero- 
sis, the  most  that  can  be  hoped  for  is  to 
prevent  its  increase,  and  then  only  in  the 
earlv  cases.  When  tinnitus  is  a  symptom  of 
chronic  otitis  media,  improvement  may 
be  expected  from  roentgen  therapy  in 
some  cases.  Such  improvement  is  due  to 
the  known  anatomical  changes  produced 
by  the  -V-ray,  and- there  is  no  reason  to 
attribute  it  to  endocrine  stimulation. 

The  x-ray  should  be  considered  only  as 
one  of  the  necessary  factors  in  clearing 
up  the  infection  and  obstruction  in  the 
pharynx,  Eustachian  tube  and  middle  ear. 

I  want  to  thank  Dr.  Andrew  Wessels 
of  San  Diego  for  his  earnest  cooperation 
in  this  work. 
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DISCUSSION  ON  PAPERS  OF  DRS.  McCOY, 
OSMOND  AND  KINNEY* 


Dr.  Hickey.  Tile  reading  oi  medical 
history  is  iaotii  interesting  and  instructive. 
From  it  one  gains  the  ideas  of  different  types 
of  treatment  which  come  and  last  for  a  siiort 
time  and  then  fade  away.  The  lesson  to  be 
learned  is  that  new  lines  of  treatment  should 
always  be  viewed  conservatively. 

I  hope  Dr.  Osmond  will  pardon  nie  if  I 
discuss  his  paper  frankly.  Personally  it  does 
not  seem  to  me  to  prove  the  point  which  he 
endeavors  to  bring  out.  For  many  years  I 
was  engaged  in  nose  and  throat  work  and  one 
of  the  things  that  I  well  remember  is  the 
remarkable  way  m  which  many  cases  of  sinus 
trouble  wciuld  get  well  without  any  very  special 
line  ot  treattiient.  A  great  majority  of  the  cases 
of  acute  sinusitis  tended  to  spontaneous 
recovery. 

In  considering  the  .v-ray  treatment  of 
sinusitis  we  feel  that  we  must  approach  the 
subject  with  a  good  deal  of  conservatism  in 
view  of  what  we  know  about  natural  tendency 
to  get  well  through  the  curative  powers  of 
nature.  The  exceptions  to  this  rule  are  where 
the  infection  comes  from  the  alveolar  process. 
While  the  report  of  Dr.  Osmond  is  very  en- 
couraging and  stimulates  us  to  further  observa- 
tion, still  I  do  not  feel  that  we  should  go  away 
from  the  meeting  with  the  idea  that  his  paper 
is  any  more  than  a  preliminary  report. 

In  regard  to  the  treatment  of  defective 
hearing,  I  am  very  glad  to  state  that  the 
paper  of  Dr.  Kinney  has  crystallized  some 
ideas  on  the  question  which  is  so  popular  at 
the  present  time.  The  treatment  of  defective 
hearing  with  .v-ray  seems  to  be  one  of  the 
favorite  indoor  sports  of  roentgenologists  at 
the  present  time.  It  must  be  confessed, 
however,  that  it  is  very  difficult  to  classify 
the  results  we  are  getting,  inasmuch  as  we  are 
dealing  with  a  class  of  patients  who  are  very 
anxious  to  recover  and  who  watch  their  own 
symptoms  very  minutely.  When  the  president 
asked  me  to  discuss  this  paper,  I  had  treated 
at  the  time  some  three  or  four  cases  with  the 
so-called  Stokes  method.  I  had  obtained  no 
definite  results.  1  tiien  went  over  to  the  Oto- 
logic Department  of  the  University  of  Michigan 
and  asked  them  to  send  over  some  of  their 
cases  of  defective  hearing.  We  treated  a  numl^er 
of  cases  according  to  the  advised  technique  and 
found  when  they  were  re-examined  by  the 
Otologic  Department  that  there  was  no 
benelit  derixed.  An  interesting  feature,  how- 


ever, was  that  certain  of  the  patients  seemed 
to  think  they  were  some  better. 

An  interesting  observation  was  that  we 
placed  some  plates  against  the  head  at  the 
time  of  treatment  and  found  that  the  amount 
of  ray  which  went  through  the  skull  was 
scarcely  enough  to  produce  any  perceptible 
shadow^  upon  the  plates.  Certainly  the  quantity 
of  ray  which  the  intracranial  tissues  received 
was  very  small. 

The  type  of  treatment  which  Dr.  Kinney 
describes  is,  we  think,  quite  rational  and  marks 
a  distinct  advance  in  the  treatment  of 
defective  hearing. 

Dr.  Law.  I  do  not  know  why  I  am  to 
discuss  this,  because  as  you  all  know,  I  fight 
shy  of  treatments.  The  only  thing  I  can  say 
is  regarding  this  Stokes  treatment. 

I  heard  about  Stokes  treatment  and  was 
asked  to  go  up  and  investigate  it.  I  know  very 
little  about  dosage  except  what  I  have  heard. 
It  hardly  seems  possible  to  me  that  a  4-in.  gap, 
30-in.  distance,  5  ma.  for  20  odd  seconds  would 
do  much  good.  However,  it  was  worth  the 
trial,  because  certainly  the  A"-ray  does  queer 
things,  and  no  doubt  there  are  things  we  know 
nothing  about  so  far.  We  cannot  condemn 
any  use  of  the  .v-ray  until  it  is  thoroughly 
investigated. 

Dr.  Stokes  gave  us  the  privilege  of  sending  in 
a  number  of  cases  at  any  time  when  we  cared 
to.  Cases  were  sent  up  there  and  strangely, 
every  one  of  those  patients  said  they  heard 
better,  that  is,  the  sounds  seemed  clearer.  Then 
they  were  tested,  as  they  are  always  tested, 
and  with  the  exception  of  the  voice  test  there 
was  no  difference.  It  is  pretty  difficult  to  make 
the  voice  give  the  same  density  twice  in  succes- 
sion, especially  when  you  are  anxious  that  the 
patient  should  hear  better.  Then  we  tested 
them  under  the  best  known  scientific  methods, 
sent  them  up  for  treatment,  and  re-tested  them 
without  any  change  in  the  ultimate  results. 
That  was  not  quite  suflicicnt,  so  the  said  cases 
were  treated  elsewhere,  and  there  was  no  change, 
hence,  there  may  be  a  certain  psychological 
element  there.  However,  we  should  not  con- 
demn the  thing  until  you,  who  understand 
those  things  and  understand  the  technique, 
have  thoroughly  investigated  it.  Personally, 
I  am  not  in  a  position  to  do  it. 

Dr.  Kinney's  work  is  well  worth  thorough 
investigation.  I  am  sure  that  when  I  get  back 
to  New  \'ork,  we  will  see  what  we  can  do  with 
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some  of  these  obstinate  cases.  As  Dr.  Hickey 
said,  all  acute  cases  have  a  tendency  to  recover 
for  a  few  days  at  a  time. 

I  am  sorry  Dr.  Osmond  showed  plates  which 
in  the  second  examination  were  not  the  same 
as  in  the  first.  In  none  of  them  did  I  notice  a 
tendency  to  mucli  illumination.  It  is  well  worth 
trial  because  we  know  that  in  many  cases 
going  for  .v-ray  examination  of  the  sinuses  or 
mastoid,  the  patient  is  relieved  and  sometimes 
the  discharge  increases  for  a  time  and  suddenly 
decreases.  Now  we  know  there  is  an  electro- 
static field  encircling  the  patient  and  this 
does  help  so  far  as  certain  thmgs  are  concerned. 
All  these  things  are  new  and  I  think  instead 
of  condemning  them  we  should  try  them,  but 
with  hundreds  of  cases  rather  than  with  a  few 
cases. 

Dr.  Remer.  It  seems  that  the  natural 
tendency  in  a  new  field  is  condemnation. 
While  I  do  believe,  on  the  other  hand,  that 
it  requires  a  certain  amount  of  definite  and 
long-continued  work  to  bring  out  definite 
ideas  and  results,  at  the  same  time,  I  do  not 
think  wc  should  be  too  prompt  to  condemn. 

I  do  feel  in  regard  to  Dr.  Stokes' work,  that 
the  amount  of  rays  used,  the  way  in  which  they 
were  used,  and  the  amount  of  dosage  obtained 
could  scarcely  result  m  any  advantage.  In 
Dr.  Kinney's  work  there  is,  as  Dr.  Law  said, 
a  definite  pathological  condition.  Further,  I 
believe  that  in  our  work  the  cases  must  be 
selected  to  obtain  results:  then  where  you  have 
an  active  inflammatory  pathological  condition, 
with  a  sub-acute  indammatory  condition,  you 
are  apt  to  get  results.  The  .v-ray  will  have  no 
influence  on  a  negative  result.  In  most  of  the 
cases  of  tonsils  treated,  you  find  adenoid 
tissue  and  lymphoid  tissue.  You  also  find  a 
certain  amount  of  inflammatory  condition 
surrounding  the  Eustachian  tubes.  Dr.  Kinney 
states  that  he  uses  the  method  which  is  recog- 
nized. In  that  way  you  do  get  a  definite  result 
of  the  pathological  condition  surrounding  the 
Eustachian  tubes.  Where  there  is  that  condition 
you  undoubtedly  have  tinnitus.  By  relieving 
the  condition,  you  open  up  the  pocket,  and  in 
that  way,  get  relief  of  the  tinnitus.  Your  end 
results  are  not  obtained  by  changing  the  ana- 
tomical condition,  but  by  changing  the  patho- 
logical condition. 

In  regard  to  treatment  of  sinuses  I  ha\-e  had 
no  experience,  and  with  Dr.  Law,  I  am  rather 
inclined  to  be  skeptical;  yet  I  do  not  think  we 
should  be  too  quick  to  condemn.  However, 
we  must  have  a  larger  number  of  cases  than 
have  been  reported  to  accept  it. 

Dr.  Stewart.  Last  winter  I  had  the 
privilege  of  hearing  Dr.  Stokes,  and  as  I  had  not 
had   any   experience,    I    could    not   say   much 


except  with  reference  to  the  dose  indicated. 
I  said  that  I  did  not  believe  a  sufficient  amount 
of  .v-ray  was  given  possibly  to  benefit  these 
patients,  and  I  thought  that  probably  the 
effect  was  entirely  psychological.  Stokes' 
response  was  that  a  great  many  had  stated  the 
same  thing,  but  he  considered  2,000  cases 
sufficient  to  overcome  that  argument  on 
psychology. 

Dr.  Lewald.  I  have  some  definite  evidence 
along  this  line,  i.e.,  a  more  delicate  mstrument 
for  testing  the  hearing  has  been  evolved  in  the 
last  few  years — the  Fowler  Audiometer.  This 
gives  much  more  accurate  intensity  and  fre- 
quency measurement  than  any  instrument 
heretofore  devised. 

Dr.  Edmund  P.  Fowler,  otologist,  has  tested 
ears  before  and  after  treatment  by  Stokes, 
and  he  told  me  very  definitely  that  he  could 
detect  no  impro\ement  in  the  hearing  of 
patients,  although  Stokes  was  reported  to  have 
assured  them  they  were  greatly  benefited  or 
cured  of  their  deafness,  and  the  patients  them- 
selves temporarily  imagined  this  to  be  true. 

Dr.  Kinney  (closing  discussion).  Last  year 
Dr.  Webster  published  a  description  of  two 
cases  of  otosclerosis  that  he  believed  had  been 
arrested.  Immediately  Dr.  Barclay  called 
him  to  task  for  it,  maintaining  that  it  was 
untimely  and  aroused  unwarranted  hopes. 
I  thought  the  same  thing  when  we  began  to 
hear  about  the  treatment  of  ear  conditions 
from  the  East.  We  are  approaching  our  cases 
in  just  that  way,  trying  to  discourage  any 
psychic  element.  W'e  tell  them  we  do  not  expect 
any  relief  from  the  deafness  but  will  try  to 
help  tlieir  head  noises. 

I  do  not  want  you  to  go  away  from  this 
meeting  thinking  that  I  am  suggesting  any- 
thing else  than  helping  the  tinnitus  in  some 
cases,  and  in  these  cases  attacking  a  definite 
pathological  condition.  Of  course  the  results 
in  a  small  series  prove  nothing.  This  series 
was  presented  simply  to  start  a  discussion  to 
see  what  you  gentlemen  were  thinking  along 
this  line.  It  is  an  effort  to  obtain  a  rational 
basis  for  the  relief  in  some  of  these  people  wlu) 
are  improving.  I  do  not  believe  that  the  relief 
comes  from  electronizing  the  pituitary,  but 
that  what  improvement  occurs  comes  from 
known  demonstrable  changes  in  pathological 
anatomy. 

Dr.  Osmond  (closing  discussion).  My  pur- 
pose in  presenting  this  paper  before  the  Society 
is  to  get  you  to  use  this  method  in  some  sinus 
cases.  My  series  is  not  large;  however,  I  am 
firmly  convinced  of  the  value  in  this  method 
of  treatment.  If  each  one  of  you  will  use  the 
method  on  a  small  series  of  cases,  a  more 
convincing  conclusion  for  you  can  be  formed 
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from  the  total  number.  Choose  your  cases. 
I  realize  that  a  great  many  acute  sinuses 
will  get  well  of  their  own  accord.  On  the  other 
hand,  we  know  that  some  do  not.  If  we  can 
prevent  an  acute  sinus  from  becoming  chronic, 
it  is  worth  while  to  do  it. 

While  receiving  my  post-graduate  instruc- 
tion in  nose,  ear  and  throat  work,  I  was  im- 
pressed by  the  difficulty  encountered  in  the 
treatment  of  chronic  sinusitis  of  the  accessory 
air  sinuses  and  by  the  remark  of  Dr.  A.  J. 
Houston  of  San  Francisco  at  that  time: 
"What  in  the  world  can  be  done  to  stop  these 
chronic  sinusitis  cases?  I  have  been  searching 
in  Europe  and  this  country  in  hope  of  hnding 
something  more  satisfactory  in  the  treatment 
of  this  condition." 

It  is  a  difficult  thing  to  cure  chronic  sinusitis; 
therefore,  I  believe  that  we  should  do  our  part 
to  help  to  prevent  a  condition  from  becoming 


chronic.  I  do  not  think  there  is  much  \'alue  in 
treating  chronic  sinusitis  with  the  .v-ray.  If  any 
of  you  try  it,  be  sure  to  make  an  intranasal 
examination  first  to  see  if  pus  is  there,  and  to  see 
if  it  is  draining.  If  there  is  not  sufficient 
drainage,  you  might  do  harm. 

In  regard  to  the  two  positions,  the  following 
method  was  used:  on  every  sinus  case  two 
posteroanterior  exposures  were  made,  and 
one  lateral.  The  posteroanterior  position  con- 
sisted of  one  made  in  the  usual  23-degree  angle 
and  the  other  in  the  \\  aters  position.  If  either 
position  ruled  out  sinusitis,  the  case  was  not 
used  in  the  series.  If  both  positions  showed 
sinusitis,  the  film  was  chosen  for  exhibit  which 
most  clearly  outlined  the  condition. 

In  closing,  let  me  say  that  if  any  of  you  have 
e\er  had  sinusitis  and  have  had  it  treated  by 
irrigation,  you  would  appreciate  by  contrast  the 
absenceof  discomfort  afforded  by  .v-ray  therapy. 
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DISEASE  IN  CHILDREN  UNDER  FIVE* 


BY    \VM.   A.   EVANS,    M.D. 


DETROIT,    MICHIGAN 


''I'^HE  practice  of  general  roentgenology' 
-L  affords  one  an  excellent  opportunity 
for  the  study  of  anatomy  in  all  of  its 
variations.  Early  in  my  work  in  this  field, 
my  observations  of  mastoid  structure  in 
infants  and  young  children  were  contrary 
to  the  usual  teachings  and  writings.  As  my 
experience  with  clinicians  broadened,  and 
I  was  called  upon  to  interpret  abnormal 
mastoid  structure  in  clinical  terms,  I 
became  con\inced  that  those  who  denied 
the  value  of  the  roentgen  diagnosis  in 
mastoid  disease  in  early  life  probably  spoke 
from  inexperience  or  misinformation.  So, 
when  it  was  stated  in  the  very  excellent 
work  on  "Mastoids "^  by  the  leading 
authority  in  this  branch  of  our  work  that 
"Except  in  very  unusual  cases  the  mastoid 
process  does  not  show  cellular  de\  elopment 
before  three  years  of  age,  and  usually  not 
until  about  the  fifth  year,"  it  seemed 
advisable  to  publish  our  observations  and 
experiences,  since  they  were  not  in  accord 
with  the  generally  accepted  ideas. 

Recent  publications  in  English  by  anato- 
mists   on    the   structure    of   the    mastoid 


process  agree  with  the  older  works  as  to 
the  tardy  pneumatization  of  the  mastoid. 

Goldstein,-  in  1921,  stated:  "The  mas- 
toid process  contains  no  air  cells  at  birth, 
but  toward  puberty  the  process  becomes 
pneumatic." 

Bigelow,'  of  Providence,  through  his 
knowledge  of  the  work  of  Cheadle,  was 
familiar  with  the  early  formation  of  pneu- 
matic cells,  but  was  impressed  with  the  fre- 
quency of  the  persistence  of  the  infantile 
type  to  adult  life,  but  the  frequent  develop- 
ment of  the  adult  type  of  mastoid  structure 
in  early  childhood  was  not  noted. 

Professor  E.  Zuckerkandl, '  the  leading 
European  anatomist  on  the  temporal  bone, 
also  observed  the  early  formation  of  pneu- 
matic structure,  and  states  that  in  the 
second  year  cellulae  can  be  present,  and  in 
the  third  year  the  process  resembles  fre- 
quently the  process  in  the  adult.  It  will  be 
instructi\e  to  quote  verbatim  from  the 
abo\e  article  as  to  the  embryology  of  the 
mastoid: 

"Mastoid  process  of  the  child,  the  pars 
mastoidea,    is    already    present     in    the 
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embryo;  a  cone-like,  pneumatic  process 
develops,  only  very  much  later.  Of  the 
pneumatic  spaces,  first  the  antrum  appears, 
which  Schwa  rtze  and  Eysel  have  observed 
already  in  the  five-months'  embryo.  In  the 
newborn  there  is  a  httle  knob  at  the  spot 
of  the  mastoid  process,  the  anterior  plane  of 
which  is  taken  up  by  a  triangular  process 
of  the  squama  (lamina  mastoidea  squamae) . 
Between  both  there  is  to  be  found  the 
fissura  mastoidea  which  passes  away  only 
after  the  complete  second  year  and  which 
contains  a  connective  tissue,  continuation 
of  the  outer  periosteum.  Not  infrequently, 
portions  of  the  same  or  the  whole  suture 
persist.  This  is  important  to  consider,  on 
account  of  its  relation  to  the  propagation 
of  diseased  processes  from  outward 
inwardly,  and  vice  versa.  The  formation 
of  the  mastoid  cells  begins  at  the  posterior 
end  of  the  mastoid  antrum,  and  continues 
at  first  horizontally  toward  the  sigmoid 
sinus,  so  that  the  upper  portion  of  the  pars 
mastoidea  becomes  pneumatic  sooner  than 
the  mastoid  process.  The  cell  formation  in 
the  same  also  starts  through  the  antrum 
which  pushes  a  prolongation  toward  the 
tuberculum  mastoideum.  This  evacuation 
grows  in  the  course  of  the  first  month.  At 
the  end  of  the  first  year  the  tuberculum 
contains  already  a  comparatively  large 
cavity  and  becomes  cone-shaped.  In  the 
second  year  celiulae  can  be  present,  and 
in  the  third  year  the  process  resembles 
frequently    the    process    in    the    adult." 

Very  little  reference  is  made  to  the  value 
of  x-ray  diagnosis  in  the  literature  on  the 
clinical  aspect  of  mastoid  disease. 

In  Philip  D.  Kerrison's  book,'  "Diseases 
of  the  Ear,"  published  in  192 1,  no  mention 
is    made    of    this    method    of   diagnosis. 

Amberg,"  has  an  article  in  volume 
xxvi  of  The  Laryngoscope,  in  which  he 
recognizes  the  value  of  the  aid  given  by 
the  x-ray  method  of  study,  but  his  cases 
did  not  include  a  patient  under  five  years. 

Bigelow,^  mentions  the  failure  of  twenty- 
one  out  of  twenty-five  otologists  to  recog- 
nize the  value  of  the  x-ray  examination  in 
acute  Infections  of  the  middle  ear  and  its 
complications. 

Articles  in  the  roentgen  literature  on  this 
subject  are  few.  Sidney  Lange,'  in  1909, 
made  the  following  statement: 


"Upon  the  mastoid  skiagrams  of  children 
under  ten  years  of  age  the  mastoid  appears 
entirely  spongy  or  diploetic,  there  are  no 
visible  cells  and  the  tip  is  undeveloped. 
The  tip  at  this  time  consists  simply  of  an 
inner  and  an  outer  table,  with  little 
cancellous  bone  between,  and  shows  no 
structure  upon  the  skiagram.  From  ten 
to  fifteen  years  the  mastoid  takes  on 
the  pneumatic  characteristics,  large 
cells  appear  and  grow  downward  toward 
the  tip,  its  diploetic  structure  finally 
giving  way  to  the  more  or  less  pneumatic 
adult  type. "  No  doubt  his  later  experience 
has  proven  that  the  above  statement  is 
not  in  accordance  with  the  facts. 

Dr.  Wm.  H.  Stewart,'  of  New  York,  as 
early  as  1913,  in  an  article  entitled 
"Radiographic  Findings  Illustrating  the 
Anatomic  Development  of  the  Mastoid 
Bone,"  states  that  examinations  of  normal 
children  as  to  mastoid  structure  demon- 
strated that  distinct  and  well-formed 
pneumatic  cells  occur  as  early  as  two  years, 
and  Gerber,'  in  collaboration  with  Bigelow, 
agrees  with  Stewart  as  to  the  early  presence 
of  pneumatic  cells. 

The  material  for  this  paper  was  obtained 
from  Harper  Hospital  and  our  office 
records  for  the  first  six  months  of  the  year 
1922.  In  that  period  254  cases  were 
referred  for  mastoid  examination. 
Classified  according  to  age,  w-e  find  that  7 
were  less  than  one  year  of  age;  46,  less  than 
five  years  of  age;  52,  from  five  to  ten  years 
of  age;  and  147,  over  ten  years  of  age.  Of 
the  53  cases  of  less  than  five  years,  39  were 
operated  on  and  operative  results  were 
available.  We  were  able  to  classify, 
anatomically,  all  of  the  proven  cases 
according  to  the  classification  of  Cheadle, 
which  arrangement  was  found  acceptable 
by  Gerber  and  Bigelow.  That  is,  three 
types  of  infantile  mastoid:  First,  the 
diploetic  form;  second,  the  dense  form; 
third,  the  pneumatic  infantile;  and 
finally,  the  adult  type.  Of  the  39  cases, 
6  were  classified  as  the  diploetic  infantile; 
I  as  the  dense  infantile;  13  as  the  pneu- 
matic infantile;  and  19  the  adult  type. 

These  figures  indicate  that  pneumati- 
zation  of  the  mastoid  structure  occurs 
much  earlier  than  all  the  former  writings 
indicate,  and  that  the  adult  structure  Is 
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found  in  a  much  larger  proportion  than 
was  formerly  believed. 

We  further  classified  the  types  in  our 
operative  cases  as  to  years.  Of  the  patients 
less  than  one  year  of  age,  5  presented 
the  pneumatic  type,  and  only  i  the  dip- 
loetic  type.  In  the  second  year  we  found  i 
of  the  diploetic  infantile;  i  of  the  dense 
infantile;  3  of  the  pneumatic  infantile;  and 
3  of  the  adult  type.  In  the  third  year,  2 
presented  the  diploetic  type,  i  the  pneu- 
matic infantile,  and  5  the  adult  type.  In 
the  fourth  year,  2  were  of  the  diploetic 
infantile  type,  2  of  the  pneumatic  infantile, 
and  7  of  the  adult.  In  the  fifth  year,  we 
found  I  of  the  pneumatic  infantile,  and  5 
of  the  adult  structure. 

TYPES    OF    MASTOID    STRUCTURE 


Age            1 

I 

2 

3 

4 

5 

Total 

Diploetic. 

I 

I 

2 

2 

6 

Dense 

I 

■ 

Pneumatic 
infantile 

5 

3 

I 

2 

1 

12 

Adult 

3 

S 

7 

5 

20 

Total 

6 

8 

8 

1 1 

6 

39 

Since  the  above  conditions  exist,  stereo- 
scopic plates  of  the  mastoid  regions  of 
children  will  give  information  comparable 
to  that  of  adults,  and  in  all  cases  of  com- 
plicated middle-ear  infection,  plates  should 
be  obtained,  so  that  the  surgeon  can  know 
in  advance  the  area  he  is  to  explore,  espe- 
cially as  regards  type  and  extent  of  struc- 
ture, and  direction  that  the  infection 
probably  took. 

Even  in  those  cases  in  which  there  is  no 
cellular  structure,  that  is,  where  the  struc- 
ture is  diploetic  or  dense,  we  believe  that 
valuable  information  can  be  obtained  from 
stereoscopic  plates.  It  is  not  possible 
to  be  as  exact  in  the  classification  of  the 
degrees  of  bone  change,  but  in  cases  where 
there  is  definite  disturbance  of  bone 
structure,  the  lesion  can  be  usually 
demonstrated. 


In  the  interpretation  of  the  mastoid 
plates  as  regards  disease  and  clinical 
indications,  we  have  followed  the  classifica- 
tion of  the  changes  adopted  by  Dr.  Lange:" 
that  is,  the  mild  or  first  degree  mastoiditis 
in  which  there  has  been  a  replacement  of 
the  air  content  with  exudate  but  no  change 
in  the  cell  walls;  the  second  degree,  in 
which  is  noted  in  addition  to  the  absence 
of  air  content,  a  change  in  the  bone  struc- 
ture, the  cell  walls  being  indistinct  and  hazy, 
and  in  places  possibly  a  coalescence  of  a 
number  of  the  cells;  the  third  degree,  in 
which  practically  all  of  the  cell  structure 
has  broken  down.  First  degree  mastoids 
are  not  considered  surgical,  but  the  second 
degree  is  usually  surgical,  and  the  third 
degree,  always  surgical. 

In  all  the  cases  studied  in  which  the 
degree  of  pathology  and  surgical  indica- 
tions were  stated,  the  findings  at  operation 
coincided  with  the  pathology  described  by 
the  roentgenologist,  with  the  exception 
that  in  several  cases  the  destructive  proc- 
ess had  gone  beyond  that  suggested  by  the 
roentgenograms.  In  two  cases  the  indica- 
tions for  treatment,  as  suggested  by  the 
roentgenograms,  were  disregarded  by  the 
operator,  and  a  second  operation  was 
necessary:  that  is,  the  surgeons  considered 
a  drainage  of  the  antrum  sufficient  when 
there  was  roentgen  evidence  of  pneumatic 
structure  which  was  infected,  and  it  was 
later  necessary  to  re-operate  and  remove 
the  infected  cellular  structure. 

Continuing  the  quotation  from  Law's 
book  on  "Mastoids:"^  "This  fact  (refer- 
ring to  the  absence  of  cellular  develop- 
ment under  the  fifth  year),  together  with 
the  difficulty  in  immobilizing  the  head  of 
an  infant — "  We  agree  with  the  technical 
difiiculties  and  have  found  it  necessary  in 

gractically  every  case  to  gi\e  an  anesthetic, 
ut  under  these  conditions  very  satis- 
factory plates  have  been  obtained.  It  is 
important,  of  course,  that  the  plates  be 
stereoscopic,  and  that  the  technique  used 
be  one  that  shows  to  best  advantage  the 
mastoid  area.  Our  custom  is  to  place 
the  patient  in  the  prone  position,  witn  the 
head  turned  first  to  the  right  and  then  to  the 
left  on  an  angle  board;  the  head  is  fixed  by 
a  mechanical  device  and  further  held  by  an 
assistant.  The  central  rays   for  the  first 
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plate  are  directly  vertical,  and  for  the 
second  plate  the  shift  is  made  backward 
and  the  central  rays  angled  anteriorly. 
Of  late  we  have  been  using  the  so-called 
"flash"  method,  to  obviate  the  necessity 
of  a  general  anesthetic  in  obtaining  plates. 
The  technique  of  this  involves  the  use  of 
double-coated  films  and  screens;  the  volt- 
age varies  from  55  to  70,000;  about  30 
milliamperes,  and  about  ^fn  to  J-^o  of  a 
second,  depending  upon  the  age  of  the  child 
and  the  size  of  the  head. 

CONCLUSIONS 

1.  Pneumatic  mastoid  structure  is  fre- 
quently observed  before  the  end  of  the 
first  year  of  life. 

2.  The  adult  mastoid  structure  can  be 
observed    as   early   as   the   second    year. 

3.  Stereo  plates  of  good  quality,  of 
children  under  five,  have  definite  diagnos- 
tic and  prognostic  value. 


BIBLIOGRAPHY 

1.  Law,   Frederick  S.  Mastoids:  Annals  of  Roent- 

genology.    Paul  B.  Hoeber,  New  V'ork,   1920. 

2.  Goldstein,     Joseph.     Ann.     OtoL,     Rbinol.     & 

Lari'ngol.,  June,  192 1. 

3.  BiGELOw,  F.  NoLTON.  Types  of  mastoid  structure 

with  special  reference  to  tlieir  recognition  by 
means  of  stereoradiography.  Ann.  OtoL,  Rbinol. 
i"  Lnry'ngoL,  1918,  xxvii,  54. 

4.  ZuCKERKANDL,    Prof.   E.   Handb.   d.   Obrenbeilk., 

vol.  i,  pp.  33,  34. 

5.  Kerrison,  Philip  D.  Diseases  of  the  Ear.  Phila- 

delphia, 1921. 

6.  Amberg,  Emil.  Some  remarks  on  the  x-ray  diag- 

nosis of  mastoiditis.  Laryngoscope,  1916,  xxvi. 

7.  Lance,    Sidney.   The   x-ray   examination   of  the 

mastoid  region.  Am.  Q.  Roentgenol.,  Dec,  1909, 
ii,  no.  I. 

8.  Stewart,  Wm.  H.  Radiographic  findings  illustrat- 

ing the  anatomic  development  of  the  mastoid 
bone.  Ann.  OtoL,  Rbinol.  c'"  LaryngoL,  1913, 
xxii,  677. 

9.  Gerber,  Isaac.  Some  observations  of  the  mastoid 

structure  as  revealed  by  roentgen  ray  examina- 
tions. Am.  J.  Roentgenol.,  Jan.,  1919,  p.i. 
10.  Lange,  Sidney.  Practical  results  in  x-ray  examina- 
tion of  the  mastoid.  Am.  J.  Roentgenol.,  June, 
1914,  i,  no.  8. 


A  REVIEW  OF  THE  TREATMENT  OF  HYPERTHYROIDISM 

BY  ALL  METHODS,  WITH  A  SUMMARY  OF  THE 

AUTHORS'  EXPERIENCE  WITH 

ROENTGEN  THERAPY* 

BY    THOS.    A.    GROOVER,    M.D.,    A.    C.    CHRISTIE,    M.D.,    AND    E.    A.   MERRITT,   M.D. 


THE  rational  treatment  of  hyperthy- 
roidism had  its  origin  in  the  thyreo- 
genic  theory  first  clearly  set  forth  by 
Moebius  in  the  year  1886.  Exactly  a 
century  before  that  time,  Parry  had 
recognized  typical  cases  of  exophthalmic 
goiter,  and  during  the  intervening 
century  many  noted  names  were  connected 
with  the  study  of  the  disease,  notably: 
Graves,  Basedow,  Stokes,  Charcot,  and 
Trousseau. 

The  foundation  of  all  subsequent  work 
was  laid  by  Moebius  who  brought  forth 
the  theory  that  "Basedow's  disease  is 
an  intoxication  due  to  the  morbid  function 
of  the  thyroid  gland"  and  who  stated  that 
the  disease  can  be  looked  upon  as  a 
"hyperthyroidization."  Clinical  observa- 
tion and  experimental  work  since  that  time 
have  served  to  establish  thoroughly  the 
correctness  of  his  views.  The  term  "hyper- 
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thyroidism"  now  has  a  sound  scientific 
basis.  It  serves  to  designate  a  syndrome 
characterized  by  an  increased  metabolic 
rate  and  by  certain  well-known  clinical 
manifestations. 

Kendall's  work  in  19 14,  in  separating 
the  pure  chemical  compound,  thyroxin, 
from  the  thyroid  gland,  his  subsequent 
work  in  proving  that  thyroxin  is  the  active 
principle  of  the  thyroid,  and  finally  his 
demonstration  of  the  chemical  compo- 
sition of  this  active  principle,  not  only 
added  greatly  to  our  knowledge  of  diseases 
of  the  thyroid  gland,  but  is  one  of  the  most 
complete  and  beautiful  pieces  of  work  in 
the    entire    history    of    medical    science. 

The  investigations  of  Du  Bois,  of 
Plummer  and  his  associates,  Boothby  and 
Sandiford,  and  of  Means  and  Aub,  have 
established  beyond  reasonable  doubt  that 
the  basal   metabolic  rate  is  an  accurate 
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diagnostic  measure  for  the  recognition 
of  the  presence  or  absence  of  hyperthyroid- 
ism. Plummer  has  clarified  the  problem 
by  showing  conclusively  that  there  are 
two  types  of  hyperthyroidism:  true  ex- 
ophthalmic goiter  and  adenoma  with 
hyperthyroidism.  The  two  conditions  differ 
not  only  in  their  underlying  pathological 
anatomy,  their  mode  of  onset,  their 
clinical  course  and  their  prognosis,  but 
also  in  their  treatment. 

It  is  not  our  intention  to  attempt  to 
recount  in  this  paper  the  different  methods 
that  ha^'e  been  used  in  the  treatment  of 
hyperthyroidism.    Their    name    is    legion. 

The  use  of  iodine  and  the  iodides 
internally,  and  of  iodine  or  iodoform  for 
injection  into  the  gland;  the  administration 
of  thyroid  or  thymus  gland  preparations, 
of  sera  from  thyroidectomized  dogs  or 
sheep;  the  milk  of  thyroidectomized  goats; 
and  the  serum  of  Rogers  and  Beebe, 
have  all  been  used  and  now  generally 
abandoned.  Today  only  two  methods  are 
in  general  use:  surgery  and  roentgen- 
ray  therapy.  We  wish  to  discuss  the  sub- 
ject under  the  headings  of  (i)  general 
management,  (2)  surgical  treatment,  (3) 
roentgen-ray  treatment. 

The  general  management  of  patients 
with  hyperthyroidism  is  of  major  impor- 
tance, whether  the  ultimate  treatment  is 
to  be  surgery  or  the  roentgen-rays.  It 
should  be  as  well  understood  and  as  care- 
fully carried  out  by  the  roentgenologist 
as  it  is  by  the  surgeon  or  internist.  We 
venture  to  recall  here  the  details  of  the 
general  management  of  this  disease  only 
because  we  believe  that  many  who  are 
called  upon  to  treat  patients  with  hyper- 
thyroidism are  lax  in  this  very  essential 
part  of  its  treatment. 

Rest  is  the  first  indication,  and  whether 
it  is  to  be  absolute  or  relative  depends 
upon  the  severity  of  the  disease.  In  severe 
cases  a  rigid  regime  of  rest  in  bed  and 
passive  exercise  must  be  carried  out. 
The  details  of  such  a  regime  cannot  be 
described  here.  In  cases  with  mild  symp- 
toms, definite  directions  must  be  given 
as  to  amount  of  exercise,  the  necessity 
for  long  hours  of  sleep,  and  the  avoidance 
of  all  unnecessary  activity  and  of  working 
to  the  point  of  fatigue.  Rest  to  the  mind 


is  equally  as  important  as  rest  to  the  body. 
Mental  stress  and  worry  must  be  avoided 
so  far  as  possible.  The  physician  must 
use  every  means  in  his  power  to  gain 
the  patient's  confidence,  to  tranquilize 
her  mind,  and  to  create  an  atmosphere 
of  optimism. 

The  diet  must  be  regulated  with  care. 
Overfeeding  is  to  be  avoided,  but  in  a 
disease  characterized  by  increased  catab- 
olism,  it  is  essential  for  the  patient  to 
have  a  large  amount  of  food  of  the  most 
nourishing  kind  possible.  Much  care  should 
be  used  to  make  the  food  tempting  to 
the  appetite  and  at  the  same  time  of  a 
kind  that  is  easily  assimilable  and  of 
high  caloric  value.  It  is  equally  important 
that  the  intake  of  fluid  be  as  great  as 
possible  in  order  to  assist  in  the  elimination 
of  waste  matter  produced  by  the  increased 
metabolism.  Hertzler  recommends  lemon- 
ade for  this  purpose,  and  to  increase 
the  caloric  value  of  the  food  he  adds  about 
50  gm.  of  lactose  to  each  glassful. 

Cardiac  symptoms,  if  marked,  may  need 
special  treatment.  Tachycardia  and  pal- 
pitation usually  subside  when  the  patient 
is  put  at  rest.  If  this  does  not  occur,  an 
ice-bag  placed  over  the  heart  is  often 
beneficial. 

Digitalis  is  of  great  value  in  decom- 
pensation and  fibrillation  of  the  heart, 
but  should  not  be  used  routinely  because  of 
its    tendency   to    cause   gastric   irritation. 

The  nervous  symptoms  and  insomnia 
will  be  greatly  decreased  by  such  general 
hygienic  measures  as  rest,  proper  diet, 
and  fresh  air  in  the  sleeping  room.  If 
insomnia  persists,  a  full  dose  of  sodium 
bromide  at  bedtime  may  be  effective. 
Administration  of  opiates  is  very  rarely 
justifiable  in  this  disease. 

Gastric  or  ittlestinal  complicatioixs  are 
usually  controlled  by  careful  attention 
to  the  diet;  but  if  crises  occur,  lavage 
of  the  stomach  and  colon  and  mild 
cathartics  may  be  necessary. 

An  essential  clement  in  the  general 
management  of  hyperthyroid  cases  is 
the  elimination  of  all  sources  of  focal 
infection.  The  number  of  cases  arising 
after  influenza  and  tonsillitis  strongly 
suggests  the  possibility  of  infection  as  a 
primary    cause    of    the    disease.    Special 
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attention  should  be  directed  to  the  nasal 
accessory  sinuses,  the  tonsils,  and  the 
teeth,  and  to  the  possibility  of  the  presence 
of  a  chronically  infected  gall-bladder  or 
appendix. 

Surgical  Treatment.  The  history  of  the 
surgical  treatment  of  goiter  is  essentially 
the  history  of  the  art  of  general  surgery. 
Some  of  the  greatest  names  in  surgery 
are  connected  with  the  operation  for  the 
extirpation  of  goiter.  Until  about  1890 
all  the  important  advances  had  been  made 
by  Swiss,  German  and  Austrian  surgeons. 
The  most  prominent  among  them  were 
Theodor  Kocher  and  Mikulicz.  Tillaux 
in  1880  and  1881  operated  on  two  patients 
with  hyperthyroidism  and  Rehn  operated 
for  exophthalmic  goiter  in  1884.  The  work 
of  Halsted  in  this  country  is  too  well 
known  to  need  comment. 

The  good  results  obtained  by  surgical 
treatment  established  it,  early  in  this 
century,  as  the  treatment  of  choice  for 
hyperthyroidism.  During  the  past  ten 
years  the  technique  of  operation  and  the 
surgical  management  have  been  so  per- 
fected by  the  work  of  C.  H.  Mayo,  Crile, 
and  others,  that  the  mortality  from  opera- 
tion has  been  greatly  reduced  and  the  end- 
results  much  improved.  The  generally 
accepted  surgical  treatment  of  hyperthy- 
roidism may  be  given  by  summarizing 
a  description  by  Pemberton'  of  the 
method  of  treatment  carried  out  at  the 
Mayo  Clinic.  The  "patients  with  exoph- 
thalmic goiter  fall  into  one  of  three  groups: 
(i)  patients  on  whom  a  primary  thyroidec- 
tomy can  be  performed  with  reasonable 
safety,  (2)  patients  concerning  whom  the 
wisdom  of  advising  thyroidectomy  is 
doubtful,  (3)  patients  in  whom  indications 
for  extended  observation  or  preliminary 
measures  are  clearly  defined." 

In  the  first  group  are  those  patients 
whose  basal  metabolic  rate  is  usually 
not  above  plus  55  per  cent,  in  whom  the 
severity  of  the  disease  is  not  increasing, 
and  who  have  suffered  no  great  loss  of 
strength  or  weight.  The  second  group 
comprises  those  whose  basal  metabolic 
rates  are  only  a  little  higher  than  plus  55 
per  cent,  but  about  whom  doubt  exists, 
possibly  because  of  recent  loss  in  weight, 
marked  loss  of  strength,  presence  of  slight 


edema,  or  undue  apprehension  on  the  part 
of  the  patient.  A  preliminary  ligation  of  the 
superior  thyroid  is  done  on  patients  of  this 
group  and  if  no  undue  reaction  occurs,  it 
is  followed  by  thyroidectomy  in  from  seven 
to  ten  days.  It  is  sometimes  necessary  to 
do  a  second  ligation  before  the  resection 
if  there  is  marked  reaction  after  the  first. 
Group  three  comprises  patients  who  must 
be  kept  under  extended  observation  and 
who  may  need  much  preliminar}'  treat- 
ment before  a  resection  is  advisable.  The 
indications  for  this  are  a  high  metabolic 
rate,  plus  70  per  cent  or  higher,  actual 
crisis  or  recent  progression  of  the  disease, 
extreme  apprehension,  marked  weakness, 
loss  of  weight,  chronic  visceral  changes, 
cardiac  dilatation  and  chronic  infection. 
Patients  in  this  group  are  put  at  rest  and 
carefully  observed  until  the  simplest  surgi- 
cal procedure,  such  as  injection  of  quinin- 
urea  or  boiling  water,  may  be  done.  This 
may  be  followed  by  successive  ligations 
of  the  superior  thyroid  vessels,  the  interval 
between  operations  depending  upon  the 
degree  of  reaction.  In  most  cases  the  liga- 
tions produce  such  improvement  that 
thyroidectomy  may  be  done  safely. 

The  general  management  of  patients 
with  hyperfunctioning  adenomatous  goiter 
is  the  same  as  for  those  with  exophthalmic 
goiter;  but  preliminary  figations,  etc., 
are  rarely  necessary  in  these  patients. 

Pemberton  gives  the  following  statistics 
for  the  Mayo  Clinic  from  July  i,  1920, 
to  July  I,  1921.  "Of  the  281  patients  with 
hyperfunctioning  adenomatous  goiter,  4 
died,  a  mortality  of  1.4  per  cent.  Of  677 
patients  with  exophthalmic  goiter,  on 
whom  1,224  operations  were  performed 
(figations  and  thyroidectomies),  23  died,  a 
mortality  of  1.87  per  cent  by  operations 
and  3.39  per  cent  by  patients." 

The  following  is  Crile's  statement  of  his 
mortality:  "Since  the  adoption  of  the 
method  described  in  this  volume,  we 
have  performed  1,783  thyroidectomies, 
including  1,022  thyroidectomies  for  exoph- 
thalmic goiter,  with  25  deaths,  a  mortality 
rate  of  1.4  per  cent;  and  783  ligations 
with  6  deaths,  a  mortality  rate  of  0.76 
per  cent."^  It  is  impossible  from  this 
statement  to  determine  the  mortality 
rate  in  the  patients  with  hyperthyroidism. 
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since  no  separate  figures  are  given  for 
the  mortality  in  either  exophthalmic  goiter 
or  toxic  adenoma.  It  is  fair  to  assume  that 
the  mortafity  rate  in  the  1,022  cases  of 
exophthalmic  goiter  was  greater  than  that 
in  the  1,783  cases  which  included  simple 
goiter.  The  6  deaths  following  ligations 
might  also  be  fairly  charged  to  the  surgical 
treatment  of  exophthalmic  goiter. 

Examination  of  the  available  statistics 
of  operative  mortality  leads  us  to  the  con- 
clusion that  in  the  hands  of  the  most  skillful 
surgeons,  with  every  facility  for  pre- 
operative and  postoperative  care,  the 
operative  mortality  in  patients  with 
exophthalmic  goiter  is  somewhere  between 
2  and  4  per  cent,  and  in  hyperfunctioning 
adenoma  about  1.5  per  cent.  The  operative 
mortality  of  the  average  good  surgeon 
throughout  the  world  is  undoubtedly 
considerably  higher  than  this. 

The  end-results  of  surgical  treatment  in 
the  best  hands  can  be  judged  from  statistics 
compiled  by  Judd  from  cases  operated 
upon  at  the  Mayo  Clinic,^  comprising 
100  cases  of  exophthalmic  goiter  operated 
upon  in  19 14,  and  100  cases  of  toxic  ade- 
noma operated  upon  in  19 17  and  19 18. 
The  average  elapsed  time  since  the  first 
series  was  six  years,  and  since  the  second 
series  was  two  years.  The  exophthalmic 
goiter  cases  showed  65.8  per  cent  cured, 
13.6  per  cent  markedly  improved,  5.6 
per  cent  slightly  improved,  and  15  per 
cent  dead  from  all  causes.  The  cases  of 
hyperfunctioning  adenoma  showed  83  per 
cent  cured,  5  per  cent  markedly  improved, 
I  per  cent  slightly  improved,  2  per  cent 
not  benefited,  and  9  per  cent  dead  from 
all  causes. 

It  is  fair  to  conclude  from  available  statis- 
tics that  the  surgical  treatment  of  hyper- 
thyroidism cures  about  75  per  cent  of  all 
cases  operated  upon,  that  there  is  an 
operative  mortality  of  at  least  3.5  per  cent, 
and  a  certain  unknown  percentage  of 
patients  that  are  inoperable. 

Roentgen-ray  Treatment.  The  roentgen 
ray  has  been  used  in  the  treatment  of 
hyperthyroidism  since  1898.  It  was  only 
with  the  advent  of  the  Coolidge  tube, 
however,  that  it  became  possible  to  control 
the  dosage  to  an  extent  that  enables  dif- 
ferent workers  to  imitate  or  duplicate  each 


other's  results.  Since  1915  the  majority 
of  roentgenologists  in  this  country  have 
used,  with  minor  modifications,  the  dosage 
then  recommended  by  Pfahler,  and  the 
results  throughout  the  United  States  and 
Canada  have  for  that  reason  been  rather 
uniform.  In  1915  Pfahler  and  Zulick* 
made  a  thorough  review  of  the  literature 
of  the  roentgen  treatment  of  hyperthy- 
roidism, and  five  years  later  Pfahler^ 
presented  an  excellent  summary  of  roent- 
gen and  radium  therapy  in  this  disease. 
He  presents  evidence  based  upon  his  own 
experience  and  that  of  careful  workers  in 
Europe  and  America  which  has  led  him  to 
the  conclusion  that  roentgen  therapy  offers 
an  equal  chance  with  surgery  for  the  cure  of 
hyperthyroidism,  and  it  is  his  opinion  that 
"radiotherapy  is  the  best  form  of  treat- 
ment for  toxic  goiter."  Our  own  experience 
leads  us  to  complete  agreement  with  these 
conclusions.  That  surgeons  in  general 
not  only  do  not  accept  these  conclusions, 
but  reject  them  almost  entirely,  is  shown 
by  the  fact  that  Hertzler,  in  a  recent  book, 
"Diseases  of  the  Thyroid  Gland"''  does 
not  mention  roentgen  treatment  of  hyper- 
thyroidism; that  Crile,  in  his  book,  "The 
Thyroid  Gland"-  discusses  the  treatment 
only  to  condemn  it;  and  that  such  state- 
ments as  the  following  may  be  found  in  the 
writings  of  many  prominent  surgeons. 
"With  -V-ray  treatments  remissions  may 
occur  just  as  with  other  methods  of 
treatment.  Our  experience  has  been  failure, 
or  but  temporary  benefit"  (C.  H.  Mayo). 

The  reasons  advanced  by  surgeons  for 
rejecting  the  roentgen  method  of  treatment 
are  as  follows : 

1.  It  has  not  been  proven  that  the 
roentgen  ray  produces  permanent  cure  of 
the  disease. 

2.  The  time  necessary  for  roentgen 
treatment  increases  the  opportunity  for 
cardiovascular  and  visceral  changes  to 
occur,  and  a  certain  number  die  of  hyper- 
thyroidism   while    taking    the    treatment. 

3.  Subsequent  operation  upon  the  gland 
is  rendered  more  diflicult  because  of 
adhesions  between  the  muscles,  capsule 
and  gland. 

4.  The  function  of  the  thyroid  may 
be  so  reduced  that  hypothyroidism  will 
result. 
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The  first  reason  given  that  roentgen 
therapy  has  not  yet  been  proven  of  perma- 
nent curative  value  should  be  examined  in 
the  hght  of  the  fact  that  the  roentgen-ray 
treatment  of  hyperthyroidism  is  still  in 
its  infancy.  It  has  been  only  since  the 
advent  of  the  Coolidge  tube  that  we  have 
been  able  to  control  dosage,  and  only  since 
IQ15  that  there  has  been  any  uniformity  in 
the  method  of  treatment  employed. 
Surgeons  have  been  operating  upon 
patients  with  hyperthyroidism  for  more 
than  forty  years  and  have  been  able  to 
amass  a  great  volume  of  statistics  which 
prove  the  value  of  surgical  treatment.  The 
roentgen  method  is  now  somewhat  in  the 
situation  of  surgery  between  1900  and  1905, 
when  the  so-called  medical  treatment  was 
that  usually  employed;  the  burden  of 
proof  at  that  time  rested  upon  the  surgeon. 
Roentgenologists  are  only  now  beco/ning 
able  to  point  to  permanently  cured  cases 
of  hyperthyroidism,  and  cannot  yet  speak 
in  terms  of  definite  percentages,  because 
sufficient  time  has  not  elapsed.  In  the  very 
nature  of  the  case  it  is  still  impossible  to 
offer  definite  proof  of  the  percentage  of 
patients  that  are  cured  by  roentgen 
treatment,  but  many  cured  cases  are  now 
being  reported.  There  is  no  doubt  that 
the  results  already  obtained  justify  the 
extended  use  of  this  method,  and  it  seems 
certain  that  the  results  will  be  greatly 
improved  as  roentgenologists  gain  experi- 
ence in  management  of  this  disease  and  as 
more  accurate  dosage  becomes  possible  by 
improvement  in  apparatus  and  technique. 

That  neither  the  surgical  nor  the 
roentgen-ray  treatment  of  hyperthyroidism 
is  perfect  in  its  results  may  be  inferred  from 
the  following  quotations.  The  first  is  taken 
from  Crile's  "The  Thyroid  Gland"-  and 
the  second  from  an  article  by  H.  M.  Jones.' 
Crile  says:  "It  is  significant  to  note  that 
many  cases  that  come  to  operation  have 
had  x-ray  treatment."  Jones  says:  "It  is 
significant  to  note  that  many  patients  who 
come  in  for  x-ray  treatment  have  previously 
been  operated  upon." 

The  danger  that  the  hyperthyroidism 
will  increase  and  produce  further  damage 
while  the  roentgen  treatment  is  being 
carried  out  is  probably  not  great.  In 
practically  all  the  cases  that  are  affected 


favorably  by  the  roentgen  rays  the  symp- 
toms will  begin  to  abate  after  about  a 
month,  that  is,  after  the  second  treatment. 
Our  experience  indicates  that  five  or  six 
treatments  is  about  the  average  number 
required.  The  first  four  are  given  three 
weeks  apart  and  the  next  two  at  intervals 
of  one  month.  The  total  time  of  treatment 
is  thus  less  than  four  months.  After  the 
fourth  treatment  it  is  an  almost  invariable 
rule  that  the  basal  metabolic  rate  decreases 
steadily,  the  weight  increases  and  the  entire 
clinical  picture  is  one  of  rapid  improve- 
ment. In  the  rare  case  that  does  not  follow 
this  course,  we  have  found  it  of  little  or  no 
value  to  proceed  with  the  treatment  after 
the  sixth  application.  These  patients  are 
kept  under  observation  for  about  three 
months  if  the  basal  metabolic  rate  is  not 
excessive  and  the  general  symptoms  not 
severe.  Great  improvement  may  take 
place  during  this  time  and  the  condition 
may  be  such  at  the  end  of  the  period  that  a 
cure  may  be  hoped  for  bj^  furtner  roentgen 
treatment.  There  remains,  however,  the 
occasional  patient  who  shows  little  or  no 
tendency  to  improve  after  the  fourth 
treatment  and  it  seems  to  us  much  the 
better  course  with  such  cases  to  advise 
thyroidectomy  rather  than  to  proceed 
further  with  the  roentgen  treatment. 

If  this  course  is  followed,  there  will 
probably  never  be  any  basis  in  fact  for  the 
surgeon's  third  objection,  that  difficulty  of 
operation  is  increased  by  roentgen  therapy. 
There  is  abundance  of  testimony  by 
surgeons  that  operation  upon  the  thyroid 
gland  is  rendered  less  difficult  by  previous 
roentgen  therapy  because  of  the  reduced 
vascularity.  It  is  safe  to  say  that  such 
would  always  be  the  case  if  the  roentgen 
treatment  were  kept  within  the  bounds 
indicated  above,  and  beyond  which  there  is 
probably  nothing  to  be  gained. 

The  fourth  objection  to  roentgen 
therapy — that  it  is  likely  to  produce 
hypothyroidism — can  be  dismissed  as  of 
no  practical  importance.  If  this  were  a 
real  danger,  it  would  constitute  a  strong 
argument  for  the  efficacy  of  the  roentgen 
rays  in  reducing  thyroid  activity.  If  it 
ever  was  a  danger  of  any  moment,  it  can 
be  avoided  almost  with  certainty  by 
controlling  the  treatment  with  the  basal 
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metabolic  rate.  There  is  certainly  no  more 
danger  of  this  accident  after  roentgen 
therapy  than  there  is  after  thyroidectomy 
done  by  the  average  surgeon. 

There  would  be  no  excuse  for  offering 
another  method  of  treatment  in  this 
disease  if  surgery  were  free  from  danger, 
and  if  it  always  cured  the  disease. 

Crile  minimizes  the  danger  of  operation, 
stating  that  under  the  type  of  surgical 
management  used  by  him  the  operative 
risk  may  be  largely  disregarded.  The  risk  is 
real,  however,  and  cannot  be  so  lightly 
set  aside  in  the  face  of  the  published  sta- 
tistics from  many  sources.  We  have  quoted 
above  statistics  from  the  Mayo  Clinic 
showing  an  operative  mortality  of  3.39  per 
cent  in  exophthalmic  goiter,  and  we  may 
fairly  assume  that  the  percentage  is  higher 
throughout  the  country.  There  is  also 
a  small  but  very  certain  mortality  in 
the  lesser  operation  of  ligation  of  a  thyroid 
vessel.  The  permanent  cures  effected  by 
surgery  may  be  judged  by  the  figures 
quoted  above  from  the  Mayo  Clinic, 
with  65.8  per  cent  of  cures  in  exophthalmic 
goiter  and  83  per  cent  in  toxic  adenoma. 

The  advantages  of  the  roentgen  method 
of  treatment  are  (i)  its  freedom  from 
danger,  (2)  its  ease  of  application  with  a 
minimum  of  inconvenience  and  loss  of 
time  to  the  patient,  (3)  its  availability  in 
inoperable  and  postoperative  cases. 

We  will  conclude  bj'  stating  briefly  what 
we  consider  the  essential  points  in  the 
general  management  and  treatment  of  a 
patient  with  hyperthyroidism: 

A  complete  history  is  obtained  and  a 
thorough  physical  examination  made.  If  a 
provisional  diagnosis  of  hyperthyroidism 
is  justified,  the  basal  metabolic  rate  is 
determined.  Inquiry  Is  made  with  regard 
to  living  conditions,  occupation,  etc., 
and  decision  made  as  to  whether  the 
occupation  may  be  continued  or  whether 
the  patient  should  rest  at  home  or  in  the 
hospital  for  a  time.  Careful  instructions 
are  given  about  the  diet  and  amount  of 
exercise  to  be  taken.  Sources  of  focal 
infection  are  sought  and  If  the  patient's 
general  condition  permits,  they  are  re- 
mo\ed. 

Roentgen  treatment  Is  given  over  each 
lobe   of  the   thvroid   and   over   one   area 


over  the  thymus  region.  We  have  not 
yet  followed  Pfahler's  suggestion  to  cover 
the  larynx,  but  have  had  two  cases  of 
troublesome  hoarseness  following  treat- 
ment and  think  it  would  be  well  to  use 
this  precaution.  The  following  are  the 
essentials  of  our  technique:  5  ma.,  at 
a  9-in.  gap  for  six  minutes  over  each  area 
at  8-In.  distance  through  5  mm.  of  alumi- 
num. Three  successive  doses  are  given  at 
three-week  intervals.  The  basal  meta- 
bolic rate  is  again  determined  about 
three  weeks  after  the  third  treatment. 
In  a  few  cases  no  further  treatment  is 
necessary,  but  usually  the  rate  is  still 
somewhat  elevated,  and  a  fourth  treatment 
Is  given  at  the  usual  three-week  interval. 
Thereafter  treatment  is  given  at  monthly 
intervals  until  two,  or  at  the  most,  three 
more  have  been  given.  The  necessity  for 
these  additional  treatments  is  carefulh" 
considered  in  the  light  of  the  general 
condition  of  the  patient  and  the  basal 
metabolic  rate. 

We  have  treated  114  cases  of  hyper- 
thyroidism and  sufficient  time  has  elapsed 
to  state  that  32  of  these  cases  are  cured, 
as  indicated  by  their  clinical  condition 
and  continued  normal  basal  metabolic  rate. 
Three  patients  have  died:  one  of  Influenza, 
one  of  pulmonary  tuberculosis,  and  one  of 
hyperthyroidism.  Four  cases  have  been 
operated  upon  after  roentgen  treatment, 
but  in  only  one  of  these  was  the  roentgen 
treatment  given  sufficient  trial.  Six  of 
our  cases  had  had  previous  lobectomies  or 
thyroidectomies.  Two  of  these  postopera- 
ti^•e  cases  have  returned  to  their  work 
apparently  well;  one  had  permanent  cardio- 
vascular and  visceral  changes  and  is 
Erobably  a  permanent  invalid,  but  her 
yperthyroidism  has  subsided;  the  other 
three  are  recent  ones  and  are  doing  well 
under  treatment. 

Twenty-four  cases  are  greatly  improved 
and  will  probably  need  no  further  treat- 
ment. 

Three  cases  are  clinically  well,  but 
after  eighteen  months  or  more  they  con- 
tinue to  have  a  somewhat  elevated  basal 
metabolic  rate — from  plus  22  to  plus 
28  per  cent.  We  are  urging  further  treat- 
ment in  these  cases,  but  have  not  yet 
conN-inced    them    that    it    is    necessary. 
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In  one  case  we  have  given  a  second 
series  of  three  treatments  because  of 
moderate  return  of  symptoms.  This  was 
followed  by  their  prompt  disappearance. 

The  results  have,  on  the  whole,  been 
satisfactory,  especially  when  we  consider 
the  fact  that  a  number  of  these  cases  were  of 
very  severe  type  with  basal  metabolic 
rates  above  plus  100  per  cent,  some 
quite  inoperable,  and  others  operative 
failures. 

SUMMARY 

1.  Comparison  of  the  results  obtained 
in  treatment  of  hyperthyroidism  by  sur- 
gery and  the  roentgen  ray  indicates 
that  these  two  methods  are  probably 
about  equal  in  the  percentage  of  permanent 
cures. 

2.  Patients  with  hyperthyroidism 
should  first  receive  roentgen  treatment, 
and  have  thyroidectomy  only  if  they 
fail  to  respond  to  this  treatment. 

3.  The  general  management  of  patients 
with  hyperthyroidism  is  of  prime  impor- 
tance whether  the  ultimate  treatment  is 
to  be  the  roentgen  ray  or  surgery. 
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DISCUSSION 

Dr.  Pfahler.  I  can  confirm  everything  Dr. 
Christie  has  said  in  Iiis  paper.  I  have  treated 
about  200  cases.  Three  were  operated  on, 
and  I  am  not  willing  to  admit  that  they  had  to 
be  operated  on.  In  fact,  I  think  they  did 
not.  One  of  these  3  cases  was  operated  on 
because  the  patient  was  in  the  hospital  and  it 
meant  too  long  a  stay  in  the  hospital  to  wait 
for  cure  by  the  x-rays.  The  other  2  cases  were 
not  willing  to  wait  for  results  and  were  operated 
on.  One  patient  developed  recurrence  which 
could  not  be  controlled,  and  the  patient  died. 
Another  patient,  a  very  acute  case,  showed  no 
response  and  died  about  a  month  after  begin- 
ning treatment.  That  patient,  however,  was 
inoperable  from  the  beginning. 

I  would  urge  the  importance  of  covering 
up  the  arytenoid  cartilage  of  the  Iaryn.x.  In 
that  way  you  will  prevent  some  of  these 
disagreeable  attacks  of  hoarseness  which  some- 
times develop. 

The  technique  which  Dr.  Whidman  and  I 
have  been  using  is  very  similar  to  the  one 
described  by  Dr.  Christie.  We  usually  treat 
through  four  areas:  one,  having  the  patient 
lie  on  back,  dividing  into  median  line,  sending 
dose  across  from  left  side  directed  downward 
so  as  to  catch  the  thymus,  and  likewise  from 
the  opposite  side;  then  turning  patient  on 
face  and  giving  two  doses  from  behind,  also 
directed  downward.  That  enables  us  to  reach  the 
deeper  portions  of  the  gland.  ^Ve  usually  begin 
with    i2-min.    exposure   at    lo-in.    distance,   6 
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mm.  filter,  5  ma.,  9-in.  spark-gap.  After  the 
first  exposure  we  usually  reduce  the  time  to 
10  min.  We  have  not  treated  any  with  the 
high  voltage,  and  I  do  not  think  we  will.  The 
results  are  so  uniformly  satisfactory  to  every- 
one that  we  have  no  reason  to  change,  and  the 
fact  that  the  number  of  patients  is  continually 
increasing  and  that  patients  are  constantly 
referring  new  ones,  shows  that  the  work  is 
probably  based  on  a  solid  foundation. 

As  I  say,  there  have  been  only  one  recurrence 
and  two  deaths  out  of  approximately  200 
cases,  and  in  the  case  of  one  of  these  deaths  the 
patient  could  not  be  operated  on.  Therefore, 
we  can  bear  out  the  statement  made  by  Dr. 
Christie  that  there  is  no  mortality  from  the 
treatment  itself. 

Dr.  Dunham.  I  wish  to  add  my  apprecia- 
tion of  this  magnificent  paper  of  Dr.  Christie. 

There  is  only  one  point  on  which  I  would  take 
issue,  and  that  is  the  time  of  stopping  treat- 
ment. He  wants  to  stop  after  five  or  six  treat- 
ments. Personally,  I  do  not  think  that  is  enough. 
I  know  my  failures  would  have  been  numerous 
had  I  followed  that  regime. 

The  point  I  wish  to  bring  to  your  attention  is 
that  as  ^-ray  men  giving  a  new  treatment  we 
have  been  too  much  on  the  defensive.  We  have 
listened  very  keenly  and  properly  for  a  long 
time  to  the  criticisms  of  the  surgeon,  but  .v-ray 
treatment  of  hyperthyroidism  has  reached  the 
point  where  we  do  not  have  to  apologize;  when 
we  can  stand  and  say  that  many  more  cases 
have  to  be  treated  by  .v-ray  after  operation  than 
have  to  be  operated  on  after  x-ray  treatment. 

I  have  had  2  cases  operated  upon  since  1903 
by  surgeons.  They  absolutely  were  taken  away 
from  me  by  the  surgeon  who  told  them  that 
if  they  had  another  treatment,  he  would  not 
think  of  operating. 

I  do  not  know  the  malignant  thyroids.  I 
cannot  tell  you  how  many  patients  might  have 
had  this,  except  for  the  treatment,  or  how  soon 
I  am  going  to  have  such  a  case  in  spite  of  the 
treatment,  but  I  have  had  no  such  case. 

What  I  have  had  is  cases  that  have  become 
temporarily  insane — they  went  all  to  pieces. 
One  had  to  be  confined,  but  that  case  improved 
and  got  better,  the  tumor,  tremor  and  exoph- 
thalmus  almost  disappearing.  He  is  so  much 
better  that  his  physician  advises  against 
further  x-ray  as  well  as  operation.  He  is  not 
cured.  Fortunately,  none  of  my  cases  so  far 
have  died.  There  is  a  long  series  over  a  long 
time  that  have  become  practical  cures.  The 
cases  which  have  followed  my  advice  represent 
what  I  estimate  as  100  per  cent  cures. 

Two  cases  have  gotten  awa\-  from  me  because 
they  were  stolen — not  because  they  had  any 
right  to  go,  not  because  I  sent  them  to  the 


surgeon,  and  not  because  they  particularly 
wanted  to  go.  It  was  because  they  were 
frightened  into  going,  and  that  in  itself  is  a 
crime.  Cases  of  toxic  goiter  should  never  be 
frightened.  Rest  and  everything  else  is  a  small 
matter  compared  to  the  avoidance  of  fright  in 
a  patient  suffering  from  hyperthyroidism. 
Scare  them,  and  the  basal  metabolic  rate  shoots 
up  in  an  alarming  manner. 

Another  thing  I  want  to  call  to  your  atten- 
tion. That  is  that  you  should  not  accept  young 
girls  for  treatment  who  have  )ust  a  little  enlarge- 
ment of  the  thyroid  and  rapid  pulse.  These 
symptoms  become  adjusted  in  a  little  while, 
and  they  do  not  need  .v-ray  treatment  or 
surgery.  There  are  a  number  of  such  cases 
being  operated  on  today  by  our  surgeons,  and 
I  want  to  say  to  you  that  I  believe  the  surgical 
attitude  is  something  we  ought  to  look  into 
and  resent. 

The  basal  metabolic  rate  is  one  of  the  most 
valuable  tests  we  have — that  and  the  pulse. 
Plummer  has  called  to  our  attention  the  cycles 
through  which  these  cases  pass — better; 
worse;  better;  worse.  At  one  time  you  get  a 
basal  metabolic  rate  which  is  way  down  and 
you  think  the  case  does  not  need  more  treat- 
ment, and  in  a  week  or  ten  days  it  goes  up 
again.  So  watch  the  phase  of  the  cycle  in  which 
you  examine  your  patient.  That  patient 
requires  not  only  the  management  of  which 
Dr.  Christie  speaks,  but  also  the  strength  of 
your  personality  and  assurance  from  the  time 
that  you  take  charge  of  the  case  until  treat- 
ment is  complete.  Encourage  your  patient,  and 
have  him  come  back  to  you  the  verj'  moment 
he  is  discouraged,  even  if  it  is  not  time  for 
another  treatment. 

The  treatment  of  exophthalmic  goiter  and 
hyperthyroidism  by  the  x-ray  is  as  marvelous 
as  anything  I  know,  next  to  the  treatment  of 
carbuncles,  and  I  believe  that  no  case  should 
be  operated  upon. 

Dr.  Gray.  I  think  this  paper,  if  published 
in  the  Southern  Medical  Association  Journal, 
will  be  the  most  valuable  of  any  article  ever 
published  by  that  Journal;  that  is,  so  far  as 
roentgenology  is  concerned. 

I  can  see  in  this  paper  the  processes  that 
took  place  in  tiie  mind  of  Dr.  Groover,  who 
was  chairman  of  the  Radiological  Section  of  the 
Southern  Medical  wiiicii  met  in  Chattanooga 
last  November.  We  had  a  joint  meeting  of  the 
radiologists  and  the  surgeons.  Dr.  George 
Holmes  was  scheduled  to  hold  up  the  side  of 
radiotherapy  in  the  treatment  of  the  thyroid, 
and  Dr.  Crile,  the  surgical  side.  Dr.  Crile 
opened  the  discussion.  After  describing  his 
procedure  and  stating  the  results,  he  threw  on 
the   screen    a    chart    of    1,000   operations   for 
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hyperthyroidism;  500  were  thyroidectomies 
and  500  were  ligations,  with  a  mortahty  of 
5/10  of  I  per  cent  about  evenly  distributed 
between  the  two. 

He  apologized  for  the  next  slide  he  showed 
and  stated  that  he  did  not  show  it  for  the 
appearance  of  the  skin  but  in  illustration  of 
the  fact  that  .v-ray  made  a  thyroidectomy  much 
more  difficult.  It  happened,  however,  that  the 
slide  he  showed  was  a  typical  exophthalmic 
goiter  with  bulging  eyes,  etc.,  but  the  skin 
below  tiie  neck,  (well  below  the  thyroid) 
extending  to  the  middle  of  the  chest  had 
been  terriblj'  burned.  The  next  slide  was 
similar. 

These  were  illustrations  of  the  difficulty 
surgeons  experienced  in  operating  on  thyroid 
glands  after  .\-radiation,  but  not  Jor  the  purpose 
of  showirtg  any  bad  effects  on  the  skin. 

The  vast  majority  of  the  audience  were 
surgeons.  Dr.  Holmes  came  on  with  his  usual 
modest  manner  and  gave  the  results  of  the 
investigations  of  the  Thyroid  Commission  of 
the  Massachusetts  General  Hospital. 

Nobody  was  allowed  to  ask  Dr.  Crile  how 
many  of  the  cases  which  he  had  operated  on 
had  come  to  x-ray  treatment  afterwards.  In 
my  own  experience  I  have  had  many  more 
post-thyroidectomy  cases  to  treat  than  I  have 
had  go  from  me  to  the  surgeon. 

I  think  I  was  one  of  the  earlier  men  to  treat 
hyperthyroidism;  and  in  Dr.  Pfahler's  report 
there  are  several  cases  that  I  treated  before 
we  began  filtration.  I  do  not  know  how  many 
cases  I  have  cured  permanently.  I  began  the 
treatment  back  in  the  early  days. 

My  trouble  is  that  the  patient  is  referred  to 
me  by  a  surgeon  perhaps  because  some  pressure 
has  been  brought  to  bear  upon  him  for  some 
other  treatment  than  surgery.  The  patient  is 
his,  not  mine,  and  I  am  serving  under  him 
in  a  way,  and  if  improvement  is  not  as  he 
thinks  it  should  be,  he  takes  the  patient  and 
operates. 

I  have  had  some  cases  that  I  myself  thought 
were  very  much  better  for  operation  than  for 
radiation. 

My  technique  is  almost  identical  with  that 
of  Dr.  Christie,  except  for  a  little  difference  in 


distance;  I  work  at  10  inches  and  give  a  little 
more  time. 

I  have  in  mind  one  of  the  best  results  I  have 
ever  obtained — a  young  woman  of  about 
thirty-eight  years  of  age,  who  had  had  a  lobec- 
tomy. She  was  temporarily  relieved,  but  a 
recurrence  took  place  and  she  was  the  most 
miserable  individual  I  have  ever  seen;  she  had 
little  or  no  exophthalmos  but  was  very  nervous; 
in  fact,  there  was  a  question  of  sending  her  to 
an  asylum.  When  she  came  to  the  office  she 
could  not  endure  having  a  light  protection 
shield  touch  her  face.  About  six  treatments  have 
gotten  that  young  woman  into  the  condition 
that  enabled  her  to  say  to  me  just  two  weeks 
ago  that  she  thought  her  life  had  been  abso- 
lutely saved,  as  well  as  her  mentality,  bj' 
the  treatment  I  had  given  her. 

Dr.  Christie  (closing  discussion).  I  would 
like  to  mention  a  point  spoken  of  by  Dr. 
Dunham.  I  over-emphasized  in  my  paper  that 
we  tried  to  stop  at  about  the  fourth  treatment. 
We  do  not  always  stop  at  four  treatments,  but 
that  is  one  of  the  great  advantages  of  having 
general  observation  of  your  patient.  If  you 
will  watch  your  patient  with  great  care  and 
have  a  basal  metabolic  rate  done  often  enough, 
and  watch  the  pulse  and  weight,  you  can  afford 
to  wait  a  little  while.  It  is  just  at  this  time, 
about  the  fourth  treatment,  that  we  are  likely 
to  be  most  discouraged  in  the  treatment  of  this 
disease.  If  we  wait,  we  will  find  the  patient 
improved  and  then  it  is  not  necessary  to  give 
treatments  so  often.  If  we  persist  in  giving 
numerous  treatments,  we  will  get  the  skin 
changes  that  come  wdth  the  treatments,  and  if 
it  happens  that  the  case  finally  does  go  to 
operation,  then  we  get  fibrosis,  etc.  We  must 
admit  that,  I  think. 

The  most  important  point  to  be  emphasized 
is  that  the  general  management  of  cases  must 
come  home  to  us,  and  we  must  take  our  cases 
in  charge  and  actually  treat  them  ourselves,  or 
at  least  see  that  they  get  proper  general 
management;  that  we  do  not  permit  the 
internist  to  send  them  for  a  dose  of  x-ray,  and 
ignore  them  afterwards.  We  are  apt  to  have  a 
great  many  failures  and  bring  x-ray  into 
disrepute  bj-  such  means. 


PROTECTIVE  FACTORS  IN  MODERN   HIGHLINE 

X-RAY  WORK 

BY    ALBERT    SOILAND,    M.D. 

LOS    ANGELES,    CALIFORNIA 


''I^HE  incentive  for  American  participa- 
J-  tion  in  higli  voltage  x-ray  work  came 
from  Europe  where,  during  the  late  war, 
intensive  studies  were  undertaken  along 
this  line.  Among  achievements  of  those 
who  have  contributed  to  this  literature, 
Dessauer's  work  may  be  alluded  to.  He  has 
built  up  ample  transformers,  and  from 
these  has  measured  wave-lengths,  com- 
puted intensities,  plotted  absorption  curves, 
and  calibrated  various  filters.  He  has  also 
described  fully  the  biological  reactions 
with  varying  intensities  up  to  the  capacity 
limit  of  his  apparatus.  The  result  of  four 
years'  clinical  work  abroad  with  similar 
transformers  has  been  highly  stimulating 
to  many  medical  men  and  is,  in  a  large 
measure,  responsible  for  the  active  interest 
now  being  taken  in  broadcasting  this  work 
in  America. 

Following  established  custom,  the  Ameri- 
can scientist  was  not  satisfied  with  the 
voltage  obtained  by  his  European  confreres, 
so  he  immediately  bent  his  energies  to 
furnish  us  with  apparatus  which  materially 
increases  the  volt  ratio  over  that  used 
abroad;  in  fact,  the  voltage  obtained  is  even 
higher  than  that  which  can  be  accommo- 
dated by  the  present  types  of  hot  cathode 
tubes. 

The  next  factor,  then,  which  engineering 
skill  must  face  is  to  produce  successfully 
tubes  which  will  enable  us  to  use  the 
available  high  line.  Voltages  over  200,000, 
owing  to  the  line  stress,  have  the  awkward 
habit  of  producing  electrodynamic  surges 
from  occasional  high  peaks,  acting  very 
much  like  cross  seas  in  a  heavy  swell,  the 
usual  result  being  a  punctured  tube. 

The  subject  of  high  voltage  x-radiation 
is  already  assuming  such  magnification 
that,  in  a  single  short  contribution,  only  a 
few  fundamental  facts  can  be  considered. 
The  evolution  of  this  new  therapy  will 
have  to  be  followed  slowly,  carefully  and 
with  infinite  patience.  It  will  take  years 
before  one  can  be  at  all  sure  of  the  physio- 
logical responses,  delayed  reactions,  and 
terminal  effects.  Our  greatest  cfiorts  should 


be  directed  toward  a  standardization  of 
procedure,  so  that  a  compendium  of  reli- 
able data  may  in  time  be  available. 

One  of  the  outstanding  factors  in  radiol- 
ogy today  is  the  problem  of  adequate 
protection,  not  only  from  the  energy  of 
radiation,  but  also  from  the  high  poten- 
tial electrical  current.  This  latter  takes  on 
added  importance  when  it  is  applied  to 
the  installation  of  apparatus  that  requires 
a  voltage  of  200,000  or  more,  for  its  opera- 
tion. To  protect  securely  both  patient 
and  operator  from  any  danger  of  contact 
with  this  line  is  a  problem  of  no  small 
proportions.  Especially  is  this  matter 
pertinent  owing  to  the  multiplication  of 
high  voltage  installations  now  going  on 
in  air  parts  of  the  world.  It  is  true  that 
death  has  not  been  frequent  from  contact 
with  one  side  of  the  line  carrying  energy 
to  the  universal  type  of  tubes,  running  all 
voltages  not  in  excess  of  100,000,  although 
you  will  recall  that  there  have  been  deaths 
from  such  contact.  It  is  when  this  voltage 
is  more  than  doubled  that  the  question 
assumes  a  sinister  aspect,  and  this  is  the 
situation  which  you  and  I  will  be  called 
upon  to  meet  and  conquer.  One  also  must 
fully  realize  his  personal  obligation  to 
humanity  when  creating,  by  means  of 
higher  voltages,  an  energy  as  yet  unmeas- 
ured, both  qualitatively  and  quantita- 
tively; an  energy  termed  by  the  writer 
"super-radiation,"  our  knowledge  of  which 
is  at  present  pitifully  elementary.  We  do 
know,  however,  that  a  single  vacuum  tube, 
under  such  stimulus,  is  capable  of  pro- 
jecting an  enormous  volume  of  x-radiation 
very  closely  related  in  ethereal  form  to  the 
gamma  radiation  from  radium. 

Today,  modern  engineering  skill  has 
produced  for  us  apparatus  which  with 
mechanical  certainty  will  generate  radia- 
tion energy  practically  unlimited  in  range 
and  scope.  The  apparatus  is  so  constructed 
and  assembled  that,  by  merely  turning  a 
switch,  this  unseen  and  insensible  energy 
may  be  dispersed  through  space,  there 
either  to  renew  or  destroy  life,  according 
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to  the  operator's  ability  to  control  the 
forces  at  his  command.  Knowing  this,  it 
is  paradoxical  that  there  is  in  this  country 
no  specific  law  to  prevent  any  person, 
irresponsible  or  otherwise,  who  has  suffi- 
cient funds  with  which  to  purchase  such  an 
apparatus,  from  using  the  same  indis- 
criminately. It  is,  therefore,  imperative 
that  we  who  are  vitally  interested  in  this 
work  should  protect  it  from  all  hazards  to 
the  best  of  our  scientific  and  personal 
ability. 

The  transformer  which  energizes  an 
.v-ray  tube  for  deep  treatment  has  a 
potential  force  which  varies  from  two  to 
three  hundred  kilovolts.  To  come  into  con- 
tact with  any  part  of  this  high  line  would 
mean,  almost  invariably,  sudden  death. 
This  takes  on  a  more  somber  meaning  when 
applied  to  many  of  the  present-day  high 
tension  installations  which  are  so  mounted 
that  a  patient  under  treatment  can,  by  a 
careless  movement,  come  into  actual  con- 
tact with  the  line  at  several  points. 

The  employment  of  high  voltage  x-rays 
in  routine  work  brings  with  it  a  twofold 
responsibility.  In  the  first  place,  both  the 
patient  and  the  operator  must  be  shielded 
from  the  effects  of  the  more  powerful 
x-rays  we  are  now  employing,  and  sec- 
ondly, all  possible  opportunity  must  be 
excluded  for  either  patient  or  operator 
coming  into  contact  with  the  high  voltage 
line. 

Preventing  the  wandering  of  stray  rays 
and  confining  the  radiation  to  the  desired 
path  is  relatively  simple;  but  it  requires 
lead,  in  fact  a  great  deal  of  lead.  To 
obtain  adequate  metallic  protection  equiv- 
alent to  I4  in.  lead,  and  to  allow  space 
for  operating  up  to  300,000  volts  requires 
about  1,000  lbs.  per  tube. 

Protecting  the  patient  or  operator  from 
the  high  tension  line  can  only  be  accom- 
plished with  perfect  safety  in  one  way. 
The  high  tension  wires  must  clear  all 
objects  by  an  air  space  equivalent  to  }4 
more  than  the  full  sparking  voltage,  and 
a  grounded  conducting  shield  must  inter- 
vene between  the  wiring  and  all  persons 
who  may  approach  it. 

This  is  exceptionally  true  of  the  writer's 
installation  where  auto-transformer  con- 
trol is  used  on  the  high  voltage  apparatus. 


and  no  resistance  whatever  is  included 
in  the  circuit.  This  arrangement  has  made 
it  possible  to  maintain  effective  standard- 
ized operation,  and  several  tubes  may  be 
run  at  once  from  the  same  apparatus 
without  appreciable  line  fluctuation,  but 
it  makes  necessary  an  even  greater  atten- 
tion to  safety,  as  the  power  of  an  electrical 
shock  from  this  equipment  is  almost 
beyond  calculation. 

To  meet  the  condition  of  full  x-ray 
protection  from  any  high  voltage  opera- 
tion, so  much  lead  is  required  that  it 
appears  to  the  writer  impractical  to 
attempt  a  mobile  tube  unit;  therefore, 
the  patient  is  moved  and  the  tube  mounted 
stationary. 

A  happy  combination  of  high  voltage 
and  x-ray  protection  has  been  devised  by 
placing  the  tube  under  a  bridge  deck  and 
liberally  surrounding  it  with  lead.  The 
rays  are  emitted  upward  through  a  variable 
orifice  and,  through  suitable  filters,  reach 
the  patient.  There  is  also  a  diaphragm 
opening  provided  in  the  front  face  of  the 
deck,  through  which,  by  simply  rotating 
the  tube,  the  stream  may  be  directed  to 
a  patient  who  is  in  the  sitting  posture. 
It  is  advisable,  however,  to  make  use  of 
this  portal  only  when  absolutely  necessary 
in  order  to  avoid  pointing  the  ray  beams 
toward  the  operator  or  observer.  It  is, 
of  course,  possible  to  protect  against 
this  contingency  also,  but  it  adds  to  the 
existing  complications. 

It  will  be  found  that  nearly  all  conditions 
can  be  met  successfully  by  placing  a 
movable  couch,  which  supports  the  patient, 
above  the  tube.  This  gives  a  constant 
skin  target  distance.  A  small  plumb 
bob  suspended  from  a  swinging  bracket 
above  the  patient  serves  to  locate  the 
focal  point  of  the  tube,  and  the  couch  can 
be  readily  moved  until  the  area  desired 
is  in  juxtaposition  with  the  central  ray. 

Not  the  least  important  in  this  whole 
arrangement  is  the  total  freedom  of  move- 
ment permitted  both  patient  and  operator, 
there  being  no  possible  chance  of  a  contact 
with  any  part  of  the  high  line.  In  addition, 
the  tube  is  suspended  in  a  spacious  cham- 
ber connected  with  outside  air  and  com- 
pletely insulated  from  operating  room. 
This  obviates  the  necessit\'  of  fans,  and 
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prevents  any  of  the  noxious  oxides  or 
other  electrical  adjuvants  from  reaching 
the  patient;  a  point  to  be  remembered 
when  thinking  of  the  usual  position  of  the 
patient  lying  under  an  ordinary  overhead 
installation,  particularly  of  the  heavy  and 
comphcated  varieties. 

In  the  writer's  laboratory,  tubes  are 
working  at  a  potential  pressure  of  220,000, 
measured  and  checked  by  the  engineers' 
standard  sphere  gap  device  for  effective 
voltage,  in  addition  to  the  available 
penetrometers,  iontoquantimeters  and 
similar  instruments.  It  is  possibly  needless 
to  say  that  the  most  painstaking  care  is 
exercised  when  employing  this  voltage 
under  working  conditions.  In  addition  to  a 
personal  attendant  at  the  board,  we  employ 
a  reliable  time-switch  arrangement  con- 
nected with  two  loud-toned  gongs  which 
automatically  strike  when  the  treatment 
period  is  concluded.  The  reason  for  having 
two  such  gongs  is  merely  in  case  one  should 
mechanically  fail  to  operate. 

Another  important  factor  we  employ  is 
a  reliable  magnetic  circuit-breaker.  This 
may  be  adjusted  so  as  to  break  contact 


the  moment  any  unexpected  surge  or 
high  peak  wave  develops.  This  circuit- 
breaker  may  not  only  save  one  from 
physical  injury,  but  also  obviates  the 
necessity  of  replacing  costly  tubes  and 
broken-down  transformers. 

Much  profitable  time  could  be  spent 
on  an  elaboration  of  many  of  these  factors, 
but  as  you  are  all  familiar  with  most  of 
the  protective  and  safety  devices  which 
enter  into  the  installation  and  operation 
of  a  modern  plant  for  deep  roentgen 
therapy,  it  will  be  omitted. 

It  is  much  too  early  to  state  positively 
what  we  may  expect  in  deep  malignan- 
cies, and  sufficient  time  has  not  yet  elapsed 
to  enable  us  to  obtain  enough  cases  for 
final  determination.  Conservatively,  it 
may  be  stated  that  from  present  indica- 
tions we  have  more  than  mere  theoretical 
grounds  for  optimism.  If,  in  the  course  of 
this  preliminary  presentation,  you  have 
realized  that  the  subject  under  discussion 
merits  not  only  your  respect,  but  also 
your  unqualified  interest  and  support, 
then  a  scientific  future  for  deep  roentgen 
therapy  may  be  confidently  expected. 


THE  BACTERIOLOGY  OF  IRRADIATED  TONSILS* 

BY   H.   J.   ULLMANN,   M.D.,   AND   F.   R.   NUZUM,   M.D. 
Santa  Barbara  Cottage    Hospital, 

SANTA  BARBARA,    CALIFORNIA 

"N    1920   Murphyi  reported  tonsils  free     inence    than    other    organisms.     Further 


of  hemolytic  cocci  three  weeks  after 
exposure  to  the  roentgen  ray.  In  all  cases 
either  hemolytic  streptococci  or  staphylo- 
cocci had  been  originally  found.  The  cul- 
tures were  made  from  the  crypts  and 
grown  on  blood-agar.  Later,  in  192 1,  he  and 
Witherbec-^  reported  that  the  common 
organisms  found  in  the  throat  were  unaf- 


work  which  has  divided  streptococci  into 
hemolytic  and  non-hemolytic  varieties 
has  demonstrated  that  the  hemolj'tic 
organisms  are  the  virulent  ones  and  the 
ones  associated  with  clinical  conditions. 
The  most  complete  classification  for 
streptococci  is  that  of  Holman,''  which 
divides  these  organisms  into  sixteen  groups. 


fected  by  roentgen  irradiation,  but  30  of  eight   of  which  are  hemolytic  and  eight 

36    cases  showing   hemolytic  streptococci  non-hemolytic.    We   have,    however,    fol- 

and  staphylococci  became  free  from  these  lowed  a  less  elaborate  but  very  practical 

organisms  by  the  fourth  week  after  treat-  classification,  that  of  T.  Smith  and  J.  H. 

ment.  Price'  states  that  the  roentgen  ray  Brown,"    which    divides    all    streptococci 

disinfects  tonsillar  tissue.  Hickey'  reports  into   four   groups,   depending   upon   their 

fifteen    cures    in    19   cases    of   diphtheria  manner  of  growth   in   blood-agar  plates, 

carriers.  Alpha  hemolytic  streptococci  are  cnarac- 

In  bacteriologic  studies  of  infected  ton-  terized  by  a  small  zone  of  brown  or  green 

sils,  streptococci  have  assumed  more  prom-  discoloration  immediately  about  the  colony. 

•  Read  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Society.  Los  .\ngelcs,  Cahf.,  Sept.  12-16,  1922. 
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Alpha  prime  hemolytic  streptococci  have 
immediately  about  the  colony  a  small 
area  of  incompletely  hemolyzed  red  blood- 
cells.  Beyond  this  is  a  ring  of  complete 
hemolysis.  Beta  hemolytic  streptococci 
is  that  group  which  has  a  zone  of  com- 
plete hemolysis  immediately  about  the 
colony.  This  clear  zone  varies  from  i  to 
4  mm.  in  width.  The  fourth,  or  final  divi- 
sion of  streptococci,  is  the  non-hemolytic 
colonies.  They  appear  as  small,  dark  dots, 
and  produce  no  change  in  the  adjacent 
corpuscles  of  the  media. 

Technique.  Our  procedure  in  cultivating 
the  tonsils  was  as  follows:  A  sterile  swab 
was  drawn  across  the  tonsillar  surface  and 
then  placed  in  i  c.c.  of  sterile  physiologic 
salt  solution.  A  platinum  loop  bent  at  a 
right  angle  near  its  distal  end  was  intro- 
duced into  a  crypt,  withdrawn,  and  dipped 
into  a  second  tube  containing  i  c.c.  of 
sterile  physiologic  salt  solution.  A  few 
drops  of  each  of  these  inoculated  solutions 
were  poured  into  Petri  dishes  and  12  c.c. 
of  liquid  blood-agar  added.  The  Petri 
dishes  were  gently  agitated  until  the  salt 
solution  had  become  well  mixed  with  the 
blood-agar  and  then  put  aside  to  cool, 
after  which  they  were  incubated  for  forty- 
eight  hours.  Streaked  blood-agar  plates 
were  made  from  the  same  material  and 
incubated.  The  plates  were  read  at  the  end 
of  twenty-four  and  forty-eight  hours. 
Bile  solubility  and  the  various  sugar  media 
were  employed  in  making  a  final  classifica- 
tion of  doubtful  colonies. 

Results.  In  a  series  of  218  pairs  of 
pathologic  tonsils  that  had  been  removed 
and  examined  by  the  above  method,  one 
of  us  (Nuzum)'  found  hemolytic  organisms 
in  96.1  per  cent.  Of  the  hemolytic  organ- 
isms, beta  streptococci  were  present  in 
86.1  per  cent;  alpha  in  25  per  cent;  and 
alpha  prime,  or  streptococci  viridans,  in 
32  per  cent.  This  is  in  agreement  with 
recent  findings  of  Davis ^  and  of  Pilot  and 
Pearlman.^" 

Because  of  the  clinical  importance  of 
these  organisms  and  the  frequently 
reported  clinical  benefits  resulting  from 
irradiation  of  tonsils,  the  authors  have 
attempted  to  determine  whether  the  results 
of  radiation  of  tonsillar  flora  were  not 
more  or  less  selective  and  affecting  prin- 


cipally the  pathogens,  and  if  so,  in  what 
percentage  could  bacteriologic  results  be 
expected.  The  number  of  cases  studied 
is  too  small  to  draw  any  hard  and  fast 
conclusions,  and  therefore  this  paper  is 
intended  to  be  in  the  nature  of  a  prelimi- 
nary report. 

Forty  patients  said  chnically  to  have 
infected  tonsils  have  been  studied.  Prior 
to  irradiation,  beta  hemolytic  streptococci 
were  isolated  in  each  instance.  Seventy- 
five  per  cent  had  alpha  organisms,  and  80 
per  cent  had  alpha  prime  organisms.  Non- 
hemolytic or  gamma  streptococci  were 
found  in  40  per  cent  of  the  instances.  The 
explanation  for  all  types  being  found  in 
nearly  every  case  is  that  many  cultures 
were  made  from  time  to  time,  and  during 
the  course  of  cultures  the  various  organ- 
isms were  found. 

Of  the  40  patients  studied  in  this  pre- 
liminary manner,  all  of  whom  received 
treatment,  20,  or  50  per  cent,  for  various 
reasons  did  not  receive  enough  treatment 
to  warrant  making  a  final  decision  as  to 
the  efi^ect  of  the  roentgen  ray  upon  the 
bacterial  flora.  Twenty  did  receive  what  was 
considered  sufficient  treatment.  In  20  per 
cent  of  this  number,  marked  gross  change 
occurred  in  the  tonsils.  In  each  instance 
this  consisted  in  the  marked  shrinking  of 
the  tonsil;  the  crypts  became  everted 
and  shallow;  the  mucous  membrane  cover- 
ing the  tonsil  pale  gray  and  smooth;  and 
the  cultures  from  these  tonsils  became 
negative  for  all  types  of  streptococci.  In 
addition  to  the  tonsils  which  underwent 
marked  gross  change,  a  further  group  of 
35  per  cent  became  negative  for  beta 
hemolytic  streptococci.  These  tonsils 
remained  free  from  these  organisms  up  to 
six  months  following  the  last  treatment. 
None  have  been  cultured  for  a  longer  time 
than  that.  In  several  instances  the  tonsils 
did  not  become  immediately  free  from  beta 
organisms,  even  for  so  long  as  one  month 
after  the  last  treatment,  but  when  the 
patients  were  cultured  at  the  end  of  six 
months  they  were  found  to  be  free.  The 
remaining  45  per  cent  of  the  patients  in 
this  group  presented  no  marked  gross 
change  in  the  tonsils,  and  no  change 
occurred  in  the  bacterial  flora.  Beta  hemo- 
lytic   organisms    were    present    in    every 
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instance  and  alpha  and  alpha  prime  organ- 
isms were  frequently  found. 

The  technique,  with  the  exception  of 
6  cases,  was  that  recommended  by  Wither- 
bee.  With  these  6  the  technique  was  as 
follows:  K.V.P.,  20o;  F.S.D.,  50  cm.; 
port  9  cm.  sq.;  fdter,  Cu  i  mm.,  Al  i 
mm.;  ma.  min.,  first  sitting,  25;  second 
sitting,  35;  third  and  fourth  sittings,  50. 
Forty-eight  hours  elapsed  between  the  sit- 
tings. One  patient  received  two  series  with 
a  n  interval  of  three  months,  the  first  with  the 
Witherbee  technique,  the  second  with  the 
one  described  above.  In  these  6  cases  the 
results  were  exactly  50  per  cent  successful. 
One  of  the  unsuccessful  cases  was  that  of 
the  patient  who  had  had  the  two  series. 

No  relation  between  the  clinical  and 
bacteriological  results  was  observed.  Some, 
whose  throats  had  become  free  of  strepto- 
cocci, said  that  they  could  see  no  difference 
in  the  condition  of  their  throats  following 
treatment.  Others,  who  still  harbored 
pathogens,  were  highly  pleased  with  the 
results.  The  most  interesting  of  these  was 
the  patient  who  had  received  two  series. 
She  states  that  a  tonsillitis  had  always 
followed  or  accompanied  any  acute  infec- 
tion of  the  upper  air  passages,  but  that 
following  radiation  she  has  had  several 
more  or  less  severe  "colds"  without 
tonsillar  involvement.  This  in  spite  of 
our  failure  to  obtain  results  from  a  bac- 
teriological standpoint.  It  would  seem  that 
some  other  explanation  than  that  of  steri- 
lization must  be  found  for  the  clinical 
benefits  observed  in  the  treatment  of  in- 
fected tonsils  by  the  roentgen  ray. 

SUMMARY 

Of  20  cases  receiving  roentgen  irradiation 
of  the  tonsils,  20  per  cent  underwent  a 
marked  gross  change,  became  much 
smaller,  and  remained  free  from  beta 
hemolytic  streptococci.  An  additional  35 
per  cent  became  free  from  beta  hemolytic 
streptococci  and  remained  so  for  six 
months  after  treatment.  Forty-five  per 
cent  still  harbored  these  organisms  follow- 
ing the  entire  series  of  exposures.  No 
difference  in  results  was  seen  between 
those  treated  by  the  Witherbee  technique 
and  those  treated  by  the  technique  de- 
scribed,  and  no  relation  between  clinical 


and  bacteriological  results  was  observed. 
The  series  reported  is  too  small  to  draw 
conclusions  from,  and  it  is  hoped  that  a 
larger  series  will  be  available  in  the  near 
future. 
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DISCUSSION 

Dr.  Remer.  I  was  very  glad  to  hear  Dr. 
Uliman  say  that  often  within  a  month  you 
still  find  microorganism,  and  that  it  is  fre- 
quently a  month  or  two  before  those  micro- 
organisms have  disappeared. 

Dr.  Ullman  (closing  discussion).  The 
point  that  we  are  trying  to  bring  out  evidently 
is  that  while  there  is  a  difference  in  the  sus- 
ceptibility of  the  various  organisms  to  radiation, 
the  results  obtained  are  more  apparent  than 
real.  We  have  found  in  culturing  that  perhaps 
they  will  be  sterile  or  nearly  sterile  for  patho- 
gens in  early  cultures,  then  clear  again,  then 
become  sterile  again.  We  have  had  some  become 
sterile  immediately,  then  become  infected 
again.  Before  this  can  be  answered  I  think  we 
should  take  cultures  of  most  of  them  that  have 
been  radiated  every  week  or  t\\  o  for  six  months 
and  see  if  there  is  not  a  normal  curve.  There  is 
less  bacteria  at  one  time  than  at  another.  If 
the  pathogens  arc  more  susceptible,  then  the 
patients  who  have  received  marked  benefit 
should  have  fewer  of  those  pathogens.  There 
is  no  relation  between  the  clinical  results; 
some  who  are  benefited  still  have  pathogens, 
and  vice  versa. 


MEASUREMENT  OF  DOSAGE  BY  MEANS  OF 
IONIZATION  CHAMBERS* 

BY    WILLIAM    DUANE,    PH.D.,  SC.D. 

Professor  of  Biophysics,  Harvard  University 

BOSTON,    MASSACHUSETTS 


''P^HE  fact  that  different  .v-ray  plants 
-1  produce  x-rays  of  different  intensities 
and  effective  wave-lengths  even  though 
they  may  be  running  at  the  same  voltage, 
as  estimated  by  a  sphere-gap,  and  with 
the  same  current  through  the  tube,  indi- 
cates that  we  must  use  a  method  of  measur- 
ing something  connected  with  the  .x-ray 
beam  itself,  if  we  wish  to  get  rehable 
estimates  of  dosage. 

Variations  of  40  per  cent  and  more  in 
the  intensity  of  the  x-rays  projected 
through  the  same  filter  and  at  the  same 
distance  from  the  tube  with  different 
machines  are  not  uncommon,  and  in 
extreme  cases  one  machine  may  produce 
twice    as    much    x-radiation    as    another. 

Without  doubt,  ionization  chambers 
provide  us  with  the  most  reliable  methods 
of  measurement,  at  present.  Ionization 
chambers,  however,  are  by  no  means 
perfect,  and  great  care  must  be  exercised 
in  employing  them. 

I  purpose,  in  this  discussion,  to  de- 
scribe the  method  we  are  using  and  to 
call  attention  to  certain  pitfalls  into  which 
one  is  apt  to  stumble,  hoping  that  this 
may  prove  of  use  to  those  of  you  who 
are  using  ionization  chambers,  or  who  may 
be  planning  to  purchase  them. 

When  a  beam  of  x-rays  passes  through 
a  gas,  such  as  air,  it  splits  up  the  molecules 
of  a  gas  into  particles  (called  ions),  some 
of  which  carry  a  positive  charge  of  electric- 
ity, and  others  a  negative  charge.  If  left 
alone,  these  particles  will  recombine  with 
each  other,  owing  to  the  attraction  of 
those  charged  positively  for  those  charged 
negatively.  By  applying  an  electric  force 
to  the  ionized  gas,  however,  we  can 
separate  the  positively  charged  particles 
from  the  negatively  charged  ones.  For 
instance,  suppose  that  the  ionized  air 
lies  between  two  parallel  metal  plates,  oneof 
which  is  connected  to  the  positive  pole  of  a 
battery   and   the   other   to   the    negative 


pole.  Under  these  conditions  the  positively 
charged  plate  attracts  the  negatively 
charged  ions  and  draws  them  to  it  out 
of  the  air;  similarly,  the  negatively  charged 
plate  attracts  the  positively  charged  ions 
and  pulls  them  out  of  the  air  in  the  oppo- 
site direction.  Thus,  the  battery  produces 
a  current  of  positive  electricity  through  the 
air  in  one  direction  and  a  current  of  nega- 
tive electricity  through  the  air  in  the 
opposite  direction.  This  current  may  be 
measured  by  a  galvanometer  suitably 
placed  in  the  electrical  circuit.  We  may 
use  the  electrical  current  as  measured 
by  the  galvanometer  as  an  indication 
of  the  intensity  of  the  x-ray  beam,  for, 
in  general,  a  strong  beam  of  x-rays  pro- 
duces a  larger  number  of  pairs  of  ions 
than  does  a  weak  one. 

The  electrical  current,  as  measured 
by  the  galvanometer,  however,  will  not 
give  reliable  estimates  of  the  intensities 
of  x-ray  beams  unless  in  each  case  the 
electrical  force  acting  on  the  ions  suffices 
to  remove  practically  all  of  them  before 
they  have  time  to  recombine  with  each 
other.  For  example,  if  two  equal  and  similar 
beams  of  x-rays  pass  through  the  air 
between  the  plates,  the  current  will  not 
be  twice  as  great  as  that  due  to  one  beam 
alone,  if  an  appreciable  number  of  ions 
recombine  with  each  other  before  they 
reach  the  plates;  for  with  the  two  beams 
passing  through  the  air,  twice  as  many 
pairs  of  ions  are  produced  per  second 
as  with  one,  and  there  is  a  much  greater 
chance  for  the  ions  to  recombine  with 
each  other.  Those  ions  which  recombine 
cease  to  produce  their  share  of  the  electri- 
cal current.  If,  however,  the  electromotive 
force  of  the  battery  produces  an  elec- 
trical force  on  the  ions  of  sufficient  magni- 
tude to  remove  practically  all  of  them 
before  they  have  time  to  recombine, 
then  the  electrical  current  due  to  two 
equal,    similar   beams   of  x-rays    will   be 


*  Read  at  the  Midwinter  Meeting  of  the  Eastern  Section  of  The  American  Roentgen  Ray  Society, 
Atlantic  City,  N.  J..  Jan.  25-27.  1923. 
Discussion  on  this  article  will  appear  in  June. 
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twice  as  great  as  that  due  to  one  of  them 
alone.  In  this  case  we  may  take  the  currents 
as  proportional  to  the  intensities  of  x-ray 
beams. 

If  the  electric  force  acting  on  the  ions 
suffices  to  remove  practically  all  of  them 
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before  they  can  recombine,  the  ionization 
current  is  said  to  be  saturated.  Only 
saturated  ionization  currents  should  be 
used  to  measure  x-ray  beams. 

In  some  ionization  chambers  great  diffi- 
culty may  be  encountered  in  producing 
the  saturated  current;  in  other  cases, 
a  small  battery  may  produce  such  satura- 
tion. I  will  illustrate  these  points  by 
describing  several  experiments,  in  some 
of  which  I  could  easily  produce  a  saturation 
current  and  in  others  of  which  the  batteries 


at    my    disposal    were    not    sufficient    to 
saturate  the  current. 

The  diagram  in  A  (Fig.  i)  represents 
a  hollow,  metal  cylinder,  closed  at  one 
end,  with  a  rod  lying  along  the  axis  of 
the  cylinder,  the  cylinder  being  Joined 
to  a  battery  and  the  rod  to  a 
galvanometer,  and  the  other 
pole  of  the  battery  being  con- 
nected to  the  galvanometer  so 
as  to  form  a  complete  electrical 
circuit.  The  cylinder  and  rod  lie 
in  a  closed,  glass  vessel,  as 
indicated. 

On  sending  a  beam  of  .v-rays 
through  this  ionization  chamber 
and  on  changing  the  number  of 
cells  in  the  battery,  that  is,  on 
changing  the  voltage  applied  to 
the  cylinder,  a  number  of  differ- 
ent currents  through  the  chamber 
were  obtained.  The  curve  in  A 
(Fig.  i)  gives  the  readings  of 
the  galvanometer  at  different 
voltages  applied  to  the  cylinder. 
It  appears  that  on  increasing 
the  number  of  cells  in  the  battery, 
that  is,  on  increasing  the  voltage 
applied  to  the  cylinder,  the 
ionization  current,  as  measured 
by  the  galvanometer,  keeps  on 
increasing  and  does  not  reach  a 
constant  value.  This  means  that, 
as  the  electrical  force  acting  on 
the  ions  increases,  more  and 
more  of  the  positive  ions  become 
separated  from  the  negative  ions 
before  they  have  time  to  re- 
combine.  In  this  case,  how- 
ever, the  electrical  force  applied 
was  never  sufficient  to  remove 
practically  all  fof  the  ions  before 
they  could  recombine  with  each  other.  In 
other  words,  a  saturation  current  was  not 
produced.  An  ionization  chamber  with 
these  characteristics  should  not  be  used  to 
measure  .v-ray  beams.  Cylindrical  ionization 
chambers  of  this  type  should  never  be  used, 
if  the  wire  along  the  axis  of  the  cylinder  is 
very  fine. 

B  (Fig.  i)  represents  an  ionization 
chamber  in  which  both  electrodes  are  metal 
plates,  one  of  them  joined  to  the  battery 
and   the   other   to   the   galvanometer,    as 
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above.  In  this  case,  on  increasing  the 
voltage  applied  to  the  plates  the  curve 
in  B  was  obtained.  This  curve  also  indi- 
cates lack  of  saturation;  for  the  ionization 
current  continues  to  increase  as  the  size 
of  the  battery  increases.  In  this  chamber 
the  metal  plates  did  not  cover  the  entire 
sides  of  the  glass  vessel  containing  them 
and  left  corners  in  the  vessel  from  which 
the  electric  force  was  unable  to  withdraw 
all  of  the  ions.  The  design  of  this  chamber 
illustrates  again  a  kind  of  ionization 
chamber  that  should  not  be  used. 


the  enclosed  air.  In  this  chamber  the  two 
outside  plates  go  to  the  battery  and  the 
inside  one  to  the  galvanometer.  The 
curve  D  (Fig.  2)  indicates  practically 
complete  saturation  by  voltages  above  20 
volts.  For  saturation  purposes  this  chamber 
represents  the  best  tj-pe  that  I  have 
examined.  It  is  the  one  we  are  now  using 
in  our  measurements  of  the  intensities 
and  effective  wave-lengths  of  x-ray  beams. 
As  indicated  above,  the  question  of 
saturating  the  ionization  current  becomes 
one    of   prime    importance.    No    chamber 
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C  in  Figure  2  represents  a  chamber  in 
which  the  parallel  metal  plates  extended  to 
the  ends  of  the  closed  space,  enclosing  the 
air.  They  did  not,  however,  extend  to  the 
sides  of  this  enclosed  space  in  a  direction 
perpendicular  to  the  diagram.  Further, 
one  of  the  plates  joined,  as  indicated,  to  the 
galvanometer  lay  close  to  the  metal  sheet 
wrapped  around  the  chamber  for  protec- 
tion. The  curve  giving  the  current  pro- 
duced by  different  voltages  indicates  a  much 
closer  approach  to  saturation  in  this  case 
than  in  trie  two  preceding  cases.  In  other 
words,  the  design  of  the  chamber  is  better 
than  those  of  the  first  two. 

It  is  not  quite  as  good,  however,  as  that 
represented  by  D  (Fig.  2)  in  which  all 
three    plates    extend    completely    across 


should  be  used  or  purchased  unless  it  has 
been  proved  experimentally  that  the  elec- 
tric force  produces  saturation. 

If  saturation  currents  are  not  obtained, 
the  readings  of  the  galvanometer  do  not 
give  reliable  measurements  of  x-ray  beams. 
Intense  beams  will  produce  relatively 
smaller  deflections  than  they  should,  and, 
vice  versa,  weak  beams  of  x-raj^s  will 
produce  relatively  too  large  deflections. 
Perhaps  some  of  the  exceptionally  high 
depth  dose  readings  obtained  by  certain 
observers  may  be  due  to  the  fact  that  they 
were  not  using  completely  saturated  ioniza- 
tion currents. 

In  order  that  we  may  compare  with  each 
other  measurements  made  in  different 
laboratories  and  in  different  clinics  it  is 
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desirable  to  have  some  standard  unit  of 
.\-radiation  and  some  standard  method  of 
measurement.  The  unit  that  I  have  been 
using  for  the  last  nine  or  ten  years  may  be 
defined  as:  "That  -v-ray  beam  which  would 
produce  one  absolute  electrostatic  unit 
of  current  in  each  cubic  centimeter  of  air 
through  which  it  passes,  provided  that  the 
current  has  its  saturation  value." 

Ionization  chamber  D  (Fig.  2)  does  not 
appear  to  be  suitable  for  measuring  cur- 
rents in  terms  of  this  unit,  for  two  reasons. 
Firstly,  a  large  part  of  the  ionization  arises 
from  the  secondary  rays  produced  by  the 
primary  beam  of  x-rays  in  the  plates  and 

1:? 


Fig.  3.  '^ 

walls  of  the  chamber.  The  secondary  rays 
increase  the  ionization  current  and  the 
readings  of  the  galvanometer  become, 
therefore,  too  high.  This  secondary  ray 
effect  may  b  e  greatly  reduced  by  using  some 
substance  of  low  atomic  weight  in  place 
of  the  metal  plates.  In  the  measurements 
ot  effective  wave-lengths  recorded  In  an 
article  by  Dr.  Hunt  and  myself'  we  used 
sheets  of  thin  paper  with  faint  pencil- 
marksdrawn  across  them.  Theplates,  there- 
fore, were  very  thin  layers  of  carbon.  A  much 
better  method,  however,  is  that  which  I 
have  previously  employed  to  standardize 
the  ionization  chamber  that  we  actually 
used.  In  this  method  I  compared  the  cur- 
rent produced  in  the  chamber  to  be  stan- 
dardized with  that  produced  by  the  same 
beam  of  x-rays  in  a  chamber  so  designed 
that  the  .v-ray  beam  did  not  strike  anything 
inside  the  chamber.  Figure  3  represents  one 
of  these  standard  ionization  chambers. 

1  P/i.v,5.  Rci.,  Auk.  191S.  p.  166. 


The  x-ray  beam  enters  the  chamber 
through  a  hole  of  known  area  and  passes 
between  the  plates  without  striking  them. 
The  plates  are  arranged  in  a  manner  similar 
to  those  in  an  instrument  designed  by  Lord 
Kelvin  and  called  a  guard-ring  condenser. 
One  plate,  connected  with  the  battery 
through  B,  extends  almost  the  whole 
length  of  the  chamber.  The  other  side  of 
the  chamber  is  divided  into  three  sections. 
The  two  end  sections  are  joined  to  the 
outside  metal  casing  of  the  chamber,  which, 
in  turn,  is  connected  to  earth  for  purposes 
of  protection.  The  middle  section  of  the 
side,  insulated  from  the  casing,  is  con- 
nected through  G  to  the  gal- 
vanometer. The  middle  section 
has  a  certain  definite  breadth 
and  draws  its  ionization  cur- 
rent from  an  equal  length  of 
the  x-ray  beam.  Since  the  x-ray 
beam  has  a  definite,  known 
cross-section,  this  means  that 
the  current  going  to  the  gal- 
vanometer comes  from  a  cer- 
tain volume  of  air.  The  volume 
of  air  in  my  instruments  amounts 
to  25  c.c.  If  I  get  from  this  ioniza- 
tion chamber  a  current  through 
the  galvanometer  of  25  electro- 
static units,  then  each  of  the  25 
c.c.  of  air  produces  one  electrostatic  unit  and 
my  beam  has  unit  intensity,  according  to  the 
above  definition  of  unit  beam.  This  is  the 
standard  ionization  chamber  that  we  use 
in  calibrating  the  smaller  chambers  actu- 
ally employed  to  measure  the  x-radiation 
during  treatments. 

There  is  one  important  point  to  be  borne 
in  mind  in  designing  a  standard  ionization 
chamber  of  this  kind.  When  x-rays  produce 
ionization  in  a  gas,  a  certain  amount  of 
secondary  radiation  is  generated  in  the 
atoms  and  molecules  of  the  gas  by  the 
primary  beam.  This  secondary  radiation 
produces  a  large  amount  ot  the  ionization. 
The  secondary  rays,  howe\cr,  tra\el  some 
distance  from  the  path  of  the  primary  beam. 
They  are  of  two  kinds — corpuscular-rays 
and  .v-rays.  The  secondary  x-rays  are  very 
])enetrating  and  traxcl  a  longdistance  from 
the  beam.  The  corpuscular  rays,  however, 
follow  very  crooked  paths,  somewhat  as 
indicated  in  Figure  3,  and  only  a  few  of 
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them  penetrate  to  a  great  distance  from 
the  primary  beam. 

In  1905  I  pointed  out  that  a  correction 
must  be  made  for  the  rays  that  strike  the 
walls  of  a  vessel  and  for  secondary  rays 
coming  from  those  walls,  if  one  wishes  to 
measure  quantities  of  radium  emanation 
by  the  ionization  method.'  The  correction, 
as  determined  by  my  experiments,  proved 
to  be  proportional  to  the  ratio  of  the  sur- 
face of  the  ionization  chamber  to  its  volume. 
As  this  ratio  becomes  very  large  for  small 
volumes  it  indicates  a  certain  disadvantage 
in  using  very  small  ionization  chambers. 


that  it  includes  practically  all  of  the  second- 
ary radiation  coming  from  the  molecules  of 
gas  struck  by  the  primary  beam. 

The  curves  in  Figure  4  represent  the 
ionization  currents  passing  through  two 
of  our  standard  ionization  chambers  of 
different  sizes  when  different  voltages  were 
applied  to  them.  The  curves  indicate 
that  the  current  in  the  smaller  one  became 
saturated  at  about  300  volts  and  that  the 
current  in  the  larger  one  became  saturated 
at  about  500  volts.  When  using  either 
of  these  chambers  I  employ  about  800  volts, 
so  as  to  be  sure  of  their  saturation. 
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Theoretically,  a  standard  ionization 
chamber  should  be  indefinitely  large  so  as 
to  include  all  the  ionization  produced  by 
all  the  secondary  rays.  Practically,  how- 
ever, the  vast  majority  of  secondary  rays 
travel  along  such  crooked  paths  that  they 
do  not  get  very  far  from  the  primary 
beam.  It  is  not,  therefore,  necessary  for 
therapeutic  purposes,  at  least,  to  use  very 
large  standard  ionization  chambers.  Those 
that  I  was  using  nine  years  ago  had 
volumes  varying  from  500  to  2,000  c.c, 
and  this  appeared  to  be  sufficient  for  the 
:)c-rays  that  were  being  produced  at  that 
time  in  practice.' 

In  order  to  test  the  suitability  of  a 
standard  ionization  chamber  it  is  neces- 
sary, firstly,  to  make  sure  that  the  ioniza- 
tion current  is  saturated,   and  secondly, 

'  Compt.  rend,  Acad.  d.  sc  and  J.  de  Physique.  1905. 
'  Friedrich  employs  standard  ionization  chambers  somewhat 
similar  to  those  described  here. 


In  the  experiments  represented  by  the 
curves  in  Figure  4  the  voltage  applied  to 
the  x-ray  tube  amounted  to  about  100,000 
volts,  and  I  was  unable  to  detect  any 
difference  between  the  ionization  current 
in  the  larger  chamber  and  that  in  the 
smaller  chamber.  Either  chamber,  there- 
fore, appeared  to  include  practically  all  of 
the  x-ray  effect  due  to  the  secondary  rays 
coming    from    the    air    in    the    chamber. 

On  using  200,000  volts,  however,  x-rays 
of      much      shorter      wave-length      were 

Eroduced  and  the  secondary  radiation 
ecame  more  penetrating.  In  this  case  I 
found  a  difference  of  about  5  per  cent 
between  the  currents  through  the  two 
chambers.  The  larger  chamber  produced 
the  larger  current.  On  increasing  the 
distance  between  the  plates  of  the  larger 
chamber,  however,  no  perceptible  increase 
in    the    ionization    current    occurred.    It 
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appears,  therefore,  to  be  large  enough  to 
use  as  a  standard,  even  with  rays  produced 
by  200,000  volts.  A  distance  of  10  cm. 
between  the  plates  of  an  ionization  cham- 
ber seems  to  be  sufficient,  if  200,000  volts 
are  applied  to  the  tube. 

It  is,  perhaps  superfluous  to  call  atten- 
tion to  the  fact  that  in  estimating  dosage 
(erythema  dose,  for  instance)  it  is  necessary 
to  measure  the  effective  wave-length  of 
the  beam  as  well  as  its  intensity,  for  the 
amount  of  x-ray  energy  absorbed  by 
the  tissues  depends  upon  the  wave-length. 

These  wave-length  measurements  may 
be  made  with  either  a  standard  ionization 
chamber  or  with  one  of  the  smaller  metal 
chambers.  It  appears,  however,  necessary 
to  standardize  the  smaller  chamber  for 
wave-length  measurements  by  comparison 
with    the    standard    ionization    chamber. 

One  important  feature  of  the  method  I 
am  describing  lies  in  the  fact  that  the  read- 
ing of  the  galvanometer  gives  the  intensity 
of  the  x-ray  beam  and  not  the  total  dose 
received  by  the  patient.  In  order  to  get  the 
total  dose  we  have  to  multiply  the  intensity 
by  the  time  of  exposure. 

The  large,  standard  ionization  chambers 
are  not  suitable  for  measurements  of  the 
intensity  during  a  treatment.  We 
invariably  use  one  of  the  smaller  ionization 
chambers  to  measure  the  intensity  of  the 
beam  received  by  the  patient  several  times 
during  the  treatment.  We  measure  the 
intensity  of  the  rays  at  the  surface  where 
they  enter  the  patient's  body,  and  also 
where  they  emerge.  This  gives  us  an 
estimate  of  the  secondary  radiation  coming 
from  the  patient's  body.  The  estimate, 
however,  is  too  low.  Estimates  may  be 
made  by  means  of  water  phantoms,  placing 
the  small  ionization  chamber  in  the  water 
itself.  This  estimate  is  always  too  high. 
The  real  dose  received  by  the  patient's 
skin  lies  between  the  two.  We  have 
obtained  quite  variable  estimates  of  the 
secondary  radiation  from  diflerent  patients 
made  by  measurements  taken  during  the 
treatments  themselves.  The  secondary 
radiation  appears  to  depend  not  only  upon 
the  size  of  the  portal  of  entry  but  also 
upon  the  size  of  the  patient  and  upon  the 
shape,  content,  etc.,  of  the  portion  of  the 
bocly    radiated.    In    estimating   erythema 


doses  all  of  these  factors  must  be  taken 
into  consideration.  The  safest  method 
appears  to  be  to  make  the  measurements 
while  the  patient  is  actually  being  treated. 

In  many  of  the  ionization  methods  of 
measuring  dosage  one  determines  the 
ionization  current  by  timing  with  a  stop- 
watch the  passage  of  the  leaf  of  an  electro- 
scope across  a  scale.  In  methods  of  this 
kind  some  difficulty  often  arises  in  deter- 
mining whether  the  current  is  saturated 
or  not.  Very  particular  attention  should 
be  paid  to  this  point. 

I  might  mention,  also,  another  very 
common  source  of  error  in  electroscope 
measurements.  In  such  measurements  one 
should  alwaj's  determine  the  "leak"  in 
the  instrument.  This  should  be  done 
with  the  x-ray  tube  running:  for  the 
x-rays  may  produce  ionization  currents 
in  the  electroscope  (if  it  is  not  com- 
pletely protected),  or  in  parts  of  the 
apparatus  other  than  the  ionization  cham- 
ber itself.  Corrections  must  be  made  for 
the  "leak,"  when  it  exists. 

If  one  makes  percentage  depth  dose 
measurements  in  a  water  phantom,  one 
should  determine  the  "leak"  with  the 
ionization  chamber  at  the  surface  of  the 
water,  and  also,  at  the  various  depths 
used  below  it.  Perhaps  the  best  way  to 
measure  the  "leak"  is  to  place  a  thick 
sheet  of  lead  over  the  opening  that  deter- 
mines the  cross-section  of  the  x-ray  beam 
(the  lead  being  thick  enough  to  stop 
practically  all  of  the  x-rays),  and  then 
to  measure  the  current.  The  leak  current 
must  be  subtracted  from  the  ionization 
current  (obtained  after  removing  the  lead 
sheet),  the  two  currents  being  inversely 
proportional  to  the  lengths  of  time  during 
which  the  leaf  in  the  electroscope  moves 
from  one  point  on  its  scale  to  another. 

If  one  measures  percentage  depth  dose, 
the  following  well-known  formula  may 
be  employed  to  correct  for  the  leak. 
With  the  ionization  chamber  at  the  sur- 
face of  the  water  phantom  let  Lo  be  the 
number  of  seconds  corresponding  to  the 
"leak"  (i.e.,  when  the  lead  plate  stops 
the  x-rays)  and  let  To  be  the  number  of 
seconds  corresponding  to  the  ionization 
current  (after  the  lead  plate  has  been 
removed).   Further  let  Li  and  Ti  be  the 
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corresponding  numbers  of  seconds,  when 
the  ionization  chamber  Ues  at  any  dis- 
tance (say  ID  cm.)  below  the  surface. 
The  formula  for  the  percentage  depth 
dose  mav  then  be  written: 


P.D.D.  = 


If  no  correction  be  made  for  leak 
currents,  and  the  depth  dose  is  determined 
simply  by  dividing  one  length  of  time  by 
another,  a  large  error  may  be  introduced. 
In  one  experiment  that  came  under  my 
observation  the  uncorrected  depth  dose 
amounted    to    considerably    over    40    per 
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cent  with  the  tube  running  at  approxi- 
mately 200,000  volts.  When  the  correction 
was  made,  however,  the  measured  depth 
dose  fell  to  about  34  per  cent. 

A  great  many  important  investigations 
have  been  carried  on  in  connection  with 
the  question  as  to  whether  the  biological 
effects  of  x-rays  are  proportional  to  ioni- 
zation currents,  when  rays  of  different 
wave-lengths  are  used.  One  speaks  of 
the  biological  dose.  In  particular  cases 
biological  doses  are  definite  quantities. 
Before  we  can  speak  of  a  biological  dose 
in  general,  however,  it  will  be  necessary  to 
show  by  experiments  that  a  large  number 
of  different  biological  effects  are  pro- 
portional to  each  other,  when  x-rays  of 
different  wave-lengths  produce  the  efifects. 
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CHARTS  and  tables  for  the  distribution 
of  intensity  at  various  depths  in  the 
human  body  have  been  worked  out  for  the 
deep  therapy  treatment  with  roentgen 
rays  for  certain .  types  of  malignant  and 
benign  tumors  of  frequent  occurrence. 
Friedrich'  of  Freiburg  was  one  of  the  first 
to  determine  accurately  the  distribution 
of  depth  intensities;  the  most  comprehen- 
sive work  in  this  line  was  done  by  Des- 
sauer  and  Vierheller-  with  their  well-known 
intensity  charts.  Duane,'*  Bachem^  and 
others  have  made  valuable  contributions 
to  this  work. 

Many  roentgenologists,  working  with 
the  charts  of  Dessauer,  have  experi- 
enced certain  difficulties  in  their  use, 
especially  when  working  with  American 
transformers.  These  difficulties  seem  mainly 
to  be  present  in  measuring  and  comparing 
the  coefficient  of  weakening  /Jwater  with 
which  the  quality  of  the  used  x-ray  bundle 
in  the  Dessauer  charts  is  characterized. 

For  the  most  common  technique  of  deep 
therapy  treatment,  the  distribution  condi- 
tions were,  therefore,  remeasured  for 
American  transformers  (3  different  types 
used)  with  both  an  accurate  small  horn 
ionization    chamber    and    a    photometric 


method  in  a  large  water  phantom.  The 
conditions  were  as  follows:  200  kv.  (peak), 
0.75  mm.  Cu  +  I  mm.  AI.  filter,  ports  of 
entry  20  X  20  cm.  (Fig.  i)  and  10X10  cm. 
(Fig.  2),  50  cm.  focus  skin  distance.  The 
effective  wave-lengtii  according  to  Duane 
under  these  conditions  was  Ku.  =0,15  Au, 
the  coefficient  of  weakening  according  ta 
Dessauer  was  juwater  =  0,180;  both  were 
measured  with  the  Dessauer-Bachem 
electroscope.  The  peak  voltage  at  the  tube 
was  exactly  recorded  by  means  of  a 
spectrogram,  taken  with  the  Seemann 
spectrograph.  The  results  of  the  measure- 
ments are  shown  in  Figure  i  and  Figure  2. 

In  these  diagrams,  points  of  equal  inten- 
sities are  connected  with  each  other.  All 
intensities  in  the  depth  are  expressed  in 
percentages  of  the  total  surface  intensity 
100.  The  curves  are  called  "isodoses,"  a 
name  I  gave  first  to  these  curves  in  con- 
nection with  radium  five  years  ago.'  (The 
name  is  justifiable  when  a  practical  homo- 
geneous x-ray  bundle  and  a  definite  time 
of  radiation  are  adopted.) 

These  isodose  charts  express  all  the 
known  (Friedrich,  Dessauer  etc.,)  features 
of  intensity  distribution  in  the  depth: 
main    intensity    (usually)    in  the   central. 


4o6 


Isodose  Charts 


i^a 

i^m 

/ 

100 

\ 

mm 

1 

r 

\ 

\j^ 

N 

s 

N 

>o, 

r 

,>^>^ 

} 

} 

\ 

1 

— 

I 

\ 

\ 

s 

V, 

•s. 

9n 

v^ 

^ 

9 

0 

^^ 

^ 

^>4' 

nri 

X 

r 

/ 

1 

\ 

\ 

s 

V. 

'^n 

^ 

1^ 

8 

n 

- 

^ 

^ 

,%•' 

^Ct 

^ 

J 

f 

1 

\ 

k 

*r 

.^ 

- 

^ 

0^ 

■\V) 

y 

i 

1 

s 

61 

^ 

7 

0 

— 

"^ 

^ 

d^ 

y 

\l 

f 

\ 

' 

,' 

\ 

'^0 

s 

-* 

•«, 

6 

0 

_^ 

^ 

-^ 

^ 

■>^' 

r 

/ 

, 

\ 

\ 

\ 

r-l 

V 

^ 

^ 

1  r\ 

/ 

\ 

/ 

\ 

\ 

> 

^> 

Nv 

"** 

■^ 

^ 

^ 

— 1 

■— 

•^ 

^ 

^^ 

V 

\ 

H 

•"V 

■v^ 

,x 

*^ 

-i^A 

i 

V 

\, 

^ 

■^ 

4 

Q_ 

,^ 

-- 

7 

\ 

1 

"N 

w 

K 

S 

x 

^ 

L 

f 

^ 

>^ 

^ 

^ 

/q 

\ 

■^ 

-». 

^ 

0 

_», 

.^ 

-* 

/" 

\. 

s 

\ 

/^ 

^ 

\ 

s 

Ns 

/,'  /!«/■ 

;*^ 

S_C<4ACS_ 

/ 

^, 

N 

X 

^ 

■yt 

it  AS 

-,v\ 

I. 

f 

\ 

^ 

•-- 

.^ 

2 

0 

- 

,^ 

1^ 

ri 

.IS  Co 

X 

/ 

\ 

Vrf/ 

«i 

/ 

\ 

/ 

\ 

> 

Uffi 

ct 

i  0. 

Vk 

y 

\ 

/ 

hs 

, 

/ 

J 

Fig. 


^ 

■ 

■1 

_ 

■1 

P* 

f 

100 

. 

H 

■1 

■1 

_ 

_ 

_ 

_ 

'll 

T 

rr 

>% 
K 

^ 

* 

^ 

^i-^ 

n 

/ 

n 

w 

\ 

Y 

■•>T 

^ 

-J5^ 

iV 

L/ 

/ 

/ 

p 

k  > 

''^ 

V 

■^ 

**" 

^ 

^ 

r 

1 . 

/i 

1 

\ 

\ 

V 

:gi 

k 

■*- 

-2 

IL 

> 

X* 

J* 

1 

/ 

/ 

1 

\ 

\ 

,^ 

V 

"s 

^ 

.e 

0. 

*-- 

^ 

^ 

^   - 

I 

/ 

/ 

\ 

» 

■^ 

7 

\ 

s 

V 

t 

f\ 

rfx 

X* 

/ 

y 

T 

^ 

/ 

\ 

7 

\ 

N 

V 

■— 

^ 

&L. 

^ 

/ 

/ 

L 

\ 

^ 

- 

^ 

Q. 

^ 

X" 

r 

/ 

i 

\ 

V 

s 

/ 

y 

/ 

■\ 

\ 

S 

1? 

0 

,^ 

X 

/ 

/ 

> 

1 

^ 

"" 

/ 

i 

r- 

\ 

1 

s 

tl 

4 

/ 

/ 

\ 

J 

V, 

^ 

^ 

a 

^ 

-^ 

/^ 

/ 

N 

/ 

wj 

'OS 

■si 

:m 

?7S 

— 

1 

s 

A 

lo. 

(tiLA 

^ 

> 

^ 

0.7 
/0> 

■  a 

10  < 

.^ 

^ 

^ 

i^ 

( 

m. 

't) 

D 

X'L 

'>ct. 

=      < 

./f 

lu) 

_ 

1 

Fig.  2. 


The  Immediate  Eflect  of  Radium  and  X-Rays  on  Enzyme  Action 


40/ 


beam,  large  differences  in  intensities  of  the 
central  and  edge  beams  at  the  same  depth, 
high  intensities  at  the  side  of  the  direct 
bundle  below  the  lead  screen,  etc. 

These  isodose  charts  are  intended  to  sup- 
ement  the  charts  and  tables  now  in  use. 
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THE  IMMEDIATE  EFFECT  OF  RADIUM  AND  X-RAYS  ON 

ENZYME  ACTION 

BY    S.    CLEMENT    ROTH,    AND    JOHN    J.    MORTON,    M.D. 
Section  of  Surgery,  Yale  University  School  of  Medicine 

new    haven,    CONNECTICUT 


'I'^HE  histological  changes  which  follow 
-L  radiation  of  tissues  are  definite  and  well 
known,  but  the  fundamental  nature  of  the 
processes  involved  is  still  to  be  explained. 
Many  theories  have  been  advocated' 
and  rejected  for  lack  of  experimental 
evidence.  The  enzyme  theory,  however, 
is  one  of  the  most  recent  to  be  offered,  and 
sufficient  data  has  not  been  accumulated 
as  yet  to  test  its  validity. 

Packard,-  who  is  the  sponsor  for  the 
theory,  believes  that  the  action  consists 
in  the  "activating  of  autolytic  enzymes 
which  bring  about  a  degeneration  of  the 
complex  proteids,  etc."  The  work  of 
Richards^  is  quoted  as  showing  experi- 
mental proof  in  favor  of  the  theory. 
He  used  commercial  pepsin  and  the  Mett 
method.  After  exposure  of  the  pepsin  solu- 
tion to  x-rays  for  a  short  (4  min.),  moder- 
ate (10  min.),  and  long  time  (30  min.),  he 
interpreted  his  results  as  acceleration,  no 
effect,  and  inhibition  of  the  peptic  activ- 
ity for  the  above  factors.  He  obtained 
similar  results  with  taka-diastase  and 
starch,  using  the  Benedict  method.  Will- 
cock^  claimed  to  have  shown  that  pepsin, 
trypsin,  and  ptyalin  were  injured  by  the 
radium  radiations.  Brown^  also  thought  he 
showed  marked  inhibition  of  the  activity 
of  pepsin,  and  pancreatic  diastase  after 
exposure  to  Radium  D,  E,  and  F,  but  the 
autolytic  ferment  of  the  dog's  liver  was 
not  affected.  Neuberg,''  on  the  other  hand, 
found  the  autolytic  ferments  to  be  acceler- 
ated; and  Bergell  and  Bickel'  claimed  that 
the  activity  of  the  pepsin  was  enhanced. 
Richter  and  Gerhartz^  interpreted  their 
results  with  pepsin  exposed  to  x-ray, 
using     nitrogen     determinations     as     the 


index,  as  negative;  and  still  more  recently, 
Lawrence,^  on  exposure  of  physiological 
diastase  to  unfiltered  radiation  from  a 
Coolidge  tube  (9  in.  from  the  anticathode, 
53^  in.  spark-gap  at  2  ma.  in  secondary) 
reported  negative  findings  for  the  effect 
on  this  enzyme. 

In  view  of  the  conflicting  evidence 
presented  above,  an  attempt  was  made 
during  the  past  year  lo  study  the  effect 
of  radiation  on  solutions  of  pepsin. 

A  review  of  the  literature  shows  that 
peptic  power  is  determined  by  measuring 
the  transformations  of  various  complex 
substrates  by  a  large  number  of  methods." 
The  dissolving  power,  the  various  modifi- 
cations of  the  peptonization  of  the  sub- 
strate, the  use  of  new  substrates,  the 
reversal  of  procedures,  and  the  application 
of  the  increasing  number  of  biochemical 
methods  to  the  analysis  of  the  products 
of  hydrolytic  cleavage — all  of  these  form 
the  basis  for  methods.  Since  no  method  is 
universally  accepted,  the  following  methods 
were  selected  for  trial:  edestin,  pea  glob- 
ulin,* and  Mett. 

Only  the  immediate  effects  were  ob- 
served. The  study  of  the  late  effects, 
though  desirable,  is  complicated  by  the 
possibility  of  infection  of  the  solutions. 
Large  amounts  of  antiseptics,  which  must 
be  used  if  the  solutions  are  to  be  kept 
sterile  for  a  long  time,  inhibit  and  destroy 
the  enzyme.  Sterile  glassware  was  used 
throughout  the  experiments. 

From  scale  pepsin  (Sharp  and  Dohme), 
I  to  3,000,  I  per  cent  solutions  containing 
0.22  per  cent  HCl  were  prepared. 

•  Professor  Lafayette  B.  Mendel!  kindly  supplied  us  with  the 
original  pea  globulin  prepared  in  his  laboratory  by  Rose. 
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With   edestin"    and    pea   globulin'-   as  not  be  excluded.  The  digestive  power  of  a 

substrates,  pepsin  solutions  were  exposed  solution  of  15  c.c.  of  filtered  gastric  juice 

to  the  gamma  rays  and  to  x-rays.  diluted  to  100  c.c.  (0.22  per  cent  HCI)  is 

Radium,   amount,   50  mgm.;  filtration,  shown  below. The  figures  represent  the  num- 

0.5  mm.  silver,  2.0  mm.  lead,  i  mm.  glass,  ber  of  millimeters  of  egg  albumin  digested. 

Distance,  none.  Time  in  hours:  J^^,  H.  M.  the  average  of  at  least  4  Mett  tubes. 

i}i,  4  and  10^6  respectively.  Control  solutions i  .75 

X-ray:  Coolidge  tube,  6  in.  spark  (mea-  10"      radiation i  .73 

sured  between  points);  5  ma.;  filters,  none;  s'so"      radiation 1.78 

8  in.  distance  from  anticathode  to  center  7'i2"      radiation i  .78 

of  solution.  Time  in   minutes:   Ho.   3H.  These    readings  show  such  sHght  vari- 

and  7,  respectively.  ations   from    the    control    that    they    are 

The     results     showed     no     diff"erences  considered  to  fall  within  the  range  of  experi- 

between  the  peptic  power  of  the  radiated  mental    error   of   the    method    emploved. 

and  the  control  solutions.  Close    scrutiny    of    the    positive    results 

With   the   method   of  Mett,''  the  solu-  reported  in  the  literature  shows  that  the 

tions  were  exposed   in   two  series  to  the  effects  interpreted  may  be  explained  in  a 

gamma  rays  of  radium:  similar  manner. 

Series    I.    Radium,  amount,  50  mgm.;  conclusion 

filtration:o.5mm.silver,2mm.Iead,imm.  p^.^^^^    ^    consideration    of    the    results 

i/''h  ^5'/''"^'''    "*'"''■           ""    '"            ''  which  follow  the  radiation  of  pepsin  solu- 

,-2  ana  iO/6-  tions  bv  x-rays  and  the  gamma  rays  of 

Series  II.   Radium   amount,  100  mgm.;  radium,"  there^  does  not  appear  to  be  anv 

filtration,  0^  mm.  silver,  2  mm.  lead,   i  definite  effect  on  the  enzyme  activity  which 

mm.  glass.  Distance,  none.  Time  in  hours:  ^..^^  determined  by  the  edestin,  globulin 

%,  4M  ana  12M   respectively.  ^^^  ^ett  methods.  Such  slight  variations 

The  results  of  the  Mett  method  mea-  ^3  ^^^^  ^^^^^  f^^j,   ^^.j^^in   the   limits    of 

sured  in  the  number  of  mijl'meters  of  egg  experimental  error, 

albumin  digested  are  recorded  below,  tach  „,„,  ,^„„  ,„u-^ 

tigure  represents  the  average  01  at  least  4  at    l-      .-mi-           a  v>  a-      •   »u  t     . 

-  P              , "                                        °                              ^  I.  MacKee,  G.  M.  A-rays  and  Radium  in  the  Treat- 

Mett  tubes.  ment  of  Diseases  of  the  Skin.  New  York,  1921, 

Short      Moderate        Long  pp.  205-206. 

Series    Control    radiation     radiation     radiation  Si.mpson,  F.  E.  Radium  Therapy.  St.  Louis,  1922, 

I             3.91              4.05                                 4.20  pp.  86-87,  97-98. 

II             4.00              4.00            4.03              4.02  2.  Packard,  C.  The  effects  of  radium  emanation  on  the 

To   obtain   greater  accuracy,  gravimet-  rateofcelldivision  XE.vper.Zoo/.,  ipie.x^i,  199- 

,       ,       "                  .     .      rT^.J '    ^    .    ,           .  3.   Richards,  A.   Effects  of  .\-ravs  on   the  action  of 

riC     methods     were     tried.     1  he    weight    Ot  certainenzymes.Am.  J.  Piy^io/..  1914.  xxxv,  224. 

the  Mett  tube  before  and  after  digestion,  4-  Willcock,  e.  G.  J.  PbyswL,  1906,  xxiii,  207. 

and  the  difference  in  these  weights  was  ^:  ^7Z^,;,J:l-^:tJllfeu\s^^^^^^^^^^^ 

recorded.    The    error    resulting    from    the  1904,  vii,  157. 

presence  of  digesting  fluid  at  the  ends  of  7-  Bergell  P.  and  Bickel,  A.  Verbandl.  d.  Cong.  J. 

'i^i                    r         j^u           •••ju  innere  Med.,  1Q05,  xx,  157. 

the   tubes   was   tound   to   be  minimized   by  g.  RiCHTERandGERHARTZ.  UeberdieEinwirkungder 

draining  the  fluid  with  a  piece  of  tightly-  Rontgenstrahlen     auf    Fermente.      BctI.     klin. 

twisted  absorbent  cotton.  Upon  compari-  ,  "'^'^"^■'^^'■■>  !9o8,  xlv,  646. 

,                                                     ^                  "  i).  Lawrence.  I  he  effects  of  .v-rays  on  enzyme  action. 

son,    however,    no   greater   accuracy   was  ^rcfc.  Kadio/.  <"E/fc(ro(fa.,  1922,  xxvi,  244. 

gained  by  this  time-consuming  procedure.  "O-  Euler,   IfANS.   General   Chemistry  of    Enzymes. 

Human  gastric  juice,  representing  more  EF^or^.^JEAN^Biodiemical  Catalysts  in  Ufe  and 

closely   a   physiological   solution,   was  then  Industry,  tr.  by  Prescott.  New  York,  iqi-.P- 249. 

exposed  to  .v-rays  in   the  following  dosage:  Waldschmidt.  Uel^crdieVcrscliiedenenMctlioden, 

/^       t-j         ^    I         V   •                   I                /                     J  Pepsin  u.    1  rvpsin  quantitativen  zu  bestimmen, 

Coohdge   tube,    6  in.    spark-gap    (measured  nebst  Beschicibung  einer  einfachener  derartigen 

between  points);  5  ma.;  8  in.  distance;  no  Methode.^rcfc. /■.</. se.s-.Pfcj^io/.,  i9i2,cxliii,  189. 

filters;  time    in    seconds  and  minutes:    10",  "■  gdestin  method:  Sec  Effront,  reference  10,  p.  2j3. 
,,,,,,                       .      ,         T^,  .        ,            '12.  Rose.  Arcb.  Int.  Med.,  loio,  v.  469. 

3  30  ,    712,    respectively.    1  his   dosage  Givens.  Bull.  Hyf.  Lab.,  U.  S.  P.  H.  S.,  1915,  ci. 

corresponds  to  H,  3  and  6  MacKee  units.  13-  Meit.    Bcitragc    zur    Physiologic  der  Absonder- 

Thp     nnccihilitv     nf     inrfv-tinn       iinrlpr     tlip  ungcn.  Wcitcre  Mittcilungen  zur  Innervation  der 

1  he     possibility     ot     inltttion,     under     tlie  Bauclispeichedruse./lrc6././lna(.,  i894,xviii.58. 

conditions  01  obtaining  gastric  juice,  could  Christiansen.  Biocbem.  Zlscbr.,  1912,  xlvi,  257, 
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CHICAGO  AGAIN 

According  to  the  old  patriarchal  custom, 
every  seventh  year  was  a  jubilee  year. 
The  American  Roentgen  Ray  Society 
met  in  Chicago  seven  years  ago,  and  this 
year  we  come  back  there  for  a  great  rally 
meeting. 

Last  year  we  went  to  the  Pacific  Coast 
from  a  sense  of  duty  and  to  demonstrate 
that  the  organization  is  100  per  cent 
American.  This  year  we  will  rally  in  the 
great  central  metropolis  for  the  banner 
meeting  of  our  history. 

The  Society  has  practically  doubled  its 
membership  since  the  191 6  Chicago  meet- 
ing, even  with  its  very  conservative  plan 
of  development,  and  its  meeting  this  year 
will  attract  a  large  attendance  of  clinicians 
and  surgeons  who  are  not  primarily 
roentgenologists . 

The  meeting  will  again  be  in  the  Con- 
gress Hotel,  which  is  centrally  located  on 
the  lake  front  and  admirably  suited  for 
the  accommodation  of  all  departments  of 
the  convention. 

Dr.  Hollis  Potter,  the  President-Elect, 
is  Chairman  of  the  Program  Committee 
and  already  has  the  program  well  under 
way.  It  is  understood  that  his  plan  will 
be  to  have  fewer  papers  and  more  detailed 
discussions,  and  that  he  will  adhere  to  the 
constitutional  provision  that  all  papers 
must  be  in  his  hands  sixty  days  before  the 
meeting. 

The  date  of  the  meeting  will  be  Sept. 
1 8th  to  2 1  St  inclusive. 


CORRESPONDENCE 

To  The  Editor: 

Having  secured  the  endorsement  of  the 
Council  of  the  American  Roentgen  Ray 
Society,  I  would  beg  leave  to  submit 
through  the  Journal  the  following  plan 
for  collective  investigation  by  the  members 
of  the  American  Roentgen  Ray  Society 
and  by  other  roentgenologists  who  may 
be  interested  in  this  project. 

It  seems  highly  desirable  that  there  be 
collected  for  the  purposes  of  study  and 
investigation  a  large  number  of  films  of 
carefully  studied  cases.  In  the  inception 
of  this  plan  there  must  necessarily  be  taken 
up  at  first  only  a  limited  number  of 
subjects,  which  number  could  be  increased 
as  the  details  of  the  plan  are  worked  out. 

It  is  suggested  that  roentgenologists 
send  in  to  the  below-mentioned  address 
duplicate  films  of  carefully  studied  cases; 
these  films  to  be  the  property  of  the  Ameri- 
can Roentgen  Ray  Society  and  to  be 
collected  for  the  purpose  of  cooperative 
study.  It  is  very  desirable  that  these 
films  should  possess  a  high  standard  of 
technical  excellence.  They  should  be  accom- 
panied by  as  full  clinical,  operative,  and 
pathologic  data  as  can  be  secured.  Each 
film  should  be  carefully  labeled  so_  that 
it  can  be  identified  with  the  clinical  history 
accompanying  it. 

The  subject  which  has  been  chosenfor 
the  beginning  of  this  collective  investiga- 
tion is  "Bone  Tumors."  It  is  suggested 
that  at  first  the  films  illustrate  bone  tumors 
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of  the  long  bones  and  extremities;  also 
that,  as  far  as  possible,  cases  be  selected 
which  admit  of  a  complete  study.  It  is 
desired  that  these  films  should  be  of  suffi- 
cient size  to  include  the  entire  pathologic 
area  and  enough  of  the  adjacent  healthy 
area  so  that  in  their  inspection  they  can 
be  regarded  as  inclusive.  The  films  should 
display  the  pathology  from  enough  angles 
to  make  the  study  as  precise  as  possible. 
It  is  planned  that  this  collection,  when 
classified,  shall  be  demonstrated  at  the 
scientific  exhibit  of  the  American  Roentgen 
Ray  Society  at  future  meetings.  A  plan 
will  be  devised  by  which  lantern  slides  of 
typical  conclusive  cases  can  be  available 
for  the  members  of  the  Society. 

The  second  subject  which  has  been 
selected  is  "Legg's  Disease"  (Perthes' 
Disease).  Films  illustrating  this  condition 
should,  if  possible,  be  stereoscopic  and 
must  be  accompanied  by  as  complete  a 
clinical  record  as  possible.  Cases  should  be 
selected  preferably  where  the  contributor 
considers  that  he  will  have  the  opportunity 
for  observation  of  the  case  over  a  consider- 
able length  of  time. 

The  third  subject  which  has  been 
selected  is  "  Fractures  of  the  Skull  in 
Children."  It  is  desired  to  secure  consecu- 
tive films  covering  the  roentgen  history  of 
fractured  skulls  in  children.  Here  also 
it  is  desirable  that  cases  be  selected  which 
will  probably  be  under  observation  for 
some  considerable  length  of  time. 

The  fourth  subject  selected  is  "Joint 
Sj'philis."  Here  it  is  highly  desirable  that 
the  cfinical  and  therapeutic  data  be  as 
accurate  and  conclusive  as  possible. 

As  material  is  sent  in  it  will  be  acknowl- 
edged in  subsequent  numbers  of  the 
Journal  so  that  the  members  may  be 
kept  informed  as  to  the  growth  of  the 
collection.  Correspondence  and  suggestions 
as  to  the  method  of  handling  these  studies 
and  the  choice  of  future  subjects  for  study 
will  be  very  gratefully  received. 


Directions.  Films  should  be  packed 
in  a  flat  package  (not  rolled)  and  should  be 
directed  to  the  Department  of  Roentgenol- 
ogy, University  Hospital,  Ann  Arbor, 
Michigan,  attention  of  Dr.  Hickey.  It  is 
earnestly  hoped  that  the  roentgenologists 
ot  North  America  will  respond  to  this 
opportunity  of  making  a  collection  which 
will  be  of  the  very  greatest  scientific 
value.  P.  M.  Hickey. 

March  20,  1893. 

To  The  Editor: 

It  has  frequently  been  noticed  that 
certain  dental  films  after  development 
show  a  fogging  at  one  end  that  has  the 
appearance  of  a  small  tuft  of  fine  hair, 
and  it  was  supposed  to  be  due  to  some 
light  leakage  in  the  film  package.  However, 
it  was  observed  in  separating  the  two 
films  preparatory  to  development  that 
occasionally  a  static  spark  was  formed, 
and  that  when  this  occurred  the  films 
showed  the  hair-like  appearance  at  one 
end.  This  also  can  be  produced  experi- 
mentally with  unexposed  films,  by  pulling 
them  apart  repeatedly  in  the  dark  room. 

The  knowledge  of  this  observation  has 
value  in  careful  dark-room  technique, 
as  this  sparking  may  easily  be  avoided  by 
care  in  separating  the  films. 

Very  truly  yours, 
v.   M.   Moore. 

Jan.  18,  1923. 

THE  LEONARD  PRIZE 

The  American  Roentgen  Ray  Society 
is  again  ofi^ering  the  Leonard  Prize  in  1923, 
details  for  which  appear  on  advertising 
page  xiii  of  this  number  of  the  Journal. 
The  manuscripts  submitted  for  the  1921 
prize  were  of  a  high  order  of  merit  and 
covered  a  variety  of  subjects  pertinent  to 
roentgenology.  It  is  to  be  hoped  that  the 
contestants  for  the  next  prize  will  be 
equally  zealous  in  their  efforts. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  ?iew  York  City,  are  in- 
vited to  ma\e  the  ojfice  of  The  Journal  (69  East  59th  Street,  J^ew  Torf()  their  headquarters.  Mail, 
packages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance:  in  this  case,  \indly  notify  us  in  detail  as  to  requireinents  and  prices.  List  of 
operations  in  T^ew  Tor\  hospitals  on  file  in  our  office  daily. 
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Daland,  Ernest  M.  Radium  treatment  of 
keloids.  Surg.,  Gynec.  &  Ohst.,  Jan.,  1923, 
xxxvi,  No.  I,  p.  63. 

This  paper  covers  a  large  series  of  cases 
treated  in  the  Collis  P.  Huntington  Memorial 
Hospital,  Boston.  A  small  bibliography  accom- 
panies the  article.  As  the  result  of  his  observa- 
tions, the  author  concludes  that  every  keloid 
can  be  destroyed  by  radium  if  a  sufficient  dose 
is  used.  Silver  filtration  (i  mm.)  should  be  used 
in  keloids  of  recent  origin,  in  children,  in  people 
of  dark  complexion  and  in  exposed  areas,  such 
as  the  face.  The  dosage  should  be  from  30  to 
60  mc.  hours,  according  to  the  age  of  the 
patient.  Practically  unfiltered  tubes  should  be 
used  on  all  other  keloids.  The  dosage  should  be 
from  15  to  30  mc.  hours  per  tube.  It  should 
be  explained  to  patients  that  ulceration  will 
result  from  this  type  of  treatment.  There  is  no 
evidence  to  show  that  the  destructive  doses 
damage  the  tissues  so  that  the  lesions  recur. 
There  no  lessening  of  the  tendency  of  an 
individual  to  develop  keloids. 

Moore,  Beveridge  H.  Subastragaloid  dis- 
location of  the  foot.  Surg.,  Gynec.  t'-  Ohst., 
Dec,  1922,  XXXV,  No.  6,  p.  788. 
Subastragaloid  dislocation  of  the  foot  is  a 
rare  injury,  alternative  with  abduction  and 
adduction  fractures  in  the  region  of  the  ankle. 
The  physical  signs  of  this  form  of  dislocation 
are  eversion  and  abduction  of  the  foot,  with 
prominence  of  the  head  of  the  astragalus  in  the 
inner  side  of  the  foot.  In  old  cases  there  is 
lowering  of  the  malleoli  and  thickening  of  the 
foot  below  the  malleoli.  Treatment  in  recent 
cases  is  reduction,  either  open  or  closed,  as  may 
be  indicated.  Total  astragalectomy  gives  good 
results  in  old  cases.  Excellent  roentgenograms 
and  photographs  illustrate  3  cases  reported 
in  this  article. 

CoHN,   Isodore.  Forward  dislocation  of  both 

bones  of  the  forearm  at  the  elbow.  Surg.,  Gynec. 

&  Obst.,  Dec,  1922,  XXXV,  No.  6,  p.  766. 

Anterior  dislocations  of  both  bones  of  the 
forearm  are  rare.  Only  23  cases,  including  the 
case  reported  by  the  author,  have  been  found 
in  a  search  of  the  literature.  In  all  cases  which 
have  been  verified  by  operation  or  autopsy, 
there  has  been  an  extensive  laceration  of  the 
ligaments  about  the  joint  and  a  stripping  up 
of  the  muscles  in  the  immediate  ^'icinity  from 
the  respective  bones. 

Anterior  dislocations  of  the  elbow  may  be 
either  uncomplicated,  or  associated  with  a 
fracture  of  the  olecranon  or  coronoid  process. 
A  review  of  the  literature  suggests  that  some 


of  the  cases  have  been  reduced  with  very  little 
difficulty. 

An  excellent  bibliography  accompanies  the 
article,  which  deals  in  e.xteyiso  with  the  diagnosis 
and  treatment  of  this  condition.  The  treatment 
should  always  be  surgical. 

Moffat,  Barclay  W.  Isolated  disease  of  the 
scaphoid.  J.  Am.  M.  Assn.,  1923,  Ixxx,  87. 
The  author  has  found  42  cases  of  isolated 
disease  of  the  scaphoid  since  Kohler  described 
the  first  case  in  1908.  By  roentgen  ray  the 
scaphoid  is  seen  as  a  disc,  from  one-third  to 
one-fourth  normal  in  size,  biconcave,  or  of 
irregular  density,  or  opaque,  the  picture,  of 
course,  varying  with  the  stage  of  the  disease. 
Four  new  cases  are  added  to  the  literature. 

Wheelon,  Homer.  Duodenal  motility.  J.  Am. 

M.  Assn.,  Mar.  3,  1923,  Ixxx,  No.  9,  p.  615. 

In  view  of  the  demonstration  by  recent 
experimenters  that  duodenal  contents  are 
normally  regurgitated  into  the  stomach  toward 
the  close  of  gastric  digestion,  and  in  view  of 
the  frequency  with  which  reverse  movements 
of  barium  are  seen  during  radiographic  exami- 
nation of  the  gastrointestinal  tract,  the  author 
undertook  a  number  of  .v-ray  observations 
following  the  direct  injection  of  barium  into 
the  human  duodenum.  Barium  in  quantities 
of  from  20  to  60  c.c  was  injected  directly 
into  the  duodenum  without  causing  distress, 
the  stomach  and  duodenum  having  previously 
been  emptied  of  their  contents.  The  first 
observed  movement  of  the  barium  following 
injection  into  the  duodenum  is  a  more  or  less 
complete  division  of  the  mass  at  the  point 
of  greatest  distention.  Following  the  primary 
partial  division,  barium  is  usually  passed  along 
both  directions  of  the  duodenum,  the  central 
portion  being  delivered  to  the  upper  duodenum 
or  cap,  the  distal  portion  to  the  jejunum. 
Reverse  movements  of  barium  sooner  or  later 
result  In  the  complete  filling  of  the  cap,  at 
which  point  barium  may  rest  for  a  long  period 
of  time.  Following  distention  of  the  cap  by 
reverse  movements,  barium  is  passed  forward 
by  progressive  movements  which,  at  times, 
carry  material  through  the  point  of  original 
duodenal  distention  to  lower  segments.  Barium 
may  be  delivered  from  the  point  of  distention 
to  the  stomach  as  the  result  of  reverse  move- 
ments. In  the  majority  of  instances,  barium  is 
passed  Into  the  stomach  only  after  several 
injections  of  the  duodenum.  Rhythmic  seg- 
mental and  pendular  movements  of  barium 
occur  in  the  duodenum.  Barium  tends  to  rest 
at  the  point  of  injection— inferior  flexure.  This 
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region  is  the  usual  point  of  injection.  In  one 
instance  of  jejunum  injection,  marked  reverse 
movements  resulted  in  the  lodgment  of  barium 
in  the  cap,  stomach  and  inferior  flexure. 

Hollander,  Edward.  Fallibility  of  roent- 
genologic evidence  of  healed  gastric  ulcer. 
J.  Am.  M.  Assn.,  Jan.  6,  1923,  Ixxx,  No. 
I,  p.  29. 

Roentgenologic  examination  affords  the  best 
method  of  obtaining  definite  objective  record 
of  morphologic  changes  in  the  surface  of  an 
ulcer.  It  seems  reasonable  to  interpret  the 
diminution  in  size  or  the  total  disappearance 
of  a  niche  as  evidence  of  healing  or  cure, 
especially  when  these  changes  are  accompanied 
by  clinical  evidence  of  improvement,  and  by 
other  roentgenologic  findings,  such  as  the 
disappearance  of  an  incisure,  and  improved 
motility.  However,  the  author  presents  a  case 
which  shows  that  this  interpretation  is  open 
to  error.  There  are  causes  for  the  disappearance 
of  the  niche  other  than  the  obliteration  of  an 
ulcer  crater  by  granulation  or  cicatricial  tissue. 
Food  may  enter  the  crater.  In  the  case  pre- 
sented mucoid  material  filled  the  crater.  It  has 
been  suggested  that  pressure  by  edema  or 
enlargement  of  an  organ,  such  as  the  liver  or 
pancreas,  adjacent  to  the  ulcer,  may  obliterate 
the  crater.  It  must  further  be  borne  in  mind 
that,  even  if  an  ulcer  crater  is  filled  with  granu- 
lation tissue,  the  ulcer  cannot  be  considered 
healed  unless  its  surface  is  completely  covered 
with  epithelial  tissue.  This  condition  the 
roentgen  ray  cannot  demonstrate.  In  the  case 
cited  by  the  author,  the  ulcer  was  diagnosed 
roentgenologically  on  April  30th;  the  medical 
cure  announced  as  proved  by  the  same  method 
on  July  2nd,  but  on  August  3rd,  at  operation,  a 
callous  ulcer  was  found  present  on  the  lesser 
curvature  at  the  point  corresponding  to  the 
niche  in  the  roentgenogram  of  April  30th. 

ScHROEDER,  J.  Henry.  Sarcoma  (?)  of  thigh, 
with    secondary    sarcoma    (?)    of    inguinal 
region,  liver  and  lungs:  Recovery  after  deep 
roentgen    irradiation.    J.    Am.    M.    Assn., 
Jan.  6,  1923,  Ixxx,  No.  i,  p.  23. 
The  author  cites  a  case  of  a  man,  aged  fifty, 
injured  by  crushing  of  right  thigh.  Roentgeno- 
grams do  not  reveal  any  injury  to  the  bone. 
After  six  months  a  clinical  diagnosis  of  sarcoma 
of  the  thigh  was  made,  and  amputation  advised. 
Routine  examination  with  the  x-rays  revealed 
extensive   and   typical   secondary   sarcoma   of 
both  lungs.   From  Jan.  21st  to  Feb.    ist,  the 
thigh,    inguinal    region   and   both   lungs   were 
irradiated,  each  region  receiving  in  its  depth 
the   full   dose   in   one  sitting   (for   the   lungs, 
70  per  cent  of  erythema  dose  at  200  kv.,  and  for 


the  other  areas,  80  per  cent  of  the  surface 
erythema  dose  at  220  kv.).  The  sarcoma  dose 
was  again  administered  to  the  thigh  and  the 
lungs  between  March  22nd  and  March  27th. 
At  the  beginning  of  the  third  period  of  irradia- 
tion, June  29th,  the  liver  was  found  to  be 
markedly  enlarged  and  very  tender,  and  at  this 
time  the  liver  and  the  thigh  were  each  given  the 
sarcoma  dose.  During  the  fourth  period  of 
treatment,  August  21st,  the  thigh  received  its 
last  irradiation.  This  excessive  irradiation  was 
well  tolerated.  There  were  no  alarming  blood 
changes  after  the  various  doses.  At  the  present 
time  the  patient  is  free  from  anj'  evidence  of 
the  disease,  his  general  condition  being  excel- 
lent. Only  the  muscles  of  the  leg  have  not 
gained  their  former  strength.  The  lungs  became 
entirely  clear  after  the  second  dose. 

The  author  feels  that  the  case  demonstrates 
that  widely  disseminated  sarcoma  is  in  itself 
not  a  bar  to  successful  treatment  with  deep 
roentgen  irradiations.  Nine  months  ago  this 
patient  was  lying  in  a  hospital,  hopeless  and 
helpless;  today  he  is  looking  forward  to  a 
renewed  useful  existence. 

Stokes,  J.  H.,  and  Gardner,  Boyd  S.  The 
demonstration    of   unerupted    Hutchinson's 
teeth  by  the  roentgen  ray.  J.  Am.  M.  Assn., 
Jan.  6,  1923,  Ixxx,  No.  i,  p.  28. 
In  any  large  syphilologic  practice,  cases  are 
occasionally    encountered    in   which    the    fact 
that   the   child's   teeth   are   still    of  the   first 
dentition  makes  it  impossible,  in  the  absence  of 
other  conclusive  evidence,  to  clinch  the  diag- 
nosis of  heredosN'philis  by  the  identification  of 
true  Hutchinson's  teeth.  In  such  cases,  it  seems 
possible   that   intra-alveolar    identification    of 
Hutchinson's  teeth  by  the  reontgenogram  may 
be  of  diagnostic  service.  It  is  only  necessary 
to  study  the  unerupted  upper  incisors  to  get 
the    full    benefit    of   the    dental    examination 
in  such  patients. 

Thedering.  JY-Ray  stimulation  doses  and 
diseases  of  the  hair.  Miinchen.  med.  Wcbn- 
schr.,  Oct.  6,  1922,  Ixix,  No.  40,  p.  1430. 
The  effect  of  the  epilation  dose  on  the  healthy 
hair  demonstrates  absolutely  the  meaning  and 
extent  of  the  Arndt-Schulz  biologic  basic  law: 
"Weak  stimuli  increase,  moderate  stimuli 
inhibit  cellular  activity;  strong  stimuli  destroy 
the  cell."  In  raying  the  beard  with  the  epilation 
"11  X"  doses  through  }4  mm.  aluminum  filter 
we  may  observe  increasing  growth  of  the  beard 
due  to  the  gradually  increasing  wave  of  reac- 
tion. Patients  voluntarily  state  that  they  need 
a  shave  more  frequently.  After  a  fortnight  the 
beard  stops  growing  and  with  the  third  week 
epilation  sets  in. 
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The  theoretic  object  of  applying  roentgen 
radiation  to  the  hair  is  threefold  and  corre- 
sponds to  the  three  difTerent  biologic  stimula- 
tion doses.  It  aims  to  stimulate  slow-growing 
hair;  temporarily  to  remove  diseased  hair; 
permanently  to  remove  troublesome  hairy 
growth  (beard  in  women). 

Temporarj'  epilation  is  mostly  employed  in 
parasitic  diseases  of  the  hair  folhcles — sycosis 
and  trichophytosis — and  has  been  practiced  for 
over  a  decade  in  x-ray  therapy.  Permanent 
epilation  in  inconvenient  bearded  growth 
has  likewise  become  common  practice  and 
proved  a  safe,  harmless,  successful  method  if 
applied  with  a  sufficiently  thick  (4  mm.) 
aluminum  fdter  bj'  an  experienced  specialist. 

The  stimulation  dose  is  little  employed,  if  one 
is  to  judge  by  the  published  reports.  In  1900, 
Kienboeck,  and  about  that  date  Holzknecht 
also,  published  reports  of  successful  roentgen 
radiation  in  alopecia  areata.  However,  their 
suggestions  were  forgotten,  probably  because 
they  applied  the  epilation  dose  which  first 
provokes  depilation  and  stimulates  the  para- 
lyzed papilla  only  after  the  reactionary  wave 
has  subsided.  Total  depilation  for  three  months 
may  actually  be  considered  too  radical  a 
process  on  account  of  a  few  individual  foci  in 
alopecia  areata,  all  the  more  since  Nagel- 
schmidt  and  Bering  successfully  apply  the 
quartz  light  and  have  found  it  a  milder  thera- 
peutic agent  for  insuring  a  new  growth  of  hair. 
We  may  thus  well  understand  why  such 
eminent  radiologists  as  Wetterer  and  Kroh- 
mayer  refuse  to  treat  alopecia  areata  with 
the  -v-rays. 

So  long  as  the  technique  of  dosage  was  not 
perfected,  it  was  reasonable  to  look  askance  on 
a  method  in  which  the  wrong  dose  might  induce 
temporary  or  even  permanent  depilation 
instead  of  stimulating  the  growth  of  hair.  The 
modern  technically  educated  roentgenothera- 
pist  need  not  fear  this  criticism. 

The  author  believes  himself  the  first  to 
suggest  substituting  x-ray  stimulation  dose, 
based  on  the  above  biologic  principle,  for 
quartz  light  treatment  in  alopecia  totalis,  in 
his  book  on  "Quartz  Light,"  1916,  and  his 
article,  "Radiotherapy  in  Alopecia  Totalis," 
1916.  The  stimulation  dose  consists  in  raying 
the  scalp  with  about  J-^  of  the  epilation  dose 
through  }-2  to  2  mm.  aluminum  filter  through 
four  fields  once  in  two  weeks  until  the  hair 
grows  again.  In  the  course  of  years  the  author 
has  increasingly  substituted  for  quartz  light 
treatment  this  x-ray  stimulation  radiation 
in  alopecia  areata,  seborrhea,  etc.  It  has  the 
advantage  of  more  pronounced,  permanent 
and  deep  effect;  of  absolutely  certain  detection 
of  hidden   foci   in   systematically    raj'ing  the 


thick  hair  of  women.  Quartz  light  therapy  of 
these  cases  requires  careful  and  time-consuming 
parting  of  the  hair  and  even  then  beginning 
foci  may  be  easily  overlooked. 

The  excellent  results  obtained  in  various 
diseases  of  the  hair  are  discussed  by  the 
author  in  his  recent  publication,  "Diseases  of 
the  Hair  and  Baldness:  Prevention  and  Treat- 
ment with  Light  and  Roentgen  Rays,"  Olden- 
burg, 1922.  It  is  intended  to  prove  that 
roentgen  stimulation  dose,  as  the  most  modern 
idea  of  scientific  therapy,  may  be  successfullj' 
employed  in  those  diseases. 

PuRCELL,  C.  E.  An  Interesting  AT-Ray  Study 
of  a  Foreign  Body:  Honey  Locust  Seed  in 
the  Right  Bronchus.  Kentucky  M.  J., 
Aug.,  1922,  XX,  529. 

The  author  reports  a  case  of  a  child  of 
twenty-four  months  who  swallowed  one  of  two 
honey  locust  seeds.  The  first  x-ray  plate  gave 
an  absolutely  negative  finding.  The  companion 
seed,  which  the  parents  brought  along,  was 
then  placed  on  an  x-ray  plate  and  gave  a  good 
shadow  of  the  seed.  This  companion  seed  was 
then  placed  on  a  plate  underneath  the  child 
and  its  position  marked  by  a  pair  of  hemostats. 
This  roentgenogram  showed  the  companion 
seed  very  plainly.  There  were  no  physical  signs 
of  obstruction  in  the  lungs — no  difficulty  in 
breathing  and  no  other  symptoms  to  suggest 
the  presence  of  a  foreign  body  in  the  lung. 
Laryngoscopy  revealed  a  severe  laryngitis. 
By  noon  of  the  following  day  it  was  observed 
that  the  child  had  some  difiiculty  in  breathing 
when  it  played  or  walked  around  the  square. 
It  became  irritable  and  developed  a  slight 
rise  of  temperature.  Under  general  anesthesia 
a  bronchoscope  was  passed  and  the  seed  easily 
removed  from  the  right  bronchus. 

The  author  concludes,  therefore,  that  a 
foreign  body  can  remain  in  the  air  passages 
without  any  symptoms,  especially  early  symp- 
toms, during  the  first  twelve  hours.  The 
published  roentgenograms  do  not  reveal  any 
signs  in  the  chest  which  would  indicate  pul- 
monary changes  due  to  the  presence  of  a 
foreign  body. 

Daels,  Frans.  Histological  Pictures  Repre- 
senting the  Cure  of  Uterine  Basocellular 
Epithelioma.  Proc.  Roy.  Sac.  Med.,  Apr., 
1922,  XV,  19. 

According  to  the  author,  in  proportion  to  the 
intensity  of  the  action  of  the  irradiation  upon 
the  cancer  cells  of  the  uterine  basocellular 
epithelioma,  the  following  phenomena  are 
observed.  They  are  changes  not  met  with  in 
cases  of  spontaneous  degeneration,  namely: 
I.  Massive  and  rapid  caryorrhexis  of  the 
cancer  cells  without  any  intervention  on  the 
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part  of  the  blood-cells  or  any  profound  degenera- 
tion of  the  normal  tissues. 

2.  Progressive  necrosis  occasioned  I^y  pycno- 
sis  or  achromatosis,  with  eosinophilia  or 
vacuolization  of  the  protoplasm  and  phagocyto- 
sis by  polynuciear  blood  cells;  this  destroys 
quite  a  large  number  of  alveoli;  this  well- 
marked  phenomenon  is  here  specially  charac- 
teristic of  the  action  of  the  irradiation. 

3.  The  transformation  of  the  cancer  cells 
into  giant  cells  and  giant  nuclei — an  alteration 
that  may  lead  to  necrosis  with  invasion  by 
polynuciear  leukocytes,  or  to  a  gradual  atrophy 
with  fatty  degeneration  of  the  protoplasm  and 
disappearance  of  those  elements  without  any 
participation    of    leukocytes    in    the    process. 

The  action  exercised  by  the  irradiation — 
radium  irradiation  more  especially,  but  how- 
ever not  exclusively,  since  one  often  added 
irradiation  by  x-rays  after  radium  treatment — 
first  affects  the  nucleus  and  sets  up  an  actual 
rupture  of  the  nucleus  comparable  to  the 
action  of  the  irradiation  upon  the  lymphocytes: 
or  else  a  destruction  of  the  nucleus,  sometimes 
combined  with  eosinophilia  or  the  megakaryo- 
cytic-shaped  degeneration  which  seems  to 
result  from  nuclear  fusions  due  to  loss  of  karyo- 
kinetic  power. 

The  author's  observations  lead  him  to  admit 
that  the  polynuciear  leukocytes  only  occur  in 
association  with  spontaneous  degenerations  or 
with  radio-therapeutic  transformation  of  the 
basocellular  epithelioma,  as  a  consequence  of 
incidental  infections  or  the  necrosis  of  cancer 
cells,  and  that  they  do  not  take  an  active  part 
in  the  elective  regression  proper.  And  so  it 
must  also  be  admitted  that  the  connective 
tissue  has  no  active  participation  in  the  regres- 
sion proper,  as  one  meets  with  the  most  excel- 
lent definition  of  regression  in  the  midst  of  the 
empty  space  remaining  after  the  disappearance 
of  the  cancer  cells.  On  the  other  hand,  it 
seems  that  a  special  significance  of  effective 
reaction  against  the  cancer  proliferation  or  its 
agent  must  be  ascribed  ti>  infiltration  of 
leukocytes. 

4.  The  appearance  of  giant  cells  without  the 
characteristics  of  malignant  tissue,  sometimes 
with  a  distinct  follicle  shape,  the  appearance 
of  true  histological  follicles  as  a  consequence  of 
radium  irradiation  of  cancer  alveoli,  lead  us  to 
the  adoption  of  the  hypothesis  of  the  liberation 
of  a  germ  or  agent  to  which  the  body  is  supposed 
to  react  by  lymphocytic  infiltration  and  forma- 
tion of  giant  cells.  The  observation  should  be 
connected  with  the  two  clKVcrent  sarcomatous 
and  follicular  reactions  of  the  body  upon  the 
bacillus  of  Koch.  The  histological  appearances 
found  upon  the  healing  of  the  follicle  that  arises 
after    experimental    iniection    of    killed    Koch 


bacilli  should  be  remembered  in  this  connec- 
tion, namely,  formation  of  giant  cells,  fusions 
of  the  nuclei,  formation  of  megakaryocytic 
elements,  progressive  liberation  and  atrophy 
of  these  megakaryocytes.  These  phenomena 
have  the  greatest  resemblance  to  those  observed 
in  the  case  of  cancer  regression.  ■ 

Smithies,  Frank.  Necessity  for  Caution  in  the 
Employment    of    High    Voltage    Roentgen 
Rays  as  a  Therapeutic  Agent  Against  Malig- 
nant Disease:  Acute  Adrenal    Insufficiency 
and    Death   as   Sequelae.    Surg.,    Gynec.   &" 
Obst.,  Jan.,  1923,  xxxvi.  No.  i,  p.  61. 
The  author  of  this  paper  has  evidently  failed 
to  note  the  numerous  warnings  with  which  the 
literature  of  deep  roentgenotherapy  is  filled, 
and  states  that  "literature  has  carried   very 
few,  if  any,  criticisms  upon  or  warnings  against 
the  new  roentgen  therapy."  Nevertheless,  the 
details  of  a  case  of  fatal  acute  adrenal  insuffi- 
ciency following  deep  therapy  is  very  instruc- 
tive. The  patient,  aged  fifty-eight,  was  treated 
by   deep   therapy   on   an   erroneous   diagnosis 
of  sarcoma  of  the  spine.  The  author's  report  of 
the  amount  of  treatment  given  is  too  vague 
to  warrant  repetition   here.   Within  a   month 
following   the    roentgen    therapy    the   patient 
began    to    experience    unusual    fatigue    upon 
slight   exertion,   and  within   two   months  the 
diagnosis  of  bilateral  adrenal  insufficiency  w-as 
clear  to  the  author.    In  spite  of  intravenous 
injection    of   adrenalin    and    salt    solution    in 
heroic   doses,    followed    by   partial    return   to 
consciousness,  the  patient  died  from  exhaustion 
and    cardiorenal     failure.     Unfortunately    no 
post-morten  study  was  permitted. 

The  author  summarizes  the  evidence  in  this 
case  as  follows:  "Instances  of  'acute'  or 
'fulminant'  Addison's  syndrome  are  rare;  it  is 
most  unusual  to  have  the  disease  appear  after 
the  age  of  fifty  and  exitus  to  occur  in  less  than 
a  year.  An  instance  of  death  from  the  Addi- 
sonian syndrome,  within  four  months  after 
'deep'  roentgen  therapy  of  long  duration 
and  very  high  voltage,  in  a  man  aged  liity-eight 
is  recorded.  The  roentgen  seances  were  given 
as  curative  measures  for  supposed  malignancy 
of  the  spine  (a  diagnosis  subsequently  shown 
to  have  been  faulty).  It  can  scarcely  be  pre- 
sumed that  this  patient's  fjill  from  his  horse 
produced  simultaneous  acute,  double-sided 
adrenal  injury  and  failure.  The  man  was  very 
'lit'  when  he  sustained  what  seemed  to  be 
nothing  more  than  muscle  bruises  to  his 
paraspinal  group.  He  remained  'lit',  despite 
his  slight  muscular  lameness,  until  a  few  weeks 
after  roentgen  exposures,  and  his  collapse 
afterward  was  rapid. 

"The  proximity  of  the  adrenals  to  the  areas 
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treated  by  the  high  voltage  .v-rays  for  long 
time-intervals  strongly  suggests  that  this  form 
of  therapeusis  was  an  agent  responsible  for 
the  acute  collapse  of  adrenal  function  and 
doubtless  the  destruction  of  chromaffin  tissue. 
Unfortunately,  autopsy  was  denied:  the  cause 
of  the  disability  and  death  were,  however, 
unmistakable." 

Hyman,    a.    Diverticula    of   the    Bladder    in 

Children.  Surg.,  Gynec.  &  Obst.,  Jan.,  1923, 

xxxvi,  No.  I,  p.  27. 

Vesical  diverticula  are  rare  findings  in 
childhood,  not  more  than  30  being  found  in  a 
review  of  over  600  cases. 

Diagnosis  of  this  condition  in  children  should 
present  no  difficulties.  Little  value  can  be 
placed  on  the  history.  Physical  examination  of 
the  abdomen  is  of  considerable  importance. 
A  chronically  distended  bladder  especially 
asymmetrical  in  outline,  should  make  one 
suspicious  of  a  diverticulum.  The  cystoscope 
and  the  cystogram  are  absolutely  essential 
in  making  a  correct  diagnosis.  Of  the  two,  the 
cystogram  will  be  found  more  valuable. 
Cystoscopy  is  at  times  difficult  in  the  young, 
especially  in  the  presence  of  a  marked  pyuria, 
when  it  may  be  impossible  to  cleanse  the 
bladder  sufficiently  to  obtain  a  clear  picture. 
Even  cystoscopy  gives  no  idea  of  the  size  and 
shape  of  the  pouch,  although  it  reveals  the 
presence  of  the  orifice.  Cystography  can  be 
performed,  even  in  very  young  children,  with- 
out the  slightest  difficulty,  and  requires  no 
anesthetic.  The  roentgenograms  should  be 
taken  in  different  positions,  otherwise  a  small 
sac  may  be  overlooked  or  the  shadow  of  the 
diverticulum  may  be  obscured  by  that  of  the 
bladder  itself.  In  young  children  conditions 
are  especially  favorable  for  obtaining  roent- 
genograms in  the  lateral  as  well  as  in  the  ante- 
rior positions.  Additional  information  may  be 
obtained  if  one  makes  a  plain  roentgenogram, 
after  which  the  solution  is  drained  off  and  air 
injected  into  the  bladder  and  another  plate 
taken.  The  air-filled  bladder  stands  out  in 
contrast  to  the  sacs  which  still  contain  the 
opaque  solution. 

The  presence  of  diverticula  in  patients  so 
young,  without  evidence  of  any  obstruction, 
leads  one  to  conclude  that  they  were  con- 
genital and  that  in  all  probability  many  of 
the  diverticula  in  adults  have  also  a  similar 
origin. 

HocHSTETTER,  F.  Duodcnal  Stenosis  Following 
an  Ancient  Tuberculous  Peritonitis.  Fortschr. 
a.  d.  Geb.  Rontgenstrahlen,  xxix,  2. 
This    case    is    interesting    because    of    the 

successful  roentgenological  diagnosis  made  of 


duodenal  obstruction.  The  stomach  and  the 
duodenum  were  converted  into  one  large  sac 
without  any  visible  separation  at  the  level  of 
the  pylorus,  both  organs  having  the  caliber  of  a 
dilated  stomach.  Operation  revealed  a  very 
tight  stenosis  of  the  small  intestine  at  the 
jejunoileal  junction  and  the  presence  of 
multiple  adhesions  involving  all  the  organs  of 
the  abdominal  cavity. 

Chappel,  Halbert  W.  The  Necessity  for  an 
Immediate  and  Thorough  Roentgenological 
Study  of  All   Injuries  to  the  Spine.   CaliJ. 
State  J.  A/.,  Dec,  1922,  xx,  436. 
The  author  cites  15  cases  in  which  roentgeno- 
logical examination  was  of  the  greatest  assis- 
tance in  connection  with  injuries  to  the  spine, 
and  in  many  of  which  a  thorough  roentgenolog- 
ical   study   immediately   following   the  injury 
would  have  been  the  only  means  of  arriving  at 
a  correct  diagnosis. 

Keiffer.  The  Mechanism  of  Retrogression  of 
Human  Uterine  Fibroids.  J.  de  Radiol.,  1922, 
ix,  95. 

According  to  the  author,  the  mechanism  of 
the  diminution  in  size  of  uterine  fibroids  in  the 
human  is  variable,  and  he  has  only  been  able 
to  establish  clinically  a  diminution  in  volume 
and  a  softening  of  the  fibrous  nuclei,  and,  with 
the  microscope,  atrophy  with  progressive 
sclerosis.  In  the  course  of  and  following  preg- 
nancy, certain  uterine  fibroids  may  disappear 
by  a  complex  mechanism,  especially  that  of  a 
light  lipolysis  associated  with  other  degenera- 
tive processes.  After  the  menopause  the 
retrogression  is  observed  in  the  form  of  a  simple 
sclerosis.  In  hysterectomies  performed  after 
the  application  of  radium  or  x-rays,  the  author 
has  frequently  found  a  veritable  central 
necrosis  of  the  fibrous  nuclei  associated  with 
all  the  other  signs  of  degeneration  observed 
in  the  fibrous  uterus  after  pregnancy  and  in  the 
course  of  the  physiological  menopause. 

Cooke,  A.  B.  When  Appendicitis  Is  Not 
Appendicitis:  A  Case  of  Diverticulitis  of 
the  Cecum.  J.  Am.  M.  Assn.,  Feb.  25,  1922, 
Ixxviii,  578. 

The  author  reports  a  case  in  which  an  opera- 
tion for  what  had  been  diagnosed  as  appendi- 
citis revealed  a  well-marked  diverticulitis  of  the 
cecum,  the  appendix  not  being  involved.  A 
total  excision  of  the  cecum  was  successfully 
performed.  The  specimen  showed  a  diverticu- 
lum of  the  cecum  which  had  harbored  a  concre- 
tion. This  concretion  as  it  increased  in  size 
caused  a  pressure  necrosis  and  an  extensive 
inflammatory  deposit.  This  case  is  interesting  to 
the  roentgenologist  as  illustrating  some  of  the 
diagnostic  possibilities  in  the  ileocecal  region. 


4i6 


Translations  and  Abstracts 


Saget,  M.     The  Intensiometcr.     Bull,  et  mem. 

Soc.  de  Radiol,  med.  de  France.     Nov.,  1922, 

No.  93. 

The  intensiometcr  is  based  upon  the  same 
principle  as  the  ordinary  iontoquantimeters, 
but  it  possesses  certain  advantages  over  those 
without  their  inconveniences.  As  its  name 
indicates,  it  is  intended  to  measure  the  inten- 
sity of  ionization,  and  gives,  therefore,  the 
measure  of  intensity  of  a  given  ijundle  of  x-rays. 
This  ionization  chamber  consists  of  a  series 
of  paper  discs  covered  with  a  thin  layer  of 
carbon  conductor,  iiut  held  apart  parallel  to 
each  other  at  an  interval  of  i  cm.  by  periph- 
eral isolating  rings.  These  discs  are  alter- 
nately connected  to  the  two  terminals  of  tiie 
ionization  chamber,  and  constitute  thus  a  sort 
of  condenser  with  parallel  sheets  of  which  the 
dielectric  will  be  the  contained  air  ionized  by 
the  .v-ray  which  passes  through  it. 

A  double  envelope  of  lead  and  aluminum 
constitutes  the  lateral  walls  and  assures  pro- 


FlG.    I. 

tcction  against  diffusive  radiation.  The  upper 
surface,  tiirougii  wiiich  passes  the  radiation  to 
be  measured,  consists  of  a  sliding  drawer, 
permitting  easy  insertion  of  the  filters  to  be 
used.  The  low-er  face  of  the  instrument  con- 
sists of  a  wooden  plate  22  mm.  thick,  pierced 
by  a  groove  to  receive  the  ionization  chamber  of 
Solomon's  ionometer  for  tiie  purpose  of  com- 
paring the  measurements  furnished  by  the  two 
instruments. 

The  external  dimensions  of  the  cone  arc  as 
follows:  Inferior  diameter,  29  cm.;  total  height, 
26  cm.     It  corresponds  to  a  cone  of  25  cm.  in 


diameter  for  a  distance  of  40  cm.  from  the 
tube-target.  The  volume  of  the  ionization 
chamber  at  this  distance  is  about  1 1  liters. 
This  ionization  chamber  is  placed  in  the  circuit 
of  a  storage  battery  with  a  direct  reading  needle 
galvanometer.  This  apparatus  is  as  sensitive  as 
can  be  practically  constructed.  It  registers  a 
deviation  as  small  as  two  micro-amperes. 


Fig.  2. 

The  storage  battery  especially  designed  for 
this  work  consists  of  a  hundred  Fery  dry  cells, 
small  model,  which  should  give  service  during 
several  years  without  repairs. 

The  different  apparatus  arc  connected  with 
each  other  by  a  very  supple  cable  ha\ing  two 
conductors  perfectly  isolated  and  not  permit- 
ting any  appreciable  loss  by  ionization. 

The  use  of  this  apparatus  is  very  simple. 
Under  the  influence  of  radiation  the  different 
layers  of  air  of  the  apparatus  are  ionized  and 
permit  the  passage  of  a  current,  the  intensity 
of  which  is  instantly  read  on  the  galvanometer. 
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This  intensity  is  rigorously  proportional  to  the 
intensity  of  the  radiation.  The  readings  depend 
upon  the  absorptive  power  of  the  fdters 
employed. 

The  intensiometcr  can  be  utiUzed  each  time 
it  is  necessary  to  determine  the  thickness  and 
the  nature  of  filters.  It  is  indispensable  in  case 
one  desires  a  constant  control  of  the  good 
functioning  of  his  tube  or  generator.  It  gives  an 
instant  reading  of  the  measure  of  the  intensity 
of  the  radiation  employed,  just  as  the  milH- 
amperemeter  gives  the  measure  of  current 
passing  through  the  tube. 

The  diameter  of  the  orifice  through  which 
the  ray  passes  is  25  cm.  One  can  reduce  tliis 
dimension  by  the  employment  of  lead  dia- 
phragms, the  form  and  dimensions  of  the 
opening  being  determined  according  to  the  case. 

The  ionization  chamber  is  intended  to  be 
attached  to  the  tube  holder  just  as  the  cylinder 
diaphragm  is  ordinarily  attached  to  tube 
holders  employed  by  American  roentgenologists. 
In  France  this  is  especially  interesting  because 
the  holders  for  maintaining  the  oil-immersed 
tubes  can  be  touched  by  the  patient  with 
impunity.  Doubtless  before  long,  modifications 
of  this  apparatus  will  l^e  available  for  use  witli 
American  instruments. 

Herman,  N.  B.,  and  Von  Glahn,  William  C. 

Carcinoma  of  the  Supra-Ampullary  Portion 

of  the  Duodenum.  Am.  J.  M.  Sc,  Jan.,  1921, 

No.  I,  clxi;  No.  586,  p.  in. 

One  case  is  reported:  Male,  seventy-eight 
years  old,  complaining  some  months,  upset 
stomach;  lost  10  lbs.  in  a  year;  no  bloody  stools. 

Laboratory  Findiiigs.  Blood.  Red  blood 
cells,  3,048,000.  White  blood  cells,  5,750. 
Hemoglobin  (Sahli)  45  per  cent.  Differential 
formula  showed  a  slight  polymorphonuclear 
leukocytosis. 

Urine.  Sp.  gr.,  i.oio  to  1.015.  Persistent 
trace  of  albumin.  Granular  casts. 

Sputum.     Positive  for  tubercle  bacilli. 

Stool.  Bile  present.  No  ova  or  parasites. 
Positive  for  occult  blood.  (Benzidine  and 
guaiac  tests.) 

Test-meal.  100  c.c.  of  brownish  fluid.  Bile, 
o.  Lactic  acid,  0.  Test  for  occult  blood  strongly 
positive.  (Benzidine  and  guaiac  tests.)  No 
Oppler-Boas  bacilli.  Free  HCl,  17  per  cent. 
Combined,  16.  Total,  33. 

Wassermann.  Negative. 

Roentgen-Ray  Report  (Dr.  J.  W.  Pierson). 
Chest.  Marked  spotty  infiltration,  both  uppers, 
more  extensive  on  the  left  than  on  the  right; 
tuljerculous  in  origin. 

Gastrointestinal  Series.  Stomach  lies  low 
in  the  pelvis:  marked  filling  defect  in  region 
of  antrum   pylori,   probably   due  to  pressure 


from  lumbar  spine;  pylorus  intact;  no  retention; 
duodenal  cap  well  filled.  Due  to  weakness,  the 
patient  could  not  be  fluoroscoped. 

Course  in  Hospital.  Patient  became  pro- 
gressively weaker.  He  vomited  small  amounts 
of  fluid  material  at  times.  His  chief  complaint 
was  difficulty  in  swallowing,  but  since  a 
stomach-tube  passed  easily  this  was  thought 
to  be  due  to  a  reflex  cardiospasm  rather  than  to 
an  organic  esophageal  obstruction.  On  the 
night  of  February  loth  he  showed  active 
delirium.  On  February  nth  he  sank  into 
a  semicomatose  state  and  died  February 
1 2th. 

Clinical  Impression.  Ulcerative  pulmonary 
tuberculosis.  Carcinoma  of  the  stomach. 
Secondary  anemia. 

Autopsy,  No.  1592.  Anatomic  Diagnosis. 
Chronic  fibroid  pulmonary  tuberculosis  with 
bronchiectasis;  ulcerative  tuberculous  entero- 
colitis; conglomerate  mass  of  tubercles  in  the 
wall  of  the  aorta;  generalized  miliary  tuber- 
culosis; adenocarcinoma  of  the  duodenum; 
thrombosis  of  the  right  common  iliac  and 
right  pulmonary  arteries,  left  common  iliac 
vein  and  prostatic  veins;  arteriosclerosis;  right 
inguinal  hernia,  undescended  testicle,  right; 
brown  atrophy  of  the  heart. 

Stomach  and  Duodenum.  The  stomach  is 
moderately  distended  with  gas  and  fluid, 
especially  the  pyloric  portion.  The  duodenum, 
just  beyond  the  pylorus,  is  enlarged  and  a 
dense  mass  can  be  felt  in  it,  apparently  entirely 
filling  the  lumen.  The  serous  surfaces  of  the 
stomach  and  duodenum  are  smooth  and 
glistening. 

When  opened,  the  stomach  shows  no  changes. 
A  finger  can  be  readily  introduced  through  the 
pyloric  orifice,  but  the  opening  is  eccentrically 
placed  and  a  firm  mass  can  be  palpated  in  the 
duodenum,  completely  encircling  the  finger. 
This  mass  is  a  large,  oblong,  solid,  polypoid 
tumor,  attached  to  the  inferior  wall  of  the 
bowel  and  arising  just  beyond  the  pylorus. 
It  measures  6X5X3  cm.  in  its  greatest 
diameters.  The  base  is  somewhat  smaller 
than  this.  The  surface  of  the  tumor  is  smooth 
and  rounded,  with  small  hemorrhages  here  and 
there.  The  upper  surface  is  hollowed  out  into 
a  deep  gutter  with  steep  sides,  which  gradually 
taper  as  they  extend  upward,  and,  conforming 
to  the  curve  of  the  bo\\eI  wall,  they  overlap 
above,  forming  a  tunnel  through  which  the 
gastric  content  passed.  It  was  into  this  tunnel 
that  the  finger  readily  entered.  When  the 
bowel  was  opened  these  margins  sprang  apart. 
The  tumor  is  grayish  white  in  color  and 
cuts  with  some  resistance.  The  cut  surface  is 
rather  homogenous  in  appearance  and  is  dotted 
with  a  few  yellow  flecks.  The  growth  seems  to 
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penetrate  only  a  little  way  into  the  wall  of 
the  bowel.  The  duodenal  mucosa  is  gray  and 
translucent  and  is  reflected  for  a  short  distance 
upon  the  base  of  the  tumor.  The  folds  of  the 
mucosa  are  well  defined  and  prominent.  The 
ampulla  of  Vater  is  negative.  The  regional 
lymph-glands  are  not  enlarged  and  there  are 
no  metastases  visible  in  the  liver. 

Microscopic  Examination.  The  tumor  is 
composed  of  columnar  epithelial  cells,  having 
a  definite  glandular  arrangement.  Often  these 
cells  are  heaped  up  into  several  layers.  There 
is  an  abundant  and  rather  dense  connective- 
tissue  stroma  in  which  are  many  capillaries 
and  which  is  infiltrated  with  small  round  cells, 
plasma  cells  and  leukocytes.  The  gland-like 
spaces  enclosed  by  the  epithelial  cells  are 
frequently  filled  with  leukocytes.  Small  areas 
of  necrosis  are  seen.  At  the  base  the  rather 
orderly  adenomatous  arrangement  is  lost,  and 
the  cells  are  more  irregular  in  size  and  shape 
and  grow  in  solid  cords,  penetrating  into  the 
circular  layer  of  muscle.  Mitoses  are  fairly 
numerous.  The  mucosa  can  be  traced  upward 
upon  the  tumor  for  a  short  distance,  then  it 
ends  abruptly.  In  appearance  and  arrangement 
the  tumor  cells  resemble  more  closely  those  of 
the  glands  of  the  mucosa  than  those  of  Brun- 
ner's  glands.  In  none  of  the  sections  of  the 
regional  lymph-glands  could  any  metastases  be 
found.  Sections  of  the  liver  and  pancreas  were 
likewise  negative  for  metastases. 

Sante,  L.  R.  Pneumoperitoneum  as  an  Aid 
in  the  Diagnosis  of  Subdiaphragmatic  Con- 
ditions. J.  Am.  M.  Assn.,  Feb.  17,  1923, 
Ixxx,  No.  7,  p.  464. 

The  author  has  found  pneumoperitoneum 
of  so  much  value  in  examinations  of  acute 
infectious  involvement  of  the  subphrenic 
space  that  it  seems  advisable  to  call  attention 
to  this  special  phase  of  pneumoperitoneum 
work.  Very  little  air  is  necessary  in  the  exami- 
nation of  this  region,  and,  if  infiation  is  carried 
on  with  the  patient  in  a  recumbent  position 
under  the  lluoroscope,  any  involvement  of 
this  space  can  be  at  once  detected,  and  the 
inflation  discontinued.  If  the  procedure  is 
carried  out  in  this  fashion,  there  need  be  little 
fear  ol  breaking  any  existing  adiicsion  walling 
ofi"an  infectious  process,  no  matter  how  delicate 
or  recently  formed.  Inft)rmation  gained  in 
this  manner,  either  cstaJjlisiiing  the  presence 
of  a  subdiaphragmatic  abscess  or  excluding 
its  possibility,  is  of  the  utmost  value  in  tlie 
prognosis  and  treatment  of  the  condition.  This 
is  especially  true  since  the  accepted  method  of 
surgical  procedure  for  drainage  of  such  abscesses 
is  \ery  extensive  and  necessarily  involves  vital 
structures.  The  author  cites  a  number  of  cases 
where  this  method  assisted  matcriallj^  in  the 


difficult  diagnosis  including  empyema,  peri- 
nephritic  abscess,  cardiospasm,  adhesions  of 
the  viscera  to  the  diaphragm,  and  hernia  of 
the  hollow  viscera  through  the  diaphragm. 

Cooper,  J.  R.     Fibroma  of  Stomach.  J.  Am. 

M.  Assn.,  Feb.  24,  1923,  Ixxx,  No.  8,  p.  549. 

The  author  reports  a  case  of  a  male,  aged 
forty-five,  suffering  from  gastric  and  intestinal 
hemorrhages.  Two  years  previously  the  patient 
at  times  became  dizzy,  and  his  stools  after 
these  spells  were  dark  and  of  a  tarry  consist- 
ency. A  year  later,  his  dizzy  spells  became 
more  pronounced  and  he  occasionally  vomited 
blood  in  considerable  quantities.  The  pre- 
roentgen  diagnosis  was  ulcer  of  the  stomach  or 
duodenum.  The  roentgen  study  before  adminis- 
tering the  opaque  meal  showed,  extending 
into  the  gas  bubble  of  the  stomach,  a  tumor- 
like mass  about  as  large  as  a  medium-sized 
orange.  It  was  observed  to  rise  and  fall  with 
respiration,  and  no  pulsation  could  be  seen. 
With  the  stomach  filled  with  the  barium 
mixture  the  tumor  could  not  be  seen.  Aneurism 
of  the  abdominal  aorta  was  thought  of;  but 
the  Wassermann  reaction  was  negative  and 
there  were  no  pulsations.  At  operation  a 
fibromyoma,  the  size  of  an  apple,  was  removed 
from  the  cardiac  end  of  the  stomach.  The 
tumor  was  growing  from  the  anterior  wall, 
about  an  inch  and  a  half  from  the  cardia. 
The  pathological  report  showed  fibromyoma 
with  a  large  ulcer  in  the  mucous  surface. 

Knapp,  Harry  B.  Dislocation  of  the  Semi- 
lunar Carpal  Bone.  J .  Am.  M.  Assn.,  Dec.  9, 
1922,  Ixxix,  1992. 

The  mechanism  of  semilunar  carpal  bone 
dislocation  is  the  same  as  that  which  produces 
the  common  Colles'  fracture,  this  mechanism 
being  the  sudden,  forcible  hypercxtension  of 
the  wrist.  If  the  anterior  radiocarpal  ligament 
is  ruptured  by  the  hypercxtension,  the  semi- 
lunar carpal  bone  is  apt  to  be  dislocated 
anteriorly.  This  ligament  usually  does  not 
rupture,  but  the  radius,  instead,  is  fractured. 
Thus  fracture  is  many  hundred  times  more 
common  than  dislocation. 

Diagnosis  is  easily  made  from  a  roentgeno- 
gram taken  in  the  lateral  position,  which 
shows  the  moon-shaped  bone  more  or  less 
completely  rotated  forward,  boldly  jutting 
out  of  its  place  in  the  general  alignment  of 
the  wrist  structures.  The  length  of  the  hand 
appears  shortened,  owing  to  tiie  settling  of 
the  OS  magnum  into  the  space  left  by  the  semi- 
lunar. The  anteroposterior  diameter  of  the 
wrist  is  increased  and  the  semilunar  bone 
may  be  felt  as  a  hard,  perhaps  movable 
prominence  beneath  the  flexure  tendon  in 
the  anterior  wrist  region. 
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CARCINOAIA  OF  THE  SMALL  BOWEL* 

BY   MILTON    M.    PORTIS,    M.D.,   AND   SIDNEY   A.    PORTIS,    M.D. 


CARCINOMA  of  the  small  bowel  is  a 
comparatively  rare  lesion.  Ewing 
states  that  it  comprises  3  per  cent  of 
intestinal  carcinoma.  Of  the  41,858  necrop- 
sies at  the  Vienna  General  Hospital,  3,585 
were  cases  of  carcinoma.  Of  these,  343  were 
in  the  bowel,  and  only  1 1  of  these 
were  in  the  small  bowel.  Hinz  found, 
among  584  cases  of  carcinoma  of  the 
intestinal  tract,  that  only  18  were  located 
in  the  small  bowel.  Johnson,  in  a  recent 
paper,  reported  2  cases  of  carcinoma  in 
the  jejunum  and  one  in  the  ileum.  Be\an 
reported  5  cases  of  cancer  of  the  jejunum. 
Cancer  of  the  duodenum  is  reported  by 
Lichty  in  6  cases,  McGuire,  4  cases, 
Herman,  2  cases,  Jefierson,  Dea\er  and 
Head  each,  i  case.  Judd  reported  24  cases, 
5  of  which  were  in  the  duodenum,  1 1  in 
the  jejunum  and  6  in  the  ileum,  and  2 
multiple  cases.  About  70  per  cent  of  the 
cancers  of  the  duodenum  are  located  at 
the  ampulla. 

These  tumors  of  the  small  intestine, 
according  to  Ewing,  are  of  three  distinct 
forms : 

1.  Part  of  a  local  or  general  intestinal 
polyposis.  This  is  rather  rare  in  the  small 
intestine,  being  more  frequent  in  the 
colon.  This  type  probably  explains  the 
occurrence  of  multiple  carcinoma  with 
several  strictures  produced. 

2.  Multiple  or  single  benign  embryonal 
carcinoid  tumors,  which  are  usually  found 
in  the  ileum  and  jejunum  in  the  form  of 
single  or  multiple  firm  opaque  nodules  as 
large  as  a  pea  or  bean.  They  lie  in  the 
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mucosa  or  submucosa.  In  structure  they 
form  three  groups: 

(a)   Pancreatic  island  tissue. 

(6)   Heterotropic  intestinal  mucosa. 

(c)   Brunner's  glands. 

3.  Localized  adenocarcinomas  arise 
under  various  conditions,  from  single 
intestinal  polyps,  and  tend  to  maintain 
an  adenocarcinomatous  structure.  The 
majority  of  the  intestinal  carcinomas  are 
of  this  type.  When  ulceration  is  delayed, 
the  tumors  may  reach  sufficient  size  to 
obstruct  the  lumen.  Ulceration  and 
stricture  more  commonly  result.  Metas- 
tases are  present  in  about  one-third  of  the 
cases,  and  involve  the  mesentery,  liver, 
lungs  and  peritoneum. 

The  clinical  picture  is  \ariable,  depend- 
ing on  the  type  and  age  of  the  carcinoma. 
In  the  early  cases,  before  obstruction, 
there  may  be  no  subjective  symptoms, 
and  the  patient  may  not  be  aware  of  the 
presence  of  the  tumor  until  obstructive 
symptoms  appear.  Although  hemorrhage 
is  uncommon,  yet,  even  in  the  earliest 
stage,  erosion  occurs,  and  occult  blood  is 
found  in  the  stools.  This  is  of  greatest 
importance  in  an  early  diagnosis. 

As  is  common  in  carcinoma  in  any  part 
of  the  body,  loss  of  weight  and  anemia 
take  place.  Asthenia  and  a  vague  ab- 
dominal discomfort  are  complained  of. 
Later,  pain  is  felt,  and  this  increases  as 
obstruction  begins.  It  may  be  colicky  and 
paroxysmal,  especially  when  there  is  much 
tympanites.  A  progressi^•ely  developing 
constipation   is   complained  of,  especially 

RuENTUEN  Ray  Society,  Los  Angeles,  Calif..  Sept.  12-16.  1922. 
419 


420 


Carcinoma   of  the  Small   Bowel 


with  delinite  stenosis  at  the  tumor  site. 
At  times,  constipation  does  not  appear  at 
all,  but  diarrhea  is  present.  Rarely,  con- 
stipation alternates  with  diarrhea.  Very 
soon,  stomach  symptoms  appear.  Belching 
and  nausea,  anorexia  and  thirst  are  com- 
plained of,  and  later  vomiting  begins. 
The  vomiting  is  frequently  repeated  as 
often  as  6  to  8  times  daily,  and  the  vomltus 
is  usually  of  a  greenish  color.  In  a  well- 
developed  case  it  may  have  a  brownish 
color  and  a  fecal  odor.  The  typical  picture 
of  intestinal  obstruction  appears  with  the 
closure  of  the  stricture. 

The  triad  of  symptoms  which  are  of 
diagnostic  value  is  a  stubborn  constipation, 
with  or  without  alternating  diarrhea, 
severe  attacks  of  colicky  pain,  and 
vomiting. 

Objective  symptoms  are  not  found  early, 
but  with  developing  stenosis  there  is 
tympanites,  visible  peristalsis,  and  a  tumor 
may  be  palpated.  The  tumor  is  usually 
small  and  firm.  It  is  movable  and  change- 
able in  location.  With  marked  vomiting 
there  may  be  pronounced  dehydration 
and  signs  of  severe  intoxication. 

Laboratory  studies  of  the  gastric  con- 
tents do  not  show  evidence  of  disease. 
The  stools  rarely  show  gross  blood,  but 
occult  blood  is  usually  found,  and  is  the 
most  reliable  of  the  early  findings.  The 
x-ray  is  of  great  help  in  the  diagnosis. 
A  normal  stomach  and  duodenal  bulb  help 
to  rule  them  out  as  a  cause  for  the  occult 
blood.  The  duodenum  is  usually  dilated 
and  likewise,  the  small  bowel  proximal  to 
the  stcnosing  tumor.  Gas  and  fluid  are 
found  in  the  distended  bowel.  The  amount 
of  dilatation  found  will  naturally  vary 
with  the  duration  of  the  tumor,  and  the 
amount  of  stenosis  produced  by  it.  In 
the  cases  in  the  literature,  an  early  diagno- 
sis was  not  made,  and  only  at  operation 
for  acute  obstruction  was  the  tumor  found. 
This  is  too  late  for  a  cure.  A  routine 
examination  of  all  stools  for  occult  blood 
will  be  of  decided  help  in  discovering  these 
lesions  early  enough  for  operative  aid. 
In  the  differential  diagnosis,  tuberculosis 
must  be  ruled  out  carefully.  Actinomycosis 
at  times  gives  a  similar  picture  and  rarely, 
syphilis. 

Wc  wish  to  report  a   case  referred   b\ 


Dr.  Plummer  in  191  ~.  A  woman  of  lift\"- 
two  complained  of  nausea  and  vomiting 
and  rapid  loss  of  weight.  She  had  con- 
siderable abdominal  distress.  There  was 
marked  tenderness  in  the  upper  abdomen, 
but  no  mass  could  be  felt.  The  stomach 
test  was  normal  and  the  stool  showed 
occult  blood  constantly.  The  .\-ray  ex- 
amination made  by  Dr.  Jenkinson  revealed 
a  normal  stomach  and  duodenal  bulb,  but 
there  was  a  delay  in  the  emptying  time. 
The  duodenum  was  dilated,  and  likewise, 
the  jejunum  proximal  to  a  definite  con- 
striction in  it.  The  right  lower  lobe  of  the 
lung  showed  several  small,  round,  solid 
areas,  which  suggested  metastases. 

Because  of  the  uncontrollable  vomiting. 
Dr.  Plummer  operated  and  found  a  ring 
carcinoma  of  the  jejunum  near  the  duo- 
denum. The  mesenteric  glands  were  defi- 
nitely in^■olved.  A  gastrojejunostomy  was 
done.  Unfortunately,  the  plates  in  this 
case  have  been  misplaced. 

A  second  case  was  referred  to  us  by  Dr. 
Christofterson,  and  it  is  through  his 
kindness  that  we  are  presenting  it  to  you. 
A  male,  thirty-four  years  old,  complained 
of  epigastric  distress,  vomiting,  loss  of 
weight,  weakness,  night  sweats  and  tinni- 
tus. For  the  past  six  weeks  he  had  had 
abdominal  distress  with  swelling  on  the 
left  side.  The  swelling  was  intermittent 
and  accompanied  by  cramp-like  pains,  and 
visible  peristalsis.  Vomiting  occurred  at 
a  later  stage,  and  he  brought  up  food  eaten 
twenty-four  hours  or  more  before.  At 
times  the  Aomitus  had  a  fecal  odor,  and 
was  green  to  yellow  in  color.  The  trouble 
came  on  at  intervals.  At  first  the  attacks 
occurred  once  a  week,  but  later,  as  often 
as  twice  a  week.  Between  attacks  he  felt 
fairly  well.  An  enema  brought  no  relief. 
In  the  pre\'ious  six  weeks  he  had  lost  20 
lbs.,  and  felt  very  w^ak.  He  had  had  no 
night  sweats.  Constipation  began  several 
weeks  before  and  was  now  \ery  stubborn. 
Bowels  would  not  mo\e  without  an  enema. 

Physical  signs  of  the  heart  and  lungs 
were  normal.  The  abdomen  was  distended, 
but  no  peristalsis  was  n  isible.  No  mass 
could  be  felt.  There  was  tenderness  on  the 
left  side,  just  above  the  level  of  the  umbili- 
cus. The  stomach  test  was  normal,  except 
for  delay  in  empt\  ing.  The  stool  showed  a 
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marked  reaction  For  occult  bU)od.  His 
Wassermann  test  was  negati\c,  and  there 
was  a  secondary  anemia.  The  Von  Pirquet 
test  was  slightly  positive.  The  urine 
showed  a  high  indicanuria. 


tion  showed  a  delinite  constriction.  Re- 
versed peristalsis  was  seen  in  the  dilated 
portion  proximal  to  the  constriction.  Op- 
eration was  advised  for  a  probable  tumor 
of  the  jejunum.  Dr.  ChrlstotYerson  found 


Fic.  I. 


The  .v-ray  showed  normal  chest  (indmgs. 
The  stomach  was  in  a  transverse  position, 
but  was  normal  in  its  findings.  The  duo- 
denum was  dilated.  The  small  bowel  near 
the  duodenum  was  fdled,  and  remained  so, 
giving  the  appearance  of  a  stomach  with 
air  space  above  a  fluid  level.  (See  Fig.  i.) 
The  bowel  at  the  point  distal  to  the  dilata- 


an  annular  growth  in  the  jejunum  near 
the  ileum.  A  resection  and  a  lateral 
anastomosis  were  carried  out. 

A  specimen  of  the  excised  tumor  was 
shown  to  Dr.  Schultz,  who  reported  as 
follows : 

"Gross.  Resected  segment  of  small 
intestine  5  cm.  long.  At  its  middle  there  is 
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a  rather  sharp  constriction  2  cm.  in 
external  diameter.  In  which  the  external 
surface  for  half  the  circumference  is 
formed  by  a  slightly  raised,  firm,  pale 
area  i  cm.  wide  in  the  longitudinal  axis  ot 
the  gut.  Above  the  constriction  the  gut  Is 
4  cm.  In  diameter;  below  it,  2.5  cm.  In  the 
region  of  the  constriction  a  pale,  rather 
dense,  well-defined,  mushroom  mass  pro- 
jects into  the  lumen;  this  is  2  cm.  wide  In 
the  long  axis  of  the  gut.  (See  Fig.  2.) 
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DISCUSSION" 

Dr.  Moore.  I  enioyed  Dr.  Portis'  pre- 
sentation very  much.  Certainly  these  cases  of 
malignancy  of  the  small  bowel  are  sufficiently 
rare  to  be  of  unusual  interest,  and  jet  they  do 
occur   as   a   definite   thing,   and   therefore  we 
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Fig.  3. 


"Microscopic.  Both  above  and  below, 
the  transition  of  normal  mucosa  to  tumor 
is  sudden  and  sharp.  The  tumor  Is  com- 
posed of  stroma  of  variable  density.  In 
which  are  embedded  atypical  glandular 
alveoli.  The  latter  vary  in  shape  and  In 
size;  many  are  branched,  and  In  many  the 
epithelium  Is  Infolded.  The  epithelium  in 
general  is  of  the  intestinal  cylindrical 
type,  but  in  many  alveoli  It  Is  more 
atypical  and  polyhedral.  MIto.ses  are  num- 
-erous.  The  entire  Intestinal  wall  Is  pene- 
trated by  the  tumor  mass,  which  has 
replaced  muscle  and  the  other  constituents 
of  the  wall."  (See  Fig.  3.) 


must,  as  roentgenologists,  be  on  the  lookout 
for  them.  Personally,  I  have  seen  two  cases  of 
malignancy  of  the  small  bowel,  with  loca- 
tion of  growth  high  in  the  duodenum.  One 
was  an  adenocarcinoma.  Tiiere  was  a  six-hour 
retention  in  the  stomach  and  marked  dilatation 
of  the  duodenum  proximal  to  tiie  growth. 

The  second  case  was  a  growth  situated  in 
the  duodenum,  but  close  to  the  jejunal  angle, 
and  caused  no  obstruction  in  the  stomach. 
Ho\ve\er,  it  caused  a  marked  retention  of 
the  six-iiour  meal  in  the  small  bowel  proximal 
to  tiie  grow  til,  and  there  was  extreme  dikitation. 

Both  of  these  cases  were  operated  on.  The 
first  case  was  an  adenocarcinoma  of  metastatic 
origin.  The  second  case  was  operated  on  and 
left  the  year  following. 
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The  thing  that  impressed  me  was  the  extreme 
degree  of  prostration  in  those  two  cases.  It 
seemed  to  me  that  the  prostration  was  con- 
siderably in  excess  of  the  complaint  of  the 
patients  as  to  their  length  of  symptoms  and 
their  discomfort  and  blood  picture,  the  anemia 
not  being  particularly  marked  in  either  case. 

Dr.  Jaches.  While  I  appreciate  the  com- 
pliment the  chairman  has  paid  me,  I  realh' 
do  not  know  why  he  asked  me  to  discuss  this 
paper,  except,  perhaps,  that  he  wanted  to 
keep  me  indoors  so  that  I  could  sit  here  and 
enioy  the  presentation  of  Dr.  Portis. 

Personally,  I  have  seen  no  such  case,  to  the 
best  of  my  recollection.  The  only  lesion  of 
the  smaller  bowel  which  caused  dilatation  and 
almost  presented  a  picture  similar  to  the  one 
shown  by  Portis,  was  a  type  that  he  excludes 
in  his  paper — one  that  occurs  in  the  cecal 
area. 

I  am  glad,  however,  to  have  heard  this,  be- 
cause, although  the  condition  is  very  rare,  we 
will  nevertheless  be  on  the  lookout  for  it;  and 
\\e  can  never  tell  when  a  condition  which 
occurs,  say  once  in  ten  thousand  cases,  will 
strike  us  very  hard. 

I  simply  want  to  thank  Dr.  Portis  for 
having  given  me  an  opportunity  to  listen  to  his 
paper. 

Dr.  LeWald.  The  following  4  cases  occurred 
in  the  service  at  St.  Luke's  Hospital:  One  was 
in  the  second  portion  of  the  duodenum  and 
caused  obstructi\e  symptoms;  that  was  an 
adenocarcinoma.  It  was  simply  explored  and 
the    diagnosis    confirmed.    Another    case    was 


operated  on  and  the  tumor  in  the  jejunum 
resected.  I  do  not  have  complete  notes  of  the 
final  outcome. 

Another  case,  also  in  the  jejunum,  caused 
partial  obstructive  symptoms.  The  fourth 
case  was  one  that  had  been  operated  on  by 
another  surgeon,  who  had  simply  performed 
an  intestinal  anastomosis  to  the  abdominal 
wall,  and  the  question  came  up  as  to  where 
the  connection  had  been  made.  I  injected 
sodium  bromide  solution  20  per  cent  through 
the  fistula  and  made  a  diagnosis  of  jejunal 
fistula.  If  you  are  in  doubt  about  what  to  use 
in  examining  a  sinus,  you  may  use  sodium 
bromide  solution  with  perfect  satisfaction.  It 
acts  as  a  cathartic  if  it  reaches  the  bowel  and 
is  promptly  eliminated.  It  is  the  same  solution 
we  use  in  obtaining  a  pyelogram. 

Dr.  Portis  (closing  discussion).  I  am  very 
glad  to  hear  Dr.  Le\\  aid  report  that  he  has 
found  such  cases.  As  Dr.  Jaches  has  said,  any 
one  of  you  might  unexpectedly  be  confronted 
with  a  case  of  this  type.  They  are  very  easy  to 
diagnose. 

Two  cases  which  I  saw  I  recognized  very 
quickly,  largely  after  excluding  the  stomach 
by  laboratory  and  x-ray  methods.  The  .v-ray 
evidence  is  clean  cut.  When  you  find  occult 
blood  in  the  stool,  and  you  have  a  picture  of 
the  individual  I  described,  you  can  fairly  defi- 
nitely assume  that  you  are  dealing  with  a 
possible  malignancy.  At  least  it  is  surgical, 
and  if  the  surgeon  should  not  find  malignancy, 
there  still  is  definite  indication  for  operation, 
and  vou  are  wise  in  advising  it. 


ROENTGEN  GASTROINTESTINAL  STUDIES  OF  PATIENTS 
WITH  CHRONIC  DEFORMING  ARTHRITIS* 

BY    R.   G.   TAYLOR,    M.D. 

Hospital  of  The  Good  Samaritan 

LOS    ANGELES,    CALIFORNIA 


''I'^HIS  subject  was  approached  originally 
-L  from  the  surgical  sicle,  and,  so  far  aswe 
are  personally  concerned,  has  been  studied 
largely  from  that  viewpoint,  due  to  the 
fact  that  most  of  the  work  that  we  have 
done  has  been  done  for  surgeons. 

Starting,  with  the  proposition  that  the 
cause  of  chronic  delbrming  arthritis  is  an 


Fig.  I.  CaseSyoi.  Twenty-tour  hours  p.c.  iMobile 
colon,  except  tip  of  cecum  which  is  fixed  by  appendix, 
adherent,  high  up  inside  of  ilium.  Pouching  down- 
ward of  movable  coUm  forms  pocket,  which  I'ails  to 
empty  in  seventy-two  hours.  Findings  confirmed  at 
operation. 

intestinal  infection,  probably,  more  specif- 
ically, a  perverted  bacterial  flora  in  the 
intestines  with  secondary  joint  infections, 


These  studies  have  been  made  by  giving 
a  single  meal,  examining  the  upper  tract, 
and  then  at  six,  nine,  eleven,  and  twenty- 
four  hours  making  observations,  chiefly 
with  the  screen,  but  with  some  films  for 
record  purposes.  Thereafter  observations 
are  made  each  twenty-four  hours  until  the 
final  disposition  of  the  meal  is  determined. 


Fig.  2.  Case  S46CJ.  Seventy-two  hours  p.c.  Deformity 
of  cecum  caused  by  retrocecal  adherent  appendix 
making  pocket  in  cecum  which  does  not  empty  in 
seventy-two  hours.  Findings  confirmed  at  operation. 

An  enema  is  given  if  the  distal  colon  is  not 
fairly  well  visualized,  or  if  there  isanything 
noted  with  the  meal  suggesting  pathology. 
In  a  general  way,  the  things  we  have 
observed  have  been:   First,   the  majority 


these  roentgen  studies  have  been  pursued,  of  these  patients  ha\e  a  certain  type  of 
It  is  reccgnized  that  the  theory  of  the 
gastrointestinal  origin  of  this  type  of  arthri- 
tis is  not  universally  acceptecf.  Neverthe- 
less, holding  this  theory,  we  have  made 
the  gastrointestinal  studies  with  it  as  a 
basis. 


colon  characterized  tyiDically  by  its  abnor- 
mal length  and  abnormal  mobility.  Second, 
practically  all  the  cases  that  have  become 
chronic  show  so-called  surgical  lesions  in 
the  right  colon,  or  in  the  ileum,  or  in  both. 
Third,  these  lesions  consist  of  adventitious 
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bands  similar  to  Jackson's  membrane,  in-     showing    a    little  higher  in  the  colon  are 

volving  the  colon,  usually  above  the  ileo-     the    chief   factor. 

cecal  valve,  and  in\olving  occasionally  the  The     presence     of     these     bands     and 


Fig.  3.  Case  ^034.  Twenty-lour  hours  p.c.  Cecum 
descending  into  pelvis  with  band  making  torsion 
in  this  position  above  ileocecal  valve.  Colon  distal 
to  band  rotated,  showing  appendix  on  the  right  of 
cecum. 


Fig.  4.  Case  8034.  iSame  case  as  in  Figure  3.1  I-orty- 
eight  hours  p.c.  Cecum  raised  out  of  pelvis.  Tension 
on  band  relaxed  relieving  rotation.  Appendix  in 
normal  position  on  the  "left  and  normal  outline  of 
colon.  Findings  confirmed  at  operation. 


ileum,  producing  the  so-called  Lane  kink 
and  other  less  typical  fixations,  or  chronic 
appendicitis,  or  the  results  of  an  acute 
inflammatory  process  in  the  appendix 
with  adhesions  and  fixation  of  the  cecum 
and  appendix  to  surrounding  structures, 
notably  the  ileum  and  right  colon  itself 
(the  appendix  is  frequently  retrocecal),  or 
post-operative  adhesions  follow  ing  removal 
of  the  appendix. 

We  belie\"e  the  adventitious  bands  are 
usually  congenital  or  are  developmental 
processes,  the  result  of  the  abnormal  mo- 
bility of  the  right  colon.  Some  of  them 
may  be  the  result  of  local  inflammatory 
processes  in  this  region,  chiefly  from  the 
appendix;  but  there  are  apparently  two 
fairly  distinct  types  of  cases:  those  in  which 
the  appendix  and  the  results  of  its  inflam- 
mation are  the  chief  factor,  and  those  in 
which     the     adventitious     bands     usually 


Fig.  5.  Case  9373.  Forty-eight  hours  p.c.  Rotation  of 
cecum  bv  band  when  "descended  into  pelvis.  Twist  of 
bowel  shown  by  partially  filled  rugae.  Fmdings 
confirmed  at  operation. 

adhesions    results    in    a    crippling   of  the 
intestine,   which   is   evidenced   roentgeno- 
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logically    by    certain    deformities    in    the     percentage    of   cases    by    a    definite    local 
barium  shadow  and  evidence  of  torsion  or     stasis  proximal  to  the  lesion. 


Qa-Ly^, 


Case 


Fig.  6.  Case  8993.  Seventy-two  hours  p.c.  Anomalous  position  of  cecum  at  center 
line  in  the  pelvis;  very  movable,  low  hepatic  flexure  and  transverse  colon.  Torsion 
in  the  ascending  colon  about  its  middle  with  practically  no  emptying  at  seventy- 
two  hours.  This  is  probably  congenital  over  rotation  without  fixation  at  the 
flexure.    Findings    confirmed    at    operation. 

In  connection  with  the  theory  of 
intestinal  infection  it  seems  reasonable  to 
belie\e  that  a  local  stasis  distinctly  favors 
infection  and  perversion  of  the  normal 
llora.  This  has  been  well  demonstrated  in 
other  portions  and  organs  of  the  body. 
The  interest  of  the  roentgenologist  con- 
sists in  the  demonstration  of  the  lesions 
which  probably  are  responsible  in  most 
cases  lor  the  crippling  and  stasis. 

Granted  that  there  is  an  infection,  and 
that  there  is  a  crippled  portion  of  the 
intestine,  it  would  seem  reasonable  to 
assume  that  the  crippling  of  the  intestine, 
especially  if  it  produced  local  stasis,  is  a 
factor  in  the  continuance  of  the  infection, 
and  certainly  must  be  taken  into  consider- 
ation when  an  attempt  is  made  to  bring 
about  a  normal  condition.  We  therefore 
belie\e  that  these  lesions  must  be  done 
away  with  before  marked  permanent 
improxement  in  the  local  condition  can 
be  expected.  A  certain  percentage  of  these 
cases  that  show  some  crippling  but  no 
actual  stasis  would  seem  to  offer  a  chance 
for  pure  medical  treatment;  but  the  others 
are  distincth'  surgical. 


1.  Seventy-two  hours  p.c.  Almost 
entire  retention  of  meal  in  right  colon  and  hepatic 
flexure.  Constricting  band  in  transverse  colon,  just 
distal  to  flexure.      I'indings  confirmed  at  operation. 

twisting  or  kinking  of  the  gut  with  result- 
ing   constriction;    also    in    a    fairly    large 
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We  belle\e  that  the  roentgenologist  can, 
in  a  general  way,  segregate  these  two 
classes  from  his  findings,  and  also  that 
he  can,  with  a  reasonable  amount  of 
experience  and  observation,  In  the  surgical 
cases,  tell  the  surgeon  the  type,  location, 
and  kind  of  lesion  to  be  expected,  and  give 
him  some  Idea  as  to  the  degree  of  normal 
function  being  performed  by  the  bowel. 

A  check-up  of  the  roentgen  findings  with 
the  operative  findings  In  between  30  and  40 
cases  shows  a  very  gratifying  percentage 
of  correct  diagnoses,  the  chief  place  of 
error  being  in  the  Ileum,  pathology  being 
ordinarily  found  there  when  Indicated  by 
the  roentgenologist,  but  also  occasionally 
being  found  when  not  shown  by  him;  error 
in  reference  to  the  colon  and  cecum  being 
practically  negligible. 

The  results  of  the  treatment  of  these 
cases  are  not  to  be  Included  in  this  paper 
except  to  say  that  with  proper  roentgen 
selection  a  reasonable  proportion  of  the 
so-called  non-surgical  cases  ha\e  shown 
satisfactory  and  gratifying  Improvement. 
Of  the  surgical  cases,  about  50  per  cent  of 
those  whose  operation  Is  remote  enough 
to  determine  the  final  result,  ha\'e  shown 
practically  complete  arrest  of  the  disease. 
The  other  50  per  cent  are  graded  from 
"improved"  to  a  few  that  have  shown  no 
improvement.  The  results  have  been  grati- 
fying enough  In  this  practically  hopeless 
type  of  disease  to  make  us  feel  that  we 
are  warranted  In  further  pursuing  this 
subject  and  developing  Its  diagnosis  and 
treatment. 


The  purpose  of  this  paper  is  to  call 
again  the  attention  of  roentgenologists 
to  the  Importance  of  roentgen  studies  in 
these  cases,  to  the  value  of  the  findings, 
and  to  the  very  distinct  and  easily  demon- 
strated types  of  lesions  that  are  almost 
invariably  found  In  the  gastrointestinal 
tracts  of  these  patients;  also  to  impress  on 
the  Internists  who  are  interested  In  treating 
this  disease  with  the  intestinal  infection 
theory  of  causation  as  a  basis,  the  futility 
of  attempting  to  get  permanent  results  In 
the  cases  which  show  frank  surgical  lesions. 

It  Is  to  be  noted  that  this  type  of  long 
mobile  colon,  with  ad\entitious  bands,  or 
with  bands  and  adhesions  due  to  past  or 
present  appendix  inflammation,  has  been 
found  m  many  patients  who  do  not  show 
arthritis.  Howe\er,  a  careful  re\iew  of  these 
non-arthritic  patients  shows  them 
mvariably  to  be  subject  to  symptoms  that 
are  most  easily  explained  as  being  the 
result  of  an  Intestinal  infection.  As  to  why 
these  patients  do  not  ha\e  arthritis  and 
others  do,  is  a  matter  that  Is  still  unsettled 
and  under  discussion.  We  hope  some  day 
In  the  near  future  to  report  the  studies  on 
these  patients. 

With  regard  to  the  routine  examination 
of  patients  In  the  manner  above  outlined, 
we  have  tried  numerous  short-cuts,  all  of 
which  appear  to  have  been  lacking  In 
some  essential,  and  ha\e  been  discarded. 
We  have  come  to  the  conclusion  that  the 
additional  and  more  accurate  information 
gained  well  repays  the  roentgenologist 
for  the  extra  work  invoked. 


A  COMPARISON  OF  CLINICAL  AND   ROENTGENOLOG- 
ICAL OBSERVATIONS  IN  PULMONARY 
TUBERCULOSIS 

BY  FRANK  S.  BISSELL,  M.D. 
Roentgenologist  to  the  Minneapolis  Clinical  Association 

MINNEAPOLIS,    MINNESOTA 

INTRODUCTION  was  made  in  collaboration  with  Dr.  E.  T. 

r.-^iit-  •  *■       *u  *■  „T^^„  „^^^^.-„t;^„  F.  Richards  of  St.  Paul,  in  ign,  and  pub- 

'^I^Hb.  conviction  that  close  cooperation  ■•  l   j     •       ^l       a  t 

I     ,    ^  *u     I  „-„i:^4.   „„^  +[,„  lished    in    the    American    Journal    of 

JL    between  the   lung  specialist  and  the  „ 

roentgenologist  are  essential  in  the  diagno-  Koentgenology. 

sis  of  pulmonary  disease  has  led  the  writer  roentgen  technique 

to  enlist    the    assistance    of    Dr.    W.    J.         j^     g^gn^s      necessary      to      emphasize 

Marcley  m  this  study.  Out  oj  265  cases  repeatedly  two  important  considerations, 

examined  for  the  U.S.P.H.b.  during  part  j^  ^^le  hope  that  they  may  eventually  find 

of  1919  and   1920,   114  cases,  in  which  a  ^   pj^^^  ^^  ^H   criticism   of  the   roentgen 

satisfactory   examination   had   been   com-  diagnosis  of  pulmonary  disease: 

pleted  by  both  of  us,  were  selected  and  j_  j^iSit  the  lung  roentgenograms,  from 

theresultof  the  study  tabulated.  ^^.^jch    safe    deductions    may    be    drawn. 

Total  Number  of  Cases  in  Series 1.4  "^"^t     be     of    the     beSt     quality,     prepared 

R.  Positive— C.  Positive 59  according  to  a  Standard  technique. 

R.  Positive— C.  Negative o  2.  That  much  intensive  study  and  large 

R.  Negative— C.  Negative  15  experience  are  quite  as  essential  to  intelli- 

R.  Negative — C.  Positive 4  gcnt  interpretation  of  roentgenograms  as 

_  .    ,         .  g  they  are  to  other  special  types  of  medical 

procedure. 

Analysis  of  Indeterminate  Group  Important  factors  in  technique  are: 

Total.............  —  ^ 36  (q)  Position  of  patient  (vertical,  breast 

Called  probably  tuberculosis 26  •      .^     i    .^  i       ^.L  ^         j\ 

Clinically  positive  23  against  plate,  scapulae  thrown  outward). 

Clinically  negative 3  (6)  Tube  distance  and  shift  (accurately 

Called  probably  not  tuberculosis  10  correlated) 

Clinically  positive 6  /  \     t-  •  /  i- 

Clinically  negative 4  W   Exposure   time   (not  exceeding  one- 
tenth  second). 

It  is  perhaps  unfortunate,  from  a  scien-  (-^^  Tube  (fine  focus), 

tific  point  of  view,  that  any  diagnosis  of  (g)  Accurate  time  de\eIopment. 
tuberculosis  in  its  earliest  stages  may  justly 

be  questioned  on  the  ground  that  there  is  the  advantages  of  cooperation 
no  single  infallible  test,  uninfluenced  by  It  is  indeed  disheartening  in  this  day  of 
the  judgment  of  the  examiner,  by  which  medical  advancement,  to  observe  so  fre- 
the  correctness  of  such  a  diagnosis  may  be  quently  men  without  sufficient  experience 
proved.  Nevertheless,  careful  observation  to  appreciate  the  pitfalls,  attempting  to 
for  a  sufficient  length  of  time,  skilful  interpret  lung  roentgenograms  which 
elicitation  and  conservative  interpretation  would  be  wholly  unreadable  to  the  most 
of  physical  signs,  study  of  pulse  and  tem-  experienced.  The  writer  would  not  dis- 
perature  curve  and  the  determination  of  courage  the  laudable  efforts  of  those  inter- 
sensitiveness  to  tuberculin  administered  ested  in  lung  diseases  to  familiarize 
subcutaneously,  will  produce  a  mass  of  themselves  with  x-ray  diagnosis,  but  would 
evidence  which  should  be  acceptable  in  merely  emphasize  the  danger  of  relying  too 
any  medical  court.  much    upon    their    own    roentgenological 

The  cases  reported  herein  were  checked  deductions  until  they  havegivcnthesubject 

by  clinical  studies  as  outlined  above,  and  as  much  or  more  study  than  they  have  found 

by  independent  roentgcn-ray  observations,  it  necessary  to  de\  ote  to  other  diagnostic 

A  similar  study  with  very  similar  results  procedures. 
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The  roentgenologist  with  his  greater 
experience  in  the  interpretation  of  lung 
stereograms  could  be  of  much  greater 
assistance  to  the  clinician  if  he  were  more 
in  the  latter's  confidence.  There  is  a  well- 
marked  disposition  on  the  part  of  most 
clinicians  to  withhold  (consciously  or 
inadvertently)  clinical  data  in  their  posses- 
sion from  the  roentgenologist.  From  a 
practical  standpoint  this  is  ill-advised, 
since  it  may  lead  the  roentgenologist  into 
avoidable  error,  and  this  in  turn,  may 
mislead  the  clinician  himself.  The  roent- 
genologist should  be  treated  as  any  other 
consultant,  and  supplied  with  all  infor- 
mation available.  He  is  then  in  a  position 
to  confirm,  refute,  or  supplement  the 
clinical  findings. 

When  the  history  of  the  early- develop- 
ment of  this  work  has  been  written,  the 
name  of  Kennon  Dunham  will  stand  pre- 
eminent as  that  of  the  one  who  has  done 
most  to  place  the  interpretation  of  lung 
stereograms  upon  a  pathologico-anatomi- 
cal  basis.  In  our  opinion,  however,  too 
much  reliance  has  been  placed  upon  the  so- 
called  "fan"  or  "cone."  While  this  is, 
doubtless,  a  sign  of  great  value  when 
present,  many  correct  diagnoses  of  early 
pulmonary  tuberculosis  can  and  must  be 
made  without  its  aid.  We  stress  this  point 
because  many  workers  in  this  field  have 
been  led  by  Dunham's  emphatic  state- 
ments to  search  their  stereoscopic  plates 
only  for  the  cone,  and  not  finding  it  have 
discredited  the  roentgen  method  by  failing 
to  make  the  correct  diagnosis.  Dunham's 
latest  publication^  is  an  admirable  piece  of 
work,  in  which  there  is  everything  to 
commend  and  little  to  criticize.  It  is  one  of 
the  most  noteworthy  contributions  to  the 
medical  literature  of  our  day.  It  is  signi- 
ficant that  in  this  article,  he  does  not  stress 
the  value  of  the  "cone"  as  he  has  done  in 
previous  papers. 

ROENTGENOLOGICAL   OBSERVATIONS 

A  careful  review  of  a  large  series  of 
known  tuberculous  cases  of  many  different 
types  and  in  various  stages  of  development 
has  failed  to  show  a  single  instance  in  which 
there  were  not  abnormal  lung  markings  in 
the  periphery  of  the  upper  lung  field 
beyond   the   distribution   of  the   terminal 


bronchi.  It  would  seem,  therefore,  that  for 
practical  purposes  at  least,  the  rule  might 
be  laid  down  that  a  negative  diagnosis  is 
indicated  when  the  lung  parenchyma 
within  this  part  of  the  lung  field  is  free 
from  all  evidence  of  infiltration.  While  it  is 
true  that  tuberculosis  may  chiefly  involve 
the  lower  lung  fields,  this  study  seems  to 
indicate  that  there  are  always  some  signs 
of  the  disease  within  the  area  described. 
These  tuberculous  lesions  take  the  form  of 
fine  tubercle-like  shadows,  sometimes  in 
the  form  of  small  conglomorate  patches, 
and  sometimes  not.  If  the  disease  is  active, 
the  lesions  usually  have  a  cloudy  appear- 
ance, and  there  is  no  perfectly  normal  lung 
area  between  them  and  the  hilus.  If, 
on  the  other  hand,  the  disease  is  arrested, 
healed,  latent,  or  of  the  concealed  type, 
these  patches  are  less  cloudy  in  appear- 
ance and  the  lung  area  around  them 
appears  relatively  normal.  There  are  a  few 
other  pathological  conditions  which  pro- 
duce changes  similar  to  these  in  the  upper 
lung  fields.  Jarvis^'  ^  has  proved  their  occur- 
rence in  marblecutter's  disease.  These 
exceptions  to  the  rule  make  the  positive 
diagnosis  somewhat  less  reliable  than  the 
negative,  but  experience  in  recognizing 
the  differences  in  the  character  of  these 
various  shadow  formations  minimizes  the 
danger  of  error.  The  literature  upon  this 
subject  contains  frequent  references  to 
peribronchial  infiltration,  the  inference 
being  that  these  are  somewhat  character- 
istic of  tuberculosis.  Our  observations  lead 
us  to  conclude  that  peribronchial  infiltra- 
tion is  much  more  characteristic  of  other 
infections  or  bronchial  irritants  and  that 
they  should  receive  little  consideration  in 
the  diagnosis  of  tuberculosis.  A  certain 
type  of  hilus  thickening  frequently  asso- 
ciated with  calcareous  deposits  has  some 
contributory  value,  since  it  indicates  a 
past  tuberculous  infection  which  may  have 
become  reactivated.  Evidence  of  fibrosis 
may  be  accepted  as  pointing  to  a  tubercu- 
lous process  when  it  occurs  in  the  upper 
lung  fields  or  when  there  are  other  signs 
more   or   less  suggestive  of  that  disease. 

CAVITATION 

Tuberculous    cavities    may    usually   be 
recognized  by  dense  annular  shadows,  with- 
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in  which  normal  lung  markings  cannot  be 
seen.  Patches  in  the  lung  with  absolutely 
dense  centers,  indicating  a  caseating  proc- 
ess, are  usually  present  with  such  cavita- 
tions. The  cavity  of  bronchiectasis  is 
differentiated  by  its  thinner  wall  and  more 
cylindrical  contour.  Pulmonary  abscess, 
theoretically,  cannot  be  differentiated  from 
a  filled  cavity,  but  the  latter  is  a  rare 
finding  in  the  study  of  roentgenograms. 
The  small  circumscribed  pneumothorax 
is  difficult  to  differentiate  from  a  cavity 
situated  near  the  pleura,  but  this  again  is 
a  rather  uncommon  location  for  a  tubercu- 
lous cavity. 

DETERMINATION'    OF    CLINICAL    ACTIVITY 

Our  statistical  observations  seem  to 
indicate  that  the  roentgen  method  is  of 
great  value  in  determining  the  degree  of 
activity  of  those  cases  in  which  tuberculous 
lesions  are  present.  In  those  cases 
diagnosed  inactive  the  subsequent  history 
or  course  of  the  disease  agreed  as  a  rule 
with  the  .v-ray  obser\'ations.  Cases  diag- 
nosed as  probably  active  showed  a  some- 
what larger  percentage  of  error,  the 
e\  idence  of  activity  probably  being  due  to 
mixed  infection.  It  is  here  that  clinical 
evidence,  as  shown  by  temperature  cur\e 
and  case  history,  is  of  the  greatest  value. 
Our  roentgen  reports  show  an  increasing 
number  of  cases  classified  as  tuberculous, 
but  with  the  question  of  activity-  indeter- 
minate. This  is  because  we  have  come 
to  believe  that  the  question  of  activity 
can  usually  be  determined  by  clinical 
evidence,  and  that  the  province  of  the 
roentgen-ray  examination  is  rather  that  of 
determining  the  site  and  extent  of  tubercu- 
lous lesions,  presence  of  complications  or 
the  complete  absence  of  clinical  tuber- 
culosis. 

It  should  be  borne  in  mind  that  the 
more  characteristic  signs  of  earl\-  tubercu- 
losis are  probably  caused  by  lymphatic 
engorgement  and  local  congestion,  and 
hence  will  disappear  as  the  process  becomes 
inacti\  c. 

A  diagnosis  ol  clinical  tuberculosis,  based 
upon  the  presence  of  old  tuberculous  lesions 
without  e\idence  of  recent  activity,  tends 
to  discredit  the  roentgen  method. 


ROENTGENOLOGICAL    PROGNOSIS 

In  a  previous  paper,  "Concerning  a 
roentgen  conception  of  pulmonary  tuber- 
culosis,"^ an  attempt  was  made  so  to 
classify  various  types  of  tuberculosis  from 
a  roentgen  standpoint  that  roentgen 
reports  might  be  of  greater  value  in 
establishing  a  correct  prognosis.  Briefly 
stated,  the  various  factors  upon  which 
prognosis  could  be  based  were: 

1.  The  type  of  infiltration  (either  dis- 
crete or  conglomerate). 

2.  The  extent  of  lung  in\'oKement. 

3.  The  presence  of  old  healed  lesions  in 
other  parts  of  the  lung. 

4.  The  amount  of  fibrosis. 

5.  The  presence  of  cavities  and  areas  of 
caseous  pneumonia. 

Thus  in  type  A,  so-called  concealed 
tuberculosis,  the  prognosis  is  favorable  as 
to  life,  but  less  favorable  as  to  complete 
recovery  of  normal  health. 

Type  B  is  more  frank  tuberculosis  with 
typical  clinical  history,  with  marked 
fibrosis  and  no  cavitation.  In  this  type, 
prognosis  is  favorable  under  proper 
management. 

Type  C  represents  those  cases  with  an 
early  tendency  to  cavitation,  in  which  there 
are  massi\e  conglomerate  shadows  in  the 
roentgenogram  indicating  the  presence 
of  caseating  pneumonias.  This  is  the  most 
unfavorable  type  from  the  standpoint  of 
prognosis. 

Type  D,  healed  tuberculosis,  shows  the 
characteristic  scars,  broken  linear  markings, 
the  pleuritic  cap,  the  calcification,  etc. 
It  is  thus  seen  that  stereo-roentgeno- 
grams  of  the  lungs,  when  properly  studied, 
are  of  great  ^•alue  in  arriving  at  a  prognosis. 

While  the  roentgenologist  cannot,  with 
conservatism,  venture  a  prognosis  in  a 
given  case,  he  may  aid  the  consultant  by 
emphasizing  those  factors  in  the  report 
which  are  a  direct  indication  of  the  prob- 
able course  of  the  disease.  Thus  a  simple 
diagnosis  of  fibroid  tuberculosis  is  insuffi- 
cient, unless  qualified  by  a  full  description 
of  all  observations  including  ca\itation, 
caseation,  disseminated  and  discrete  lesions, 
and  their  distribution. 

Such  a  classification  as  this  one  serves  the 
further  purpose  of  clearly  pointing  the  way 
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Type  A 


Roentgenological 


Clinical 


Pathological 


I.   Infiltration,  peripheral 

I.   Poor     nutrition.      Exhaustion 

with  slight  exertion 

2.  Tendency   to   unilateral  involve- 

2. Occasional  slight  temperature 

ment 

upon  exertion 

3.  Limited  areas  of  involvement 

3.  No  phvsical  signs 

4.  Areas    of   previous    involvement 

4.   Reaction      to      subcutaneous 

indicated  bv  increased  fibrosis 

tuberculinfocal,  general,  or  both 

5.   Progression    from    one    area     to 

5.  Favorable  prognosis 

another,  shown  by  observations  over 

period  of  years 

6.  Absence  of  cavitation 

7.  Absence  of  massive  or  conglomer- 

ate infiltration 

Type  B 


Roentgenological 

Clinical 

Pathological 

I.  Fine  soft  shadows  of  infiltration 

I. 

Temperature  curve 

I. 

Infiltration 

both  peripheral  and  peribronchial 

2.  Direct  extension  to  hilus 

2. 

Intermittent  physical  signs 

2. 

Fibrosis 

3.  Characteristic  distribution  in  ist 

3- 

Loss    of    weight    with    inter- 

^■ 

Pleuritic  thickening   especially 

and  2nd  interspaces  (preferably  right) 

mittent  gams 

over 

apices 

4.  Dunham  fan  more  common 

4- 

Prompt     tuberculin     reaction 

4- 

Noncaseating 

5.  No  cavitation 

5- 

Sputum    frequently    negative 
Favorable  influence  of  climate 

5- 

Absence  of  amyloid  changes 

6.   Marked  fibrosis 

6. 

6. 

Absence  of  cavities 

7.  Progression   to   general   involve- 

7- 

Infinitely  chronic 

ment  of  one  or  more  lobes 

8.  Localized  density  over  apex  (one 

or  both) 

Type  C 


Roentgenological 


Clinica 


Pathological 


I .  Early  signs  similar  to  Type  B 

1.  Physical     signs    typical    and  | 
early 

2.  Hemoptysis  often  occurs             1 

I. 

Infiltration 

2.  Massive    conglomerate    shadows 

2. 

Caseation 

make  early  appearance 

3.  Marked  tendency  to  cavitation 

3.  Bacilli   in   sputum   early   and 
constant 

4.  Progression  unremittent 

5.  Unfavorable   response   to  cli- 
mate changes  or  sanitarium  treat- 
ment 

6.  Frequent     presence    of    focal 
infection  of  tonsils  or  teeth   (espe- 
cially the  former) 

3- 
4- 
5- 

Cavitation 

Amyloid 

Fibrosis 

Type  D 


Roentgenological 


ethnical 


Pathological 


:.  Absence  of  characteristic  paren- 
chymal shadows  and  of  Dunham  fan 

2.  Areas  or  nodules  of  great  density 
(calcification) 

3.  Broken  lung  fields  (fibrosis) 

4.  Evidence  of  pleuritic  "cap"  over 
one  or  both  apices  with  localized  exten- 
sion of  fibrosis-like  shadows  into  lung 
field 


I.  No  clinical  signs 


1.  Calcification 

2.  Fibrosis 

3.  Thickened  pleura 
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to  complete  cooperation  and  understand- 
ing between  the  roentgenologist  and  the 
clinician. 

A  little  knowledge  of  the  clinical  history 
will  not  lead  the  roentgenologist,  if  he  is 
trustworthy  and  experienced,  into  the 
error  of  reading  observations  into  his 
plates.  On  the  other  hand,  there  are  so 
many  times  when  he  may  properly  say, 
"Here  is  the  pathology — what  is  the 
history?" 

Then,  too,  such  knowledge  always  serves 
to  arouse  a  keen  interest  in  the  case,  thus 
sharpening  his  powers  of  observation.  The 
art  of  diagnosis  has  become  so  complex 
with  the  development  of  new  methods  and 
minor  specialties  that  the  attainment  of 
the  best  results  demands  the  free  inter- 
change of  thought  and  the  closest  coordi- 
nation of  ideas. 

THE   ROENTGEN   REPORT 

Since  the  communication  between  the 
roentgenologist  and  the  clinician  is  usually 
a  written  one,  a  concise  terminology  based 
upon  a  clear  conception  of  the  disease  is  an 
essential  requirement.  While  observations 
may  be  described  in  terms  of  variable 
densities,  conclusions  must  be  a  transla- 
tion of  these  observations  into  pathological 
terms.  With  such  a  pathological  conception 
established,  an  opinion  as  to  the  actual 
disease  present  is  a  logical  sequence.  Such 
an  opinion  may  be  positive  in  character 
when  observations  have  been  sufficiently 
characteristic  to  justify  the  opinion  that  a 
tuberculous  lesion  is  present.  The  opinion 
may  be  qualified  by  a  statement  as  to  the 
probable  activity  or  inactivity  of  the 
disease,  and  a  suggestion  as  to  prognosis. 

A  report  may  be  negative  in  character, 
and  this  should  niean  that  there  is  no 
evidence  in  the  roentgenogram  of  patho- 
logical change  in  any  sense  characteristic 
or  even  suggestive  of  tuberculosis. 

The  report  may  be  indeterminate,  which 
should  mean  that  there  are  changes  present 
which  are  neither  suliicicntly  character- 
istic to  justiiy  the  conclusion  that  they  are 
due  to  tuberculosis,  nor  clearly  enough  of 
negative  value  to  warrant  a  negative 
diagnosis. 

An  indeterminate  roentgen  diagnosis 
may  verj'  properly  be  used  with  consider- 


able frequency,  but  should  not  be  employed 
as  a  subterfuge,  and  should  always  be  fully 
explained  in  the  body  of  the  report. 

A  re-study  of  the  plates  in  the  series  of 
indeterminate  cases  has  convinced  the 
writer  that  most  of  them  may  be  placed 
with  accuracy  in  either  the  positive  or  the 
negative  group.  In  fact,  it  was  found  that 
the  observations  described  in  the  body  of 
the  report  usually  gave  a  direct  indication 
of  the  group  to  which  the  case  belonged. 

Tubercle  bacilli  were  later  found  in  the 
sputa  of  three  of  this  group,  but  a 
re-examination  of  the  plates  showed  abun- 
dant and  characteristic  evidence  of  tuber- 
culosis. This  shows  that  the  error  was  due 
to  hasty  observation  and  carelessly  drawn 
conclusions  on  the  examiner's  part,  not 
to  a  fault  in  the  method. 

THE    NEGATIVE    REPORT 

The  negative  report  has  for  some  reason 
not  been  given  the  high  place  in  the 
ensemble  of  diagnostic  data  which  it 
deserves.  Such  a  report,  when  made  by  a 
competent  roentgenologist,  under  favor- 
able conditions,  may  well  be  accepted  as 
conclusive,  even  though  all  other  signs 
seem  to  indicate  pulmonary  tuberculosis. 
While  no  effort  should  be  spared  to  exclude 
the  ever-dangerous  element  of  human  error, 
it  is  doubtful  whether  a  diagnosis  of  pul- 
monary tuberculosis  is  ever  justified  in  the 
face  of  repeated  negative  roentgen-ray 
findings. 

A  careful  review  of  our  series  of  plates  in 
conjunction  with  the  subsequent  histories 
of  patients  has  so  far  failed  to  reveal  any 
instance  where  the  stereoscopic  plates  were 
entirely  negative,  and  the  case  later  proved 
to    have  been  pulmonary  tuberculosis. 

CASE    REPORT 

Male.  Entered  St.  Mary's  hospital  for 
study  on  Feb.  5,  1921.  Had  been  in  service 
since  Jan.,  1918.  Had  influenza  in  Sept., 
19 1 8.  Quite  ill  for  ten  days  and  cougned 
up  clots  of  blood.  Has  had  slight  cough 
since  that  time.  No  loss  of  weight.  No 
fever  at  any  time,  except  first  three  weeks 
of  Jan.,  1 92 1,  when  he  noted  temperature 
of  99°F.  or  over.  Tires  readily.  Occasional 
night-sweats  in  Jan.  On  Jan.  2~th,  "without 
warning  coughed  up  about  a  cupful  of  clear 
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blood"  followed  by  expectoration  of  small 
amounts.  Following  day,  two  hemorrhages, 
one  large  amount,  one  smaller.  Remained  in 
bed  until  coming  to  the  hospital. 

Physical  examination  by  Dr.  Alexander 
Josewich.  Chest.  Patient  well  nourished 
and  developed.  Head  and  neck  negative. 
Heart  normal.  Lungs:  Upper  left,  moderate 
dullness,  bronchovesicular  breathing  and 
typical  indeterminate  rales. 

Diagnosis.  Tuberculosis,  pulmonary, 
chronic,  active.  Upper  lobe  left. 

ROENTGEN  REPORT  FEB.  Q,   1 92 1 

Observations.  Slight  diffuse  relative  den- 
sity over  the  left  lung  field.  No  evidence 
of  active  or  recent  pulmonary  tuberculosis. 
Dense  band  across  left  lung  field.  Right 
lung  negative. 

Conclusions.  Possible  pleuritic  thick- 
ening (adhesion  or  thickened  interlobar 
pleura).  Negative  as  to  tuberculosis. 

Following  this  examination,  the  patient 
was  sent  to  a  tuberculosis  sanitarium  in 
the  Southwest,  thence  to  Washington  for 
further  study,  and  later  to  California, 
where  he  was  in  a  tuberculosis  sanitarium 
for  several  months.  Although  many  sputum 
examinations  were  made,  tubercle  bacilli 
were  never  found.  On  Mch.  15,  1922, 
the  patient  had  another  small  hemorrhage 
and  reported  for  another  examination  on 
Mch.  1 6th.  At  this  time,  physical  signs 
were  found  in  the  upper  left  lung  field 
more  marked  than  on  previous  examina- 
tion. Stereoscopic  plates  were  made  and 
read  as  follows: 

"There  is  no  roentgen-ray  evidence  to 
support  a  diagnosis  of  tuberculosis.  What- 
ever changes  are  present  in  the  lung  field 
are  at  the  base,  chiefly  on  the  left  side,  and 
there  certainly  is  nothing  upon  which  one 
can  base  a  diagnosis  of  tuberculosis,  from 
an  x-ray  standpoint." 

Death  occurred  in  an  anginal  attack  on 
Mch.  18,  1922,  and  the  report  of  the 
autopsy  made  by  Dr.  Carl  A.  Danielson 
is  as  follows: 

"The  right  pleura  had  a  number  of  fine 
adhesions  from  top  to  bottom,  which  could 
be  broken  up  by  the  hand,  thus  freeing  the 
lung.  The  left  pleural  cavity  contained  one 
large  band  of  adhesions  about  the  middle 
part  of  the  upper  lobe  and  the  lung  was 


freed  from  it  with  difiiculty.  This  part  of 
the  adhesions  apparently  constricted  this 
portion  of  the  lung  so  that  it  was  more 
solid.  That  is  to  say,  it  would  not  crepitate 
as  readily  as  the  rest  of  the  lung.  The 
apices  of  both  lungs  were  free.  The  left 
lung,  near  the  hilus,  was  in  a  state  of 
chronic  passive  congestion.  There  was  no 
evidence  microscopically  of  tuberculosis, 
either  active  or  healed,  though  I  am  not 
certain  but  that  Dr.  Bell  may  find  some- 
thing in  the  specimen  sent  down. 

"There  was  a  beginning  atheroma  of  the 
aorta,  and  the  coronary  arteries  were 
sclerosed.  The  cause  of  death  was 
thrombosis  of  the  left  coronary  artery. 

"Today  I  have  a  letter  from  Dr.  Bell  with 
the  report  that  there  is  almost  a  complete 
closure  of  the  left  coronary  artery.  The 
lungs  show  a  little  subpleural  scar  tissue. 
There  is  no  evidence  whatever  of  tuber- 
culosis." 

INDETERMINATE    REPORT 

About  20  per  cent  of  our  cases  are  classi- 
fied as  indeterminate  on  the  ground  that 
there  are  atypical  changes  in  the  lung 
fields  which  render  a  negative  diagnosis 
inadvisable  and  a  positive  diagnosis  dan- 
gerous. Certain  cases  of  chronic  pleurisy 
in  which  there  is,  or  has  been,  an  exudate, 
and  in  which  the  entire  lung  field  appears 
abnormally  dense  on  account  of  pulmonary 
infiltration,  fibrosis  or  induration  of  the 
lung  tissues,  must  be  classified  as  indeter- 
minate, since  it  is  impossible  with  these 
changes   present  to   exclude  tuberculosis. 

Then  tliere  are  the  postinfluenzal  infil- 
trations, streptococcus  bronchopneumonias 
and  their  sequelae,  such  as  bronchiectasis, 
which  must  occasionallj^  be  classified  as 
indeterminate  with  respect  to  tuberculosis. 

POSITIVE   ROENTGEN   REPORT 

In  rendering  a  positive  diagnosis  of 
pulmonary  tuberculosis,  based  solely  upon 
roentgen  evidence,  one  is  beset  with 
danger  on  every  hand.  A  pulmonary 
infarct  associated  with  bilateral  infiltra- 
tion may  not  even  be  considered,  and  its 
close  resemblance  to  an  active  tuberculous 
process  makes  the  slip  easy  and  the  fall 
hard. 
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There  are  the  passive  congestion  of 
chronic  heart  disease,  the  so-called  dust 
inhalation  diseases  and  the  streptococcus 
infections  mentioned  in  the  previous  para- 
graph which  must  be  carefully  borne  in 
mind,  and  if  possible,  differentiated; 
however,  if  reasonable  care  is  taken  in  pre- 
paring and  interpretmg  lung  roentgeno- 
grams, and  if  the  interpretation  is  founded 
upon  broad  roentgen  experience  and  patho- 
logical knowledge,  the  positive  roentgen 
diagnosis  of  pulmonary  tuberculosis  will 
be  correct  in  a  large  percentage  of  cases. 

This  paper  should  be  received  as  supple- 
mentary to  certain  others  published  by  the 
writer  during  the  past  ten  years.  There  is 
no  attempt  to  present  any  new  material, 
but  merely  to  emphasize  certain  conclu- 
sions which  time  and  experience  have 
strengthened: 

1.  That  cooperation  between  roentgen- 
ologist and  clinician  are  highly  important  in 
the  diagnosis  of  chronic  lung  disease. 

2.  That  the  relative  values  of  various 
diagnostic  procedures  employed  for  the 
recognition  of  early  tuberculosis  are  as 
follows : 

History  and  symptomatology 

Roentgen  study 

Sensitization  to  tuberculin 

Physical  signs 

Laboratory  tests 

The  roentgen  examination  is  placed 
second,  because,  while  lesions  may  be 
demonstrated  in  the  stereo  plates  of 
practically  all  cases,  their  exact  signifi- 
cance IS  determined  by  the  case  history  and 
the  symptoms. 


Again,  the  symptoms  per  se  have  great 
diagnostic  value  since  experience  has  shown 
that  the  early  symptomatology  of  tuber- 
culosis is  always  suggesti\e. 

Dr.  Marcley  regards  the  tuberculin 
test,  when  properly  applied  in  small  doses 
of  tuberculin,  as  of  great  \alue.  A  high 
sensitization  to  tuberculin,  conjoined  with 
positive  roentgen-ray  findings,  however 
slight,  justifies  a  positive  diagnosis.  Our 
study  indicates  that  the  mere  presence  of 
positive  signs  in  the  upper  lung  field 
should  not  have  too  much  weight  in  the 
diagnosis  of  pulmonary  tuberculosis.  \\  hile 
we  have  placed  the  laboratory  examination 
last  in  the  list,  the  work  of  Larson'  at  the 
University  of  Minnesota  may  ele\ate 
laboratory  procedures  to  the  head  of  the 
list.  This,  however,  will  require  time  for 
development  and  proof.  The  finding  of 
tubercle  bacilli  in  the  sputum  is  a  rare 
occurrence  in  early  tuberculosis,  and  e\en 
when  present  does  not  absolutely  prove 
the  existence  of  pulmonary  tuberculosis. 
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I.    ADULTS 


''I^HOSE  of  US  who  were  doing  intensive 
-L  investigation  of  early  pulmonary 
changes  in  the  type  of  infection  prevalent 
during  the  great  pandemic,  were  struck  by 
the  prevalence  of  a  high  percentage  of 
these  cases  showing  parenchymal  changes 
without  symptoms  and  the  almost  uni- 
versal involvement  of  the  hilums  in  all 
cases,  even  when  there  were  no  subsequent 
pulmonary  sequelae.  Further  study  of 
these  cases  showed  that  mottling  of  medias- 
tinal and  bronchial  root  tissues  still 
remained  several  months  after  the  sub- 
sidence of  all  clinical  signs.  Lord,  in  his 
chapter  on  circulatory  disturbances,  states 
that  "inflammatory  hyperemia,  too  slight 
in  degree  to  be  termed  pneumonia,  may  be 
seen  in  the  course  of  influenza  and  typhoid 
fever."  Localized  and  sometimes  general 
pulmonary  congestion  occurs,  as  is  well 
known,  after  injection  of  tuberculin.  Pul- 
monary mottling  is  quite  commonly  seen 
after  inhalation  of  certain  substances,  as 
in  hay  fever.  This  is  not  so  much  by  reason 
of  their  mechanical  trauma  as  by  their 
anaphylactic  import.  In  the  routine  .x-ray 
examination  of  influenza  cases,  attention 
was  drawn  to  a  radiogram  in  which  general 
mottling  was  of  a  diflerent  type  from  the 
usual  case.  Two  changes  were  sufficiently 
great  to  warrant  further  investigation, 
with  the  following  interesting  history: 
The  patient  had  received  the  usual  dose 
of  0.5  c.c.  of  triple  typhoid  vaccine  (army), 
and  within  thirty-six  hours  he  was  pros- 
trated, and  developed  headache,  malaise, 
back  pains,  short  irritable  cough  and 
temperature  (not  a  rare  experience).  On 
physical  examination  there  was  increased 
dulness  and  broncho  vesicular  breathing, 
and  a  few  indeterminate  rales  were  found 
from  the  4th  to  the  2nd  interspace  on  the 
left  side.  Clinically,  because  of  the 
epidemic,  a  diagnosis  was  made  of  influ- 
enza   with   possibly   a   bronchopneumonic 


process.  The  clinical  findings  and  the 
history  of  inoculation  made  an  absolute 
diagnosis  seem  undesirable.  As  was  the 
rule  at  this  time  during  the  epidemic,  the 
patient  was  Immediately  examined  radio- 
logically.  The  plates  showed  a  localized 
area  of  increased  density  from  the  4th  to 
the  2nd  rib  on  the  left  side,  and  as  there 
were  none  of  the  characteristic  diaphrag- 
matic and  cardiac  reactions  to  which  Honei; 
has  called  attention,  we  felt  that  a  definite 
diagnosis  of  Influenza  was  uniustlhable. 

Within  thirty-six  hours  the  temperature 
dropped  to  normal  and  the  chest  cleared  up 
completely.  Subsequent  radiograms  showed 
that  the  process  was  much  Improved  and 
mottling  was  almost  absent.  Following  this 
finding,  the  next  8  cases  inoculated  with 
typhoid  vaccine  were  examined  radio- 
logically  before  inoculation  and  forty- 
eight  hours  later.  Seven  of  these  cases 
were  supposedly  "normal"  chests;  the 
eighth  was  one  of  extensive  and  non-active 
tuberculosis.  The  following  findings  were 
obtained  : 

Not  one  of  them  failed  to  reveal 
increased  density,  either  pulmonary  or 
hilum.  In  6,  this  was  general  in  character; 
in  6,  the  apices  were  involved;  in  2,  the 
middle  thirds  of  both  lungs  were  affected; 
In  I,  the  bases  were  invoked.  In  6,  the 
upper  aspect  of  the  hilum  was  distinctly 
enlarged  and  mottled.  In  7,  the  middle 
portion  of  the  hilum  showed  these  changes, 
and  in  7  the  lower  portion  of  the  hilum.  In 
5,  the  heart  showed  slight  pulmonic 
dilatation;  in  4,  it  showed  right-sided 
dilatation.  In  6,  there  was  distinct  increase 
In  the  peribronchial  markings.  In  i  case 
there  was  an  Increase  in  the  size  and  density 
of  the  mediastinum;  and  In  i,  glandular 
enlargement  of  the  left  middle  hilum. 

These  Incidental  findings  are  analogous 
to  those  obser\ed  by  Investigators  In  cases 
of  laboratory  animals  whose  death  was  due 
to  anaphylactic  phenomena. 
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Infants  and  Young  Children.  Influenza  Group 


No. 

Increased 
Density- 

Parenchymal 
Site 

Heart 
Enlargement 

llllum 

Remarks 

I 

General  + 

Left  pcrihilum 

+ 

Right  hilura   + 

< 

+ 

Penhilum   +  +  + 

+ 

2 

General  + 

Middle-right 

+ 

Both  hilums  + 

— 

Left  perihilum 

+ 

— 

1 

General  + 

Left  perihilum 

-4- 

Left  and  right  ? 

Peribronchial  type  of  increased 

— 

— 

density 

4 

General  + 

Left  perihilum +  + 

+ 

+ 

+ 

Right  middle  + 

— 

— 

? 

General  + 

Right  apex 

+ 

Both 

Increased     density     limited     to 

— 

+ 

hilums  and  left  apex 

6 

0 

0 

+ 

0 

Only    slight    mottling    of  hilum 
present 

7 

0 

0 

0 

0 

No  change  observed 

8 

Slight 
General 

4- 

Right 

Left  perihilums 

Heart  only  showed  changes 

Diphtheria  Toxin    Antitoxin  Group 


No. 

Increased 
Density 

Lobes 

Heart 
Enlargement 

Hilum 

Remarks 

9 

Peribronchial  + 

Right  apex 

0      ! 
1 

Right 

10 

General  + 

All  lobes 

+++ 

Left  -f  + 
Right  + 

Questionable  cardiac  lesion 

II 

General 

Upper  right 

+ 

Both 

Left-sided  cardiac  enlargement 

12 

Local 

Left  upper 

(Slight)  + 

Right 

13 

General 

Right  base 

Left  sided  +  + 

Both 

14 

7 

Left  lower 

Right  sided  (?) 

Right 

15 

Local 

Right  lower 
Right  middle 

+  + 

Both 

16 

Local 

Perihilum 

+ 

Both 

Upper  mediastinal  enlargement 

17 

Local 

0 

+ 

Both  (rt.)  -1- 

18 

Local 

Right  upper 

+ 

Right 

19 

Local 

Right  upper 

+ 

Both 

Changes  of  upper  mediastinum 

20 

0 

0 

Slight    enlarge- 
ment 

+ 

21 

Local 

Right  middle 
Left  upper 

+  + 

Both 

22 

Local 

Right  upper 

+ 

Left 

23 

Local 

Right  lower 

+ 

Right 

24 

Local 

Right  upper 

0 

Right 

II.    INFANTS    AND    CHILDREN 

Further  investigation  of  these  phe- 
nomena, employing  the  same  roentgeno- 
logical technique,  was  carried  out  upon  a 
group  of  infants  numbering  24,  of  whom 
16  had  been  prophylactically  vaccinated 
with  diphtheria  toxin  antitoxin.  In  this 
series  the  findings  were  essentialiv  the  same 


as  in  our  adult  group  when  typhoid  vaccine 
was  used. 

As  shown  by  the  accompanying  table, 
mottling  was  local  or  general  and  prac- 
tically universal.  In  one  case  only  the 
heart  showed  some  reaction  by  dilatation. 

The  remaining  8  children  were  examined 
after  prophylactic  treatment  with  influenza 
\accinc.  Here,  too,  our  findings  confirmed 
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our  conclusions  drawn  from  the  work 
with  typhoid  vaccine  and  diphtheria  toxin 
antitoxin. 

In  cases  of  food  idiosyncrasy,  as  demon- 
strated by  positive  skin  and  constitutional 
reactions,  with  or  without  pulmonary 
anaphylactic  signs,  we  have  been  able  to 
demonstrate  this  intrapulmonary  change  as 
a  concomitant  anaphylactic  phenomenon. 


SUMMARY 

Here  we  have  an  investigation  covering 
a  group  of  33  individuals  varying  in  age, 
the  larger  percentage  of  whom,  after  injec- 
tion of  foreign  protein  presented  definite 
puhnonar\'  changes  and,  in  a  smaller  per- 
centage, cardiac  changes. 


THE  X-RAY  IN  NEUROLOGICAL  DIAGNOSIS: 
SHORTCOMINGS  AND  POSSIBILITIES* 


ITS 


BY    HUGH    W.    GROUSE,    M.D. 

EL    PASO,    TEXAS 


''I^HE  difference  in  density  of  the  tissues 
-L  involved  markedly  limits  the  use  of 
the  -v-ray  as  a  diagnostic  aid  in  the  A'aried 
pathology  of  the  central  nervous  system. 
Previous  to  the  intraventricular  or  intra- 
spinal injection  of  air  by  Dandy  in  1918, 
the  neurologist  did  not  expect  the  radiolo- 
gist to  do  more  than  eliminate  or  demon- 
strate the  presence  of  bone  changes  in  the 
skull  or  vertebrae,  or  calcareous  degenera- 
tions within  the  skull  proper. 

A  careful  review  of  the  literature  of 
reported  cases  of  brain  tumor  during  the 
last  five  years  shows  that  3  per  cent  of 
the  new  growths  within  the  skull  contain 
ample  calcareous  degeneration  which  is 
radiologically  demonstrable.  There  is 
another  2  per  cent  of  lesions  of  the  central 
nervous  system  interpretable  from  an 
-v-ray  angle.  Such  lesions  consist  of  the 
osteophytes  of  the  inner  plate  of  the  cal- 
varium,  located  mainly  in  the  frontal  area; 
growths  of  the  orbit,  either  of  an  osseous 
nature  or  of  sufficient  size  so  that  pressure 
will  thin  the  bony  wall  to  a  noticeable 
degree;  tumors  within  the  ethmoid,  sphe- 
noid or  frontal  sinuses  which  through 
pressure  effect  destroy  their  bony  boun- 
daries; and  dural  tumors  which  through 
pressure  thin  the  calvarium  or  seek  and 
secure  circulatory  connections  with  the 
diploe,  producing  diploic  varices.  Pathol- 
ogy of  the  hypophysis,  according  to  the 
literature  of  the  last  three  years,  when 
carefully  tabulated,  using  the  Journal 
reports  as  a  basis,  furnishes  another  3  per 


cent  which  correlatively  can  be  diagnosed 
by  the  x-ray.  The  summary  of  these  three 
types  of  neurological  lesions  gives  radiol- 
ogy an  8  per  cent  direct  diagnostic  aid 
ratio.  Ventriculography  and  spinal  intra- 
arachnoid  injections  of  air,  through  their 
indirect  aid  in  density  shadings,  have 
brought  the  demonstration  of  and  the 
location  of  intracranial  and  intraspinal 
lesions  through  the  x-ray  as  a  diagnostic 
method  up  to  a  fair  52  per  cent,  correla- 
tively speaking. 

Neurological  diagnosis  previous  to  the 
epoch-making  use  of  air  by  Dandy  was 
as  follows:  Given  a  story  of  persistent, 
intractable  headaches,  alone  or  accom- 
panied by  projectile  vomiting,  choked 
discs,  labyrinthine  symptoms,  manifested 
by  the  existence  of  a  non-normal  nystag- 
mus or  vertigo,  changed  reflexes,  psychic 
derangements,  muscular  incoordination, 
an  -X-ray  demonstration  as  to  the  existence 
or  absence  of  skull  or  vertebral  structure 
change  or  presence  of  calcareous  deposit, 
coupled  with  proper  serological  findings,  and 
the  neurologist  would  decide  as  to  the  ex- 
istence of  a  lesion  and  its  probable  location. 

Many  scientific  factors  have  been  cor- 
relatively blended,  to  accomplish  a  sem- 
blance of  accuracy  in  neurological 
diagnosis. 

Epoch-making  neurological  diagnostic 
aids  have  arisen  during  the  last  decade 
and  a  half.  Barany's  observation  in  1905 
of  a  definite  type  and  directed  nystagmus 
accompanied    by    distinct    vertigo    when 


•  Read  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Society.  Los  Angeles.  Calif.,  Sept.  12-16.  1922 


438 


The  X-Ray  in  Neurological  Diagnosis 


suppurative  ears  were  douched  with  cold 
or  hot  water,  led  naturally  to  the  present 
caloric  test.  Flourens,  in  1825,  made  an 
excision  of  portions  of  the  labyrinths 
of  animals  and  noted  that  as  a  result 
this  caused  movements  of  the  eyes  and 
definite  disturbance  of  equilibration. 
Purkinje,  at  the  same  period,  noted 
that  human  beings  when  turned  about, 
developed  a  nystagmus'  and  vertigo. 
Meniere,  Goltz,  DeCyon,  Von  Stein  of 
Moscow  and  Hogyes,  a  Hungarian,  made 
definite  studies  along  similar  lines,  the 
latter  two  contributing  a  valuable  sum- 
mary of  the  anatomy  and  physiology  of 
the  inner  ear.  All  these  observations  were 
weighed,  as  well  as  Von  Graef's  pointing 
test  in  ocular  palsy,  by  Barany,  and  the 
chair  test  of  nystagmus, — the  head  In 
varied  positions  to  utilize  the  anatomy  of 
the  semi-circular  canals, — and  the  past- 
pointing  vertigo  syndromes  of  Barany 
came  into  existence,  a  veritable  summary 
of  several  scientists'  observations.  The 
value  of  the  Barany  past-pointing  nystag- 
mus and  vertigo  manifestations  in  basilar 
and  cerebellar-pontine  fossa  lesions  has 
produced  and  is  still  productive  of  heated 
controversies  between  otologists  as  to 
its  place  in  diagnosing  tumors  of  the  brain. 
A  large  part  of  this  controversy  between 
those  interested  in  neurology  is  due  to 
inadequate  or  lack  of  open-minded  study 
of  the  Barany  syndrome. 

Lesions  of  a  developmental  or  accidental 
nature,  about  the  pons  or  medulla,  or  along 
the  individual  or  associative  tract,  pursued 
by  the  8th  nerve  from  nucleus  to  termina- 
tion, are  diagnosed  through  nystagmus 
and  equilibration  defects.  Equilibration  is 
an  intimate  association  of  three  senses, 
namely,  sight,  muscle,  and  kinetic  static. 
The  utricle,  sacculi  and  the  three  semi- 
circular canals  of  the  internal  ear  have 
been  accepted  as  a  separate  and  distinct 
organ,  thus  making  two  for  the  inner  ear, 
the  cochlea,  the  organ  of  hearing,  the 
saccule,  utricle  and  the  three  semicircular 
canals  the  organ  of  equilibration.  Varia- 
tion from  the  normal,  secondary  to  the 
use  of  the  caloric  or  Barany  tests,  gi\es  the 
neurologist  a  neuro-otological  aid  that 
must  be  weighed  in  interpreting  a  possible 
pathology  in  the  silent  areas  of  the  brain. 


Acuity  of  vision  may  be  unimpaired 
in  early  brain  tumor,  but  the  color  sense  is 
frequently  decidedly  encroached  upon  at  an 
early  period,  particularly  in  chiasmic  area 
lesions.  Pituitary  pathology  promptly  in- 
trudes on  the  color  sense.  Internal  hydro- 
cephalus, by  third  ventricle  enlargement 
compresses  the  chiasm,  with  the  resultant 
effect  of  a  rapid  edema  of  the  optic  nerve 
disc.  Communicating  hydrocephalus, 
particularly  the  type  that  is  produced  as  a 
result  of  intrapendicular  or  chiasmic  cistern 
occlusions,  intrudes  on  the  chiasm  with  a 
resulting  optic  nerve  change  which  is 
expressed  in  the  choked  disc  of  varied 
degree. 

Berthold's  studies  in  1848  of  the  trans- 
plantation of  a  cock's  testes;  Addison's 
monograph  in  1855  attributing  a  definite 
clinical  syndrome  to  a  diseased  destructi\"e 
process  of  the  suprarenal  capsule; 
Bernard's  investigation  of  the  hepatic 
function  and  demonstration  of  an  internal 
secretion  (glycogen  as  well  as  the  external 
secretion,  bile)  led  easily  into  a  line  of 
organotherapeutic  interest,  popularized  by 
Brown-Sequard.  Knowledge  of  disorders  of 
the  thyroid,  a  frequent  etiological  factor  in 
lesions  of  the  central  nervous  system,  was 
given  the  light  of  day.  This  included  the 
addition  by  Liegeois,  sixty  odd  years  ago, 
of  the  pituitary  to  the  ductless  gland 
groups  and  endocrinology.  Cushing's 
epoch-making  studies  of  the  pituitary  led 
to  the  recognition  of  the  separate  functions 
of  the  anterior  and  posterior  portions  of 
the  gland.  The  careful  summary  of  the 
objective  and  subjective  symptoms,  among 
which  color-sense  defects  assume  a  promi- 
nent place,  shows  that  the  pituitary,  not 
only  in  a  direct  but  in  an  indirect  sense, 
assumes  a  prominent  position  in  the  lesion 
of  the   central   nervous   system. 

These  rapidly  scanned  points  bring  to 
the  elucidation  of  central  nervous  system 
lesions  the  aid,  then,  of  the  histologist, 
the  physiologist,  the  ophthalmologist  and 
the  representative  of  a  new  branch  in 
neurological  diagnosis,  namely  the  neuro- 
ophthalmologist.  To  the  radiologist  has 
been  entrusted  the  chief  place  in  demon- 
strating the  presence  or  absence  ot  lesions 
of  the  hypophysis.  By  utilizing  the  radio- 
graphic   formula    of    Leri,    which    is    ti) 
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enlargement  of  the  anteroposterior  or  of 
the  vertical  diameter  of  the  sella  turcica; 

(2)  enlargement    of   the    frontal    sinuses; 

(3)  irregularity  of  the  thickness  of  the 
calvarium;  (4)  exaggeration  of  the  external 
occipital  protuberance:  by  blending  with 
the  abo\e  Paccini  syndromes  of  variation 
of  angles,  the  pathology  of  the  pituitary 
is  radiologically  clarified. 

Paccini  uses  a  wax  pencil  and  marks  the 
skiagraph  of  the  skull  first  at  the  nasion, 
second  at  the  turcicon,  a  hypothetical 
point  placed  in  the  sella  space  where  the 
imaginary  long  and  short  diameter  lines 
intersect  at  right  angles,  and  third  at  the 
akoustion,  a  point  in  the  uppermost  ovoid 
shadow  cast  by  the  external  auditory 
meatus,  connecting  nasion  to  turcicon, 
turcicon  to  akoustion.  He  then  notes  the 
degree  of  angulation  which  such  lines 
assume.  The  age,  sex  and  race  of  the 
patient  must  be  considered,  along  with  the 
variation  of  angulation.  It  is  insisted  that 
one  will  thus  be  able  to  recognize  the  finer 
changes  of  pituitary  disease,  more  espe- 
cially the  changes  involving  secretion,  or 
better,  physiological  function.  This  remains 
as  yet  a  debatable  point.  There  is  perhaps 
a  marked  value,  yet  there  is  needed  a 
decided  degree  of  careful  investigation 
and  innumerable  observations  to  make 
these  assertions  absolutely  tenable.  By 
blending  Leri  and  Paccini  points,  inter- 
pretation of  the  endocrine  neurological 
trouble,  acromegalia,  as  well  as  hypo- 
function  of  the  pituitary,  can  be  radio- 
logically  demonstrated. 

Dandy's  work  for  you,  as  well  as  for  us, 
your  neurological  confreres,  has  been,  speak- 
ing in  a  diagnostic  as  well  as  localizing 
sense,  epoch-making. 

"Jacobeaus  used  the  therapeutic  insuf- 
flation of  air  as  far  back  as  1909,  and  ten 
years  later  tried  out  the  diagnostic  possi- 
bilities on  a  case  of  spinal  tumor.  In  an 
article  which  appears  in  the  Acta  Medica 
Scandinavica  for  Dec.  5,  1921,  Iv,  6,  he 
reports  in  great  detail  3  cases  including 
the  proceedings.  Another  ScandinaN'ian, 
Josofson,  reports  a  single  personal  case,  and 
apparently  these  4  make  up  our  knowledge 
of  the  successful  cases."* 

•  Editorial.  Diagnostic  Insufflation  of  Air  into  the  Spinal 
Canal.     Med.  Rec,  Mar.  1 1,  1922,  ci,  422-423. 


Jacobeaus,  while  preceding  Dandy  in 
the  use  of  air  in  subarachnoid  spaces, 
failed  to  publish  his  investigations  in  the 
use  of  air  in  neurological  diagnostic  work. 
Pneumography  of  brain  and  cord  is 
distinctly  Dandy's  device,  safely  bul- 
warked in  the  fortress  of  independent 
study  and  priority  of  publication.  Other 
agents  beside  air  should  be  considered. 
Hydrogen  gas  has  a  markedly  increasing 
capacity  of  density  contrast  over  air  and  is 
not  irritating  to  the  delicate  structures  of 
the  cord  or  brain,  but  is  not  so  accessible, 
hence  will  never  be  popularized. 

The  technique,  proven  safe  in  carrying 
out  ventriculography  and  spinal  intra- 
arachnoid  injection  of  air,  has  a  few 
seemingly  simple  yet  essential  points.  To 
neglect  these  points  is  so  d.angerous  that 
it  seems  fitting  to  mention  them  in  some 
detail.  The  first  is  a'  careful  selection  of 
equipment.  With  an  ordinary  20  c.c.  record 
syringe  which  has  a  two-way  connecting 
tip  such  as  is  used  in  aspirating  fluid  from 
a  chest,  a  couple  of  carefully  selected 
platinum  spinal  needles,  a  reliable  mer- 
curial spinal  manometer,  and  a  small 
syringe  for  anesthetizing  the  skin  and 
subcutaneous  tissues,  one  is  equipped  to 
carry  out  the  subarachnoid  injection  of  air. 

The  intra\entricular  method  needs, 
beside  the  above  equipment,  a  knife, 
needles,  artery  forceps  and  a  Doyen  burr. 
Carefully  prepare  the  scalp,  then  mark  the 
same,  either  along  Chiene's,  Kocher's  or 
LeFort's  method  of  cranio-cerebral  topog- 
raphy, locating  the  midpoint  of  the 
sagittal  Hne.  Then,  if  one  accepts  Kocher's 
plan,  separately  mark  an  anterior  80° 
point.  Next,  at  a  point  2  cm.  either  to  the 
right  or  the  left  of  this,  mark  the  place  for 
trephining.  All  this  work  can  be  done  under 
local  anesthesia.  This  point  to  the  right  or 
left  of  the  anterior  80°  spot  of  the  sagittal 
point  is  fairly  accurate  for  tapping  the  an- 
terior horn  of  the  lateral  ventricles.  The 
next  important  feature  is  the  taking  of  the 
pressure  of  the  fluid,  whether  from  spine  or 
ventricle,  before  any  escapes,  and  measur- 
ing accurately  the  quantity  removed. 
Atmospheric  air  has  been  proven  clean. 
Its  ordinary  room  temperature  is  satis- 
factory for  injection.  The  force  that  should 
be  used  should  be  based  upon  the  mano- 
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metric  readings.  One  should  not  insert  a 
greater  quantity  of  air  than  the  amount  of 
cerebral  spinal  fluid  removed.  The  double 
spinal  needle  technique  of  Adolph  Bingel  is 
unnecessary.  It  is  a  dual  mechanical  insult 
to  the  dura.  Drain  all  the  spinal  fluid  that 
will  escape.  Have  the  head  and  shoulder  of 
the  patient  20  per  cent  higher  than  the 
lumbar  region.  Inject  the  air  slowly. 
Disconnect  the  syringe  now  and  then  from 
the  spinal  needle.  Wait  a  couple  of  mo- 
ments, or  until  the  ascending  air  has  dis- 
placed the  descending  cerebral  spinal 
fluid,  the  latter  being  carefully  caught  and 
measured.  Repeat  the  injections  of  air  as 
often  as  it  is  needed  to  secure  a  positive 
cessation  of  fluid  flow. 

The  ventricular  injection  does  not  call 
for  the  use  of  a  needle  in  each  ventricle, 
although  if  careful  equal  exchange  of 
air  for  fluid  is  maintained  there  is  no 
danger,  as  has  been  proven,  from  removal 
of  all  the  cerebrospinal  fluid  in  the  ven- 
tricles. Where  the  technique  of  double 
needles  is  carried  out,  one  is  used'  for 
fluid  escape,  the  other  for  air  entrance.  The 
ventricles  are  tapped  at  two  slightly 
separated  periods.  Fluid  is  permitted  to 
escape  after  its  pressure  has  been  manomet- 
rically  read,  the  head  being  turned  so 
that  the  first  tapping  is  of  the  superior 
ventricle.  Then  the  lower  ventricle  is 
tapped,  and  the  outflow  of  fluid  from  the 
lower  needle  sucks  in  air  from  the  upper, 
ample  to  fill  ventricles,  and  at  an  ordinary 
atmospheric  room  pressure. 

This  is  the  method  used  in  hydrocephalic 
states  of  young  children,  whose  fontanelles 
have  not  yet  closed.  It  is  through  the  outer 
angle  of  these,  of  course,  that  the  tapping 
has  been  done.  In  the  ventricular  technique 
in  adults  one  should  not  attempt  tapping 
both  ventricles  unless  one  has  developed  a 
dry  tap,  a  condition  resulting  from  a 
tumor  occluding  the  foramen  of  Monro  or 
a  compression  of  the  ventricle  one  is 
attempting  to  drain,  by  a  tumor  in  the 
adjoining  tissues.  Such  a  result  should 
induce  one  to  trephine  and  to  attempt  to 
tap  the  opposite  %entricle. 

Ventriculography  beautifully  demon- 
strates the  internal,  as  well  as  the  com- 
municating type  of  hydrocephalus.  Occlu- 
sions   of   the    aqueduct  of  Sylvius  or  of 


the  foramen  of  Magendie  and  Luschka, 
have  differentiating  .v-ray  points.  Obstruc- 
tion of  the  foramen  of  Luschka  and  Magen- 
die gives  a  wide  distention  of  all  four 
ventricles  and  a  practically  dry  spine. 
Stoppage  of  the  aqueduct  of  Sylvius 
produces  a  wide  dilatation  of  the  lateral 
and  third  ventricle  and  an  almost  empty 
spinal  arachnoid. 

The  occlusion  of  the  cisterns,  particu- 
larly the  chiasmatica  or  interpeduncular 
cistern,  is  not  alone  accompanied  by  a 
high  spinal  fluid  pressure,  but  when  the 
phenolsulphonephthalein  test  of  Heur 
and  Dandy  is  given,  the  urine  content  in 
two  hours  may  show  as  low  as  8  to  12 
per  cent  of  phthalein  instead  of  the  normal 
35  to  45  per  cent.  The  physiological  fact 
that  four-fifths  of  the  cerebrospinal  fluid  is 
absorbed  from  the  cerebellar  subarachnoid 
space,  and  one-fifth  from  the  spinal 
neurolymphatic  spaces  has  been  well 
proven.  The  phthalein  test  but  utilizes 
this  fact. 

Internal  hydrocephalus  needs  distinctly 
a  ventricular  tapping.  In  communicating 
hydrocephalus  the  spinal  injection  of  air 
is  ample.  The  clinical  story  of  an  adult, 
when  properly  studied,  leads  to  a  fair 
pre-tapping  interpretation  as  to  type. 
In  young  children  with  open  fontanelles 
the  ventricular  route  is  preferable.  There 
is  no  part  of  cerebral  roentgenological 
interpretation  that  demands  a  greater 
knowledge  of  the  normal  than  ventriculog- 
raphy. The  location,  size  and  contour 
of  the  ventricles  must  be  firmly  fixed  in 
the  mind  of  the  man  interpreting  the 
plate.  Compression  of  one  of  the  lateral 
Nentricles  by  contiguous  growth  may  be 
either  in  its  body  or  in  one  of  the  horns. 
One  should  remember  that  the  ventricle 
next  to  the  plate  in  a  ventriculograph  of 
an  adult  or  child  is  not  demonstrated. 
It  is  the  superior  ventricle  that  shadows. 
Fluid  is  below,  air  above.  The  latter  skia- 
graphs, the  former  does  not.  Hence  the  need 
of  a  double  lateral  skiagraph  and  both 
an  anteroposterior  and  a  posteroanterior 
plate,  using  a  Dixon's  13"'  pillow. 

Lesions  in  the  cerebellopontine  fossa 
occlude  the  4th  and  frequently  the  3rd 
\entricle,  particularly  if  the  growth  is 
of  an  acoustic-nerve  or  brain-stem  origin.. 
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Lesions  of  the  island  of  Reil  have  a 
tendency  to  occlude  the  body  of  the  lateral 
ventricles.  Each  of  these  pathological 
central  nervous  system  changes  has  an 
accompanying  feature,  interpretable  from 
other  special  men's  line  of  work.  Lesions 
of  the  brain  stem  and  cerebellopontine 
fossa  have  equilibration  involvement, 
manifesting  itself  in  nystagmus,  vertigo 
and  past-pointing  changes.  Growths  in 
the  internal  capsule  or  corpora  radiata 
areas  have  eye,  labyrinthine  and  pyramidal 
tract  symptoms.  Each  area  of  the  brain, 
silent  or  known,  in  a  sensory,  motor  or 
mental  sense,  has  some  individual  accom- 
panying feature.  Ventriculography  will 
demonstrate  many  brain-stem,  cerebellum, 
and  cerebellopontine  fossa  lesions,  but 
interpretations  of  such  from  a  distinct  x-ray 
angle  should  not  be  undertaken.  A  correla- 
tive study  of  every  angle  of  investigation  of 
the  case  should  be  made;  and  then,  and  not 
until  then,  should  the  radiological  expert 
hazard  an  opinion.  Without  correlative 
study  such  an  opinion  is  but  a  presumptuous 
hazard,  unscientific  and  uncalled-for. 

Spinal  intra-arachnoid  air  injections 
demonstrate  the  location  of  extra  and  sub- 
dural lesions  quite  accurately  by  the 
subjective  symptoms  of  pain  as  well  as 
the  radiological  demonstration  of  difference 
in  density  in  the  intra-arachnoid  space. 
Intramedullary  cord  tumors  hardly  lend 
themselves  to  air  interpretations.  Oblitera- 
tions of  cerebellar  sulci  by  cortical  lesions 
are  readily  interpretable  to  one  who  has 
a  working  idea  of  the  normal.  Failure  to 
demonstrate  a  certain  section  of  the  cortex 
when  air  has  been  used  for  interpretation  is 
decidedly  indicative  of  a  lesion  at  that 
point.  To  induce  the  best  in  this  new 
radiological  method  a  series  of  normals 
should  be  collected  and  published.  Without 
the  use  of  air  within  the  ventricles  or 
intra-arachnoid  space  of  brain  and  cord, 
the  radiologist  cannot  aid  further  than 
summarized  in  the  opening  page  of  this 
paper,  in  diagnosing  the  central  nervous 
system  lesions. 

Aneurisms  of  the  internal  carotid, 
psammomatous  changes  in  pineal,  pitui- 
tary or  Pacchionian  structures,  brain-stem 
growths,  calcareous  changes  in  gliomatous 
cysts,  arteriosclerotic  changes  in  cortex  and 


fissure  areas,  calcareous  deposits,  single 
and  multiple,  and  even  a  complete  cal- 
careous degeneration  of  the  entire  brain, 
have  been  reported  in  medical  literature 
in  the  last  five  years  and  ha\e  been 
interpreted  by  means  of  .v-rays. 

There  is  a  great  opportunity  in  undiffer- 
entiated stupor  cases  for  roentgenological 
effort.  The  separation  of  the  traumatic 
from  the  toxic  or  nephritic  type  of  case 
can  be  markedly  aided  by  anteroposterior, 
posteroanterior  and  laterally  made  skia- 
graphs of  the  skull.  Each  is  a  wet  brain. 
Each  is  a  stupor  state  due  to  compression 
of  base  and  cortex.  Tapping  of  the  spine  is 
therapeutic  in  the  two  latter  and  diagnostic 
by  the  finding  of  blood  in  the  spinal  fluid  in 
the  former. 

Careful  x-ray  technique  will  frequently 
demonstrate  extra-  and  subdural  blood- 
clots.  The  presence  of  such  differentiates 
compression  from  concussion.  Spinal-fluid 
findings  of  blood  confirm  the  suspicious 
shadows.  On  account  of  its  many  morbid 
characteristics  the  traumatic  type  demands 
early  diagnosis.  It  is  true  that  an  early 
narrowing  of  the  pupil,  a  later  wide  dilata- 
tion of  same,  or  a  trigeminal  or  seventh- 
nerve  objective  paretic  symptom  upon  the- 
side  of  injury,  is  frequently  observed.  These 
should  serve  as  interpretable  points;  but 
often  they  are  absent  or  have  conflicting 
developments  that  preclude  their  serving 
in  differential  diagnosis. 

The  basilar  fracture  case,  as  Gushing  and 
Sharp  have  amply  proven,  should  be 
drained.  The  temporal  decompression 
technique  of  Gushing  has  been  utilized  by 
Sharp,  as  well  as  by  its  originator,  in 
hundreds  of  cases.  A  rubber-dam  drainage 
of  the  incised  temporal  dura,  with  simul- 
taneous removal  of  the  clot,  if  easily 
accessible,  and  silverclip  occlusion  of  vessel, 
if  it  is  readily  to  be  located,  is  the  logical 
recognized  technique  today.  Surgical 
inter\'ention  should  follow  an  early  diag- 
nosis. Delay  means  increased  surgical  risk 
and  the  development  of  undesirable  mor- 
bidity results. 

Since  the  publication,  years  ago,  by 
Little,  the  English  orthopedist,  of  his 
observations  of  spastic  paraplegia  in 
children  (now  denominated  Little's  syn- 
drome), it  has  been  recognized  that  such 
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was  but  the  sequence  of  intracranial 
hemorrhage  occurring  at  birth.  Until 
recently  too  little  attention  has  been  paid 
tothe  immediate  symptoms  of  the  newborn, 
the  later  effects  of  which  are  now  so  well 
known. 

The  newborn  that  shows  any  of  the 
following,  either  as  single  or  group 
symptoms,  should  have  a  skiagraph  made 
of  its  skull  in  the  classical  anteroposterior 
lateral  method:  poor  suckling;  Irregular 
breathing;  a  slit-like,  contracted  pupil, 
later  dilated;  ecchymotic  spots  about  the 
temples  or  eyelids;  or  dilated  veins  of  the 
scalp.  Children  prematurely  born,  forcibly 
e.xpelled  by  a  multipara,  are  liable  to  a 
distortion  of  their  delicate  skulls  with  the 
result  of  rupturing  the  vessels  of  the 
dura,  tearing  of  the  tentorlum-cerebelli, 
or  developing  petechial  hemorrhages  in  the 
\arious  nuclei  neighboring  the  ventricles 
or  the  brain-stem.  Children  born  of  primi- 
para  approaching  the  end  of  their  child- 
bearing  period,  instrumentally  deli\'ered 
or  torsion-handled,  are,  of  course,  peculiarly 
liable  to  such  intracranial  trauma.  There 
is  another  type  manifesting  two  or  more 
of  the  above-listed  symptoms.  These  ha\e 
had  a  perfectly  normal  birth,  but  despite 
this  give  evidence  or  suggestion  of  intra- 
cranial pathology.  Such  Is  the  child  with  a 
navel  or  intestinal  hemorrhage  symptom. 
This  type  has  a  slow  coagulating  blood- 
tinding  and  a  prolonged  bleeding  period. 
The  need  of  early  diagnosis  in  these  varied 
types  of  afflicted  newborn  is  apparent.  If 
they  survive  the  first  few  days  and  are 
improperly  treated,  they  are  apt  to  develop 
into  simple-minded,  hemianopic,  spastic 
or  epileptic  children.  The  radiologist  can 
aid  In  an  early  diagnosis. 

Fissured  fracture  is  the  type  occurring 
in  the  newborn  patient  in  a  trauma  of 
the  bone.  Fissured  fractures  follow  In 
a  radiating  way  from  the  centers  of 
ossification.  The  parietal  eminence  is  a 
frequent  base  of  such  fissured  fractures. 
Intra-  and  extra-dural  clots  should  be 
demonstrated  by  a  soft  technique.  The 
treatment  of  this  pathology  of  the  new- 
born is  location  of  the  clot  by  radiology, 
followed  by  surgical  handling  of  the  case. 
Cushing  calls  the  newborn  a  spinal  type 
of  animal.   Literature   reports  show   that 


the  risk  is  light  in  comparison  to  the  results 
in  the  untreated  case.  If  the  child  can  be 
saved  from  the  subsequent  well-known 
morbid  developments,  surgical  chances 
should  be  taken.  This  is  a  field  well  worthy 
your  skill  and  needs  the  utmost  finesse 
in  methods  to  differentiate  the  type, 
preceding  surgical  efforts. 

The  spinal  types  of  pathology  differ- 
entiated for  the  neurologist  by  radiology 
can  be  briefly  listed  under  the  head  of 
the  varied  forms  of  spinal  spondylitis 
and  new  growths,  each  developing  bone 
changes.  Syphilis,  whether  in  the  newborn 
(the  congenital  type)  or  in  the  adult 
(acquired  tertiary  type),  leaves  its  stamp 
upon  cortex  of  bone  and  mainly  upon  the  j 
shaft  of  the  long  bones.  Charcot's  joint  Is 
the  one  outstanding  exception  to  this 
pathological  rule.  The  toxic  irritation  of 
the  periosteum  in  this  disease  leaves  the 
tooth-edged  shadow  of  Pacini,  or  the 
chalk  line  of  increased  compact  structure 
of  Post,  radiologically  obserxable  in  the 
adult.  Bela  Alexander,  noting  the  epiphy- 
seal absorption  points,  and  the  inde- 
pendent similar  findings  noted  by  Shipley, 
Pearson,  Weech  and  Greene,  in  the  new- 
born, lends  to  this  type  of  neurological 
pathology  a  bone  interpretation  that  difler- 
entiates  syphilis  from  other  types  of  spon- 
dylitic lesions. 

Infectious  arthritis  Is  also  an  osteoclastic 
cell  stimulant.  Carcinoma  and  tuber- 
culous and  sarcomatous  lesions  are  osteo- 
porotic developers.  Bone  destruction  is 
radiologically  demonstrable,  when  either 
of  these  pathological  states  is  the  etiolog- 
ical explanation  of  a  compression  myelitis. 
Typhoid  spondylitis  may  or  may  not  be 
bone-destructive.  It  is  a  question  of  the 
period  of  the  vertebral  presence  of  the 
disease.  Early  skiagraphs  of  typhoid  bone 
lesions  demonstrate  bone  oNergrowths; 
late  skiagraphs,  a  bone-destructive  process. 
Correlati\e  study  of  case  history  and 
physical  findings  should  be  used  in  difieren- 
tiating  the  varied  forms  of  spond\litis. 
Carcinoma  is  practically  always  metastatic. 
Sarcoma  is  nearly  always  a  primary  lesion. 
Tubercular  spines  may  be  primary,  but 
nearly  always  ha\e  a  concomitant  pulmon- 
ary lesion  or  are  accompanied  by  an 
involvement  of  some  other  joint.  Syphilis 
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has  a  story  of  infection  and  serological 
proofs  of  its  presence.  Typhoid  has  a 
history  of  a  recent  attack  of  protracted 
intestinal  trouble. 

With  spine  neurological  diflercntiations 
in  mind,  the  radiologist  should  always 
insist  upon  a  case  history.  Many  central 
nervous  system  troubles  have  distant 
points  of  manifestation.  Morvan's  type  ot 
syringomyelia,  with  its  changes  in  the  first 
phalanx  of  the  digits,  the  cupula-domed 
diaphragm,  manifestation  of  phrenic  nerve 
injury  or  in\oK'ement  m  cord  lesions,  is  one 
of  these.  The  clinician  and  the  radiologist 
must  be  constant  consultants.  Insistent 
painful  backs  in  the  lower  dorsal  or  upper 
lumbar  region,  \arying  in  degree, 
frequently'  spell  Kuemmel's  disease,  an 
unrecognized  compression  fracture  of  the 
body  of  the  \ertebrae  with  an  over-bone 
growth  about  the  trans\erse  process. 
Sacralized  fifth  lumbar  vertebras  radio- 
logically  located,  frequently  explain  the 
protracted  type  of  sciatica. 

There  is,  then,  for  the  radiologist  a 
wonderful  field  in  neurological  diagnosis. 
Shadow  summation  in  skull  skiagraphy 
needs  an  intimate  knowledge  of  the  base 
formation  and  the  suture  lines  of  the  skull 
for  proper  interpretation.  To  us  who  are 
interested  in  central  nervous  system 
lesions,  you  are  very  essential  consultants. 
Your  efforts  and  the  labors  of  the  serolo- 
gists,  the  neuro-otologists  and  the  ophthal- 
mologists must  correlate  with  the  clinical 
story  and  our  physico-neuro  findings,  to 
make  the  diagnosis  of  central  ner\ous 
system  lesions  approach  accuracy. 

In  conclusion  I  have  but  these  perhaps 
presumptuous  suggestions  to  make: 
Remember  that  you  are  consultants,  and 
important  ones,  too.  Remember  that  the 
clinical  history  of  the  case  is  as  essential 
to  you,  if  you  wish  to  be  accurate  in  all 
branches  of  your  labors,  as  it  is  in  neuro- 
logical interpretation.  Demand  of  your  con- 
freres the  fullest  of  cooperation  in 
communicating  to  you  the  complete  find- 
ings of  others  before  you  render  an 
opinion  in  an  interpretati\e  sense.  This 
is  due  you;  moreo\er,  the  patient  is  en- 
titled to  cooperative  conclusions.  Others 
are    hazardous    to    them    as    well    as    to 

YOU. 


Ventriculography  as  well  as  intra- 
arachnoid  injections  of  air  will  remain,  I 
hope,  the  labor  of  the  neurological  surgeon 
or  become  a  new  field  of  roentgenological 
effort  only  after  a  safe  technique  has  been 
acquired  by  the  latter  medical  man. 
Trephining  the  skull  under  a  local  anes- 
thesia, using  a  small  Doyen  burr,  is  not 
difficult,  it  is  true;  tapping  the  lumbar 
arachnoid  space  does  not  demand  an 
excess  of  surgical  skill;  yet  each  needs  an 
anatomical  knowledge  and  an  aseptic  tech- 
nique which,  in  my  opinion,  makes  it,  for  the 
present,  the  province  of  the  neurological 
surgeon,  and  not  the  radiologist. 

The  demonstration  of  the  unoccluded 
lateral  ventricle  as  well  as  the  filling  of  the 
third  and  fourth  ventricle  with  air  needs 
another  special  line  of  study.  The  recog- 
nition of  the  normal  as  to  contour,  size  and 
relationship  of  these  structures  makes  of 
this  new  indirect  roentgenological  agent  a 
\'ery  interesting  bit  of  study.  The  use  of 
air  in  cortical  and  ventricular  shadow- 
graphy  is  but  another  indication  that  soon 
your  specialty  will  be  further  divided  into 
therapy  and  skiagraphic  divisions.  There 
will  be  a  new  and  separate  branch  entitled, 
in  all  probability,  "Interpretology."  The 
latter  will  be  based  upon  a  special  course 
which  medical  schools  should  now  ha^"e 
and  be  prepared  to  give  to  the  man 
making  a  specialty  of  roentgenological 
work.  It  would  seem  logical  that  roent- 
genology should  be  subdi\ided  in  its  teach- 
ing courses  into  roentgenological  pathology, 
roentgenological  histology  and  roent- 
genological physiological  branches,  besides 
the  ones  at  present  pursued.  Thus  will  be 
developed  diagnostic  roentgenological 
experts.  This  is  not  a  criticism;  it  is  merely 
a  suggestion. 

Radiological  central  nervous  system 
interpretation,  in  my  opinion,  should  be 
builded  upon  a  correlatively  examined 
clinical  story  and  the  use  of  other  diagnos- 
tic aids.  Roentgenological  reports,  unfortu- 
nately, are  only  too  frequently  rendered 
without  a  proper  study  of  the  history 
of  the  case.  There  is  a  definite  and  dis- 
tinct .x-ray  pathology  which  is  markedly 
separable  from  macroscopic  and  micro- 
scopic tissue  changes.  The  surgeon,  wishing 
to  be  right,  rarely  voices  a  macroscopical 
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interpretation  without  a  knowledge  of 
the  clinical  story  of  the  case;  the  micro- 
scopist  frequently  errs  who  attempts  a 
lens  interpretation  summary  without  con- 
sidering the  patient's  history;  and  yet 
your  average  medical  colleague  anticipates 
from  you  a  positive  diagnosis  without  the 
aid  of  a  collated  history  or  an  under- 
standing of  the  other  man's  findings. 
This  is  unfair  to  you  and  unjust  to  the 
patient.  Demand  of  your  confreres  an 
accompanying  clinical  story  of  the  case 
which  he  requests  you  to  diagnose  radio- 
logically.  Roentgenology  has  a  high  diag- 
nostic place  to  maintain.  You  are  consul- 
tants in  the  fullest  sense  of  the  word. 
Other  consultants  of  special  types  demand 
a  pitiless  publicity  concerning  every  feature 
of  the  case  before  even  starting  their 
investigation.  Do  likewise. 

DISCUSSION 

Dr.  Stewart.  I  wish  to  mention  the 
routine  examination  of  unconscious  patients 
brought  into  the  hospital.  We  have  found  that 
our  statistics  with  reference  to  the  presence  of 
fracture  have  greatly  increased  since  we  rou- 
tinely sent  them  to  the  x-ray  department  for 


examination.  It  is  very  important  to  examine 
the  entire  skull.  You  may  otherwise  overlook 
something  that  would  be  very  valuable  to  the 
surgeon. 

Dr.  Schultz  and  his  associates  have  quite 
persistently  found  that  .v-ray  findings  are  of 
value  as  indicative  of  injury  to  the  brain  sub- 
stance on  the  opposite  side.  They  claim  that 
the  strength  of  the  blow  is  sufficient  to  force 
fluid  around  and  injure  the  brain  substance  at 
that  point.  One  of  the  great  difficulties  in 
ventrilography  is  the  sustaining  of  the  needle 
through  the  opening  of  the  skull  while  the 
air  is  injected;  and  Dr.  King  of  New  \'ork 
has  devised  a  very  ingenious  thing:  a  screw 
which  screws  into  the  opening  of  the  skull. 
On  that  his  needle  rests  on  ball-bearing 
arrangements,  so  that  it  is  always  supported. 

Dr.  Crouse  (closing  discussion).  In  con- 
clusion I  want  to  say  that  the  selection  of 
your  needle  for  tapping  the  brain  is  very 
essential.  It  is  a  great  deal  of  trouble  to  main- 
tain the  needle  in  the  ventricle.  I  am  glad  to 
hear  of  Dr.  King's  technique.  We  are  antici- 
pating great  things  from  the  radiologist  and 
we  sincerely  trust  that  in  another  year  you  will 
say  "By  this  method  and  by  that  method, 
and  by  this  technique  and  that  technique  we 
can  safely  aid  you  in  85  per  cent  of  the  cases." 
We  think  it  is  coming  and  we  arc  looking  to 
\uu  to  do  It. 
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Stevens,   Rollix   II.     Ad\  ances   in    radiation 
therapy  of  deep-seated  tumors.  J.  Mich.  M. 
Soc,  Mar.,  1923,  xxi,  124. 
This  is  a  review  of  our  knowledge  of  physics 
covering  the  principles  of  deep  therapy.  The 
author  reviews  in  detail  the  work  which  has 
been  done  by  the  various  German  clinics  and 
refers  to  some  of  the  theories  of  the  biological 
effect  of  .v-rays.  A  part  of  the  article  is  devoted 
to  an  interesting  discussion  of  the  question  of 
surgery  in  cancer.  The  author  doubts  the  expe- 
diency  of  radical   operation    in    most   cancers 
for  the  following  reasons: 

1.  The  removal  of  all  the  reproductive  ele- 
ments of  cancer  by  the  most  radical  surgical 
operation  is  probably  impossible,  in  the  great 
majority  of  cases.  The  history  of  the  surgical 
treatment  of  cancer  substantiates  this  state- 
ment. 

2.  There  is  much  evidence  that  the  connec- 
tive tissues  about  a  cancer  are  important 
factors   in   the  cure  of  the  disease,   and   their 


help  can  be  greatly  increased  by  stimulation 
with  radiation.  These  tissues,  therefore,  should 
not  be  removed  surgically,  or  destroyed  by 
any  other  means. 

3.  Radiation  does  destroy  cancer  cells> 
directly  or  indirectly.  W  hether  directly  or  not, 
it  probably  stimulates  the  connective  tissues 
about  the  growth  so  that  they  proliferate, 
crowd  out  the  cancer  cells,  and  possibly  secrete 
immunizing,  biological  substances  against 
cancer. 

4.  Metastases  are  usually  more  sensitive  to 
radiation  than  the  primary  growth.  (Excep- 
tions to  this  are  cases  of  metastases  in  the  neck.) 
Therefore,  if  surgery  is  required  the  author 
belie\es  it  should  be  limited  to  the  primary 
growth;  and  the  sterilization,  so  to  speak,  of 
the  cancer  field  should  be  left  for  radiation  to 
accomplish. 

Pre-irradiation  is  better  if  gixen  four  to  li\e 
weeks  before  surgery.  Thus  is  the  field  made 
safer  lor  operation. 


ANNULAR  SHADOWS:  ARE  THEY  CAVITIES  OR 
SPONTANEOUS  PNEUMOTHORACES?* 
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Medical  DirectDr  of  Arc-quipa  Sanatorium;  Consulting  Physician  to  Southern  Pacific  and  Mount  Zion  Hospitals 
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''pHE  use  of  the  term  "annular  shadow" 
A  has  led  to  a  great  deal  of  confusion, 
and,  until  its  significance  is  settled,  prom- 
ises to  interfere  seriously  with  proper 
therapy  of  lung  cases  which  show  these 
shadows.  If  they  be  pleural  manifestations 
of  localized  spontaneous  pneumothoraces, 
they  are  not  of  very  great  importance,  but 
if  they  can  be  proven  to  be  lung  cavities, 
as  the  writer  believes  them  to  be,  the 
lighter  interpretation  of  their  significance. 


Fig.  I.  Annular  shadow  showing  opening  into  bronchus; 
posterioranterior  position. 

placed  upon  them  by  Brown,  Sampson  and 
Heise^  and  a  host  of  followers,  is  a  grave 
matter.  It  will  delay  adequate  therapy  in 
many  cases  in  which  the  shadows  do  not 
disappear  as  the  surrounding  lung  condition 
improves,  for  no  one  will  deny  that  cavities 
of  considerable  size  do  close  and  become 
healed  bv  the  contraction  of  fibrosis,  and  by 
their  obliteration  and  subsequent  metamor- 
phosis as  a  result  of  artificial  pneumo- 
thorax. 

The  ditlerentiation  of  ca\ities  from 
pneumothoraces  was  discussed  in  19 17  by 
Fishberg,'  who  used  the  term  "annular 
shadows"  in  a  generally  descriptive  way. 
Evans'    followed    with    an  address  before 


this  society,  in  19 18,  in  which  he  referred 
to  Eishberg's^  article  and  to  the  work  of 
the  Saranac  School  on  annular  shadows, 
which  he  had  obser\'ed.  He  accepted  their 
interpretation  of  localized  pneumothorax 
without  question  or  reservation.  The  Sara- 
nac group,  Lawreson  Brown,  Sampson  and 
Heise  followed,  the  next  year,  with  an 
article    reviewing    their    own    work    and 


Fig.  2.  Lateral  plate  of  case  shown  in  Figure  i. 

limiting  the  discussion  to  annular  shadows 
seen  in  roentgenograms  showing  linear 
lung  markings,  but  with  no  central  rarefac- 
tion as  compared  with  the  outlying  field. 
They  regarded  many  of  them  as  being  in  the 
Interlobar  fissure  and  associated  them  with 
the  adiacent  pulmonary  process,  owing 
their  formation  to  the  reaction  of  the 
pleura  to  perforation  of  the  lung. 

TweKe  per  cent  of  a  series  of  over  400 
cases  showed  annular  shadows  with  the 
roentgenographic  features  of  density,  and 
linear  markings  similar  to  those  of  the 
lung  field  surrounding  the  shadow,  and  in 
contrast  to  the  other  annular  shadows  with 
central  rarefaction  and  without  lung 
markings. 


•Read  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Rav  Society.  Los  Angeles,  Calif.,  September  12-16,  ig22. 

445 


446       Annular  Shadows:  Are  they  Ca\'ities  or  Spontaneous  Pneumothoraces? 


Following  this  article,  Amberson''  of  the 
Loomis  Sanatorium  presented  a  review  of 
50  cases  in  which  he  found  the  type  of 
annular  shadow  dehned  by  the  Saranac 
group,  and  in  a  series  of  100  consecutive 
examinations  he  reported  20  per  cent  as 
showing  these  shadows.  He  likewise,  ac- 
cepted them  as  pneumothoraces,  but 
introduced  as  explanation  of  their  origin 
the  idea  of  their  being  primary  pleural 
lesions  ol  unusual  type.  Recently  he  has 
published  further  studies  of  these  shadows, 
\\  hich  he  describes,  in  one  case,  as  following 


I'll,.  3.  ( !a\  Ity  nutliiH'. 

a  resorbing  pleural  exudate  and  disappear- 
ing as  the  condition  of  the  pleura  returned 
more  toward  normal.  One  of  these  shadows 
was  not  round,  but  triangular.  He  pre- 
sents the  fact  that  clear  fluid  was  with- 
drawn from  such  a  shadow  showing  a  fluid 
le\el,  but  gi\es  no  illustration  or  descrip- 
tion of  the  lung  condition. 

The  next  contribution  to  the  problem 
comes  from  Honeij,^  who  discusses  "ca\  it\ 
lormation  and  annular  pleural  shadows." 
He,  too,  accepts  without  question  the 
localized  pneumothorax  interpretation,  but 
injects  a  third  idea  of  the  pathology,  which 
certainly  adds  to  the  confusion.  He  divides 
annular  pleural  shadows  into  true  and 
false.  True  shadows,  he  states,  are  the 
result  of  adhesions  following  inflammation. 
"Under  certain  conditions" — what  they 
are    is    not    stated      "tlicre    is    an    o\al    or 


circular  arrangement  of  the  pleura  to  the 
formation  of  which  the  movement  of 
lung  and  thorax  contribute,  resulting  in 
the  formation  of  central  or  local  pseudo 
emphysema."  The  area  around  is  the  more 
firmly  attached  organized  pleura. 

The  final  contribution  comes  from  Bar- 
low and  Thompson,*  who,  in  a  preliminary 
report  on  the  subject,  say  that  pneumo- 
thorax is  the  rule  rather  than  the  exception 
in  lung  tuberculosis,  and  assume  that 
"annular  shadow  in  the  pleura  is  one  of 
the  easilv   recognized   indicating  signs  of 


Fig.  4.  C<inij>[eU'  thsappL-araiur.   ■•i\    iii.'iiths  later,   tif 
cavity  outline  seen  in  Figure  3. 

pneumothorax."  Even  if  they  mistake 
cavities  for  pneumothoraces,  they  are  still 
wrong  In  claiming  pneumothorax  as  the 
rule  In  lung  tuberculosis,  as  the  records  of 
any  good  roentgenological  laboratory  con- 
nected with  a  public  hospital  or  sanatorium 
for  ad\'anced  cases  will  disclose.  In  our  own 
800  cases  at  Arequipa  Sanatorium,  largely 
early  ones,  the  total  number  of  distinct 
spontaneous  pneumothoraces  does  not 
exceed  3  per  cent  of  the  patients,  of  whom 
for  the  past  eleven  years  we  have  had 
roentgenological  studies,  often  six  to  ten 
plates  of  many  of  the  patients.  Even 
Amberson  does  not  get  the  percentage  of 
the  annular  shadow  cavities  which  he  calls 
pneumothoraces  o\er  20  per  cent.  Barlow 
and  Thompson's  further  statement  that 
"annular  shadow  in   the  pleura   is  one  of 
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the  easily  recognized  indicatin<i  signs  of 
pneumothorax"  is  also  wrong,  unless 
limited  by  the  words  "in  good  x-ray  plates." 
In  my  experience  with  the  oldest  clinicians 
in  the  country,  these  so-called  annular 
shadows  are  peculiarly  likely  to  give  no 
physical  signs,  and,  unless  of  considerable 
size,  or  not  drainmg  freely,  they  are 
very  commonly  o\'erlooked  in  phj^sical 
examinations. 

A  brief  critical  review  ot  the  contentions 
of  these  supporters  of  the  pneumothorax 
interpretation    may    clear    the    situation. 


Fig.  5.  Dec.  24,  1921.  Annular  outline  between  third  and 
fourth  ribs,  anteriorly,  showing  opening  into 
bronchus. 

No  autopsy  examinations  of  their  own  or  of 
others  support  their  contention,  and  the 
pathological  explanation  by  Amberson 
and  Honei)  of  the  origin  of  these  shadows 
is  against  known  evidence,  and  seems 
made  to  fit  a  theory. 

Evans  criticizes  Dunham's"  interpreta- 
tion of  some  of  his  stereo-clinic  pictures 
and  sweeps  the  soundness  of  Dunham's 
studies  aside  without  a  single  logical 
argument  or  substantiated  deduction.  To 
quote  Evans,  "Dunham  failed  to  show 
that  this  question  had  been  discussed, 
and,  in  fact,  several  cases  described  as 
showing  cavity  formation  were  in  reality 
cases  of  localized  air  pockets."  Evans 
continues:  "In  making  a  report  on  a  chest 
examination  last  fall,  we  noted  an  annular 
shadow  which  we  described  as  atypical  of 


a  cavity,  but  no  suggestion  was  made  that 
it  might  be  a  localized  pneumothorax. 
There  was  a  small  amount  ot  iluid  present 
in  the  circumscribed  area,  this  supporting 
the  view  that  the  condition  was  one  of 
cavity  formation.  Plates  made  several 
weeks  later  of  the  same  case  showed  a 
marked  diminution  in  the  size  of  the 
supposed  cavity  and  showed  the  absence 
of  fluid.  This  of  necessity  suggested  that 
our  first  interpretation  was  an  error." 

E\ans  does  not  make  clear  why  several 
of  Dunham's  cases  were  "in  realitv  cases  ot 


Fig.  6.  Jan.  16,  1922.  Same  case  as  in  Figure  5,  after 
600  c.c.  of  air. 

localized  air  pockets."  No  man  in  this 
country  has  studied  chest  plates  and 
autopsy  findings  of  cases  more  faithfully 
than  Dunham,  and  in  a  personal  com- 
munication to  Burnham  he  has  said  that 
he  never  saw  an  annular  shadow  which  he 
diagnosed  as  cavity  which  was  not  a  cavity 
at  autopsy.  Dr.  Evans  does  not  give  his 
reason  for  calling  the  cavity  in  his  examina- 
tion quoted  above  "atypical."  Certainl\ 
the  small  amount  of  fluid  present  could 
not  be  atypical  of  cavity,  nor  could  its 
absence  a  few  weeks  later.  If  this  be 
admitted,  then  Evans  was  swung  over  to  a 
new  interpretation  of  his  findings  by  the 
sole  fact  that  the  shadow  showed  a 
"marked  diminution  in  size,"  which  he 
considers  common  in  localized  pneumo- 
thorax and  uncommon  in  cavity.  To  this 
we  cannot  agree. 
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The  real  responsibility  of  ad\ancin<i  the 
pneumothorax  idea  as  an  interpretation 
of  annular  shadows  rests  with  Brown, 
Heise  and  Sampson  of  the  Saranac  School. 
As  that  institution  holds  the  leading  place 
in  the  country  for  the  teaching  of  clinical 
aspects  of  tuberculosis,  a  grave  respon- 
sibility rests  upon  them  if  it  be  proven 
that  their  contention  is  wrong  and  that 
their  so-called  annular  shadows  for  prac- 
tical purposes  are  never  pneumothoraces, 
but  are  cavities.  The  proof  that  they  are 
cavities  the  writer  of  this  paper  hopes  to 


Fig.  7.  Jan.  24,,   1022.  Same  case,  after  two  more  air 
introductions  totaling  1,200  c.c. 

make  so  strong  and  convincing  that  it  w  ill 
put  the  matter  forever  at  rest,  and  serve 
to  undo  some  of  the  harm  that  has  been 
done  by  their  paper,  as  has  been  shown  by 
its  too  ready  acceptance. 

The  fact  that  many  of  the  sanatoria  in 
the  east  belittled  the  value  of  .\-ray  for 
years  has  prevented,  possibly,  their  col- 
lecting large  series  of  plates  in  which  the 
pathological  conditions  of  the  lung  showed 
graphically  the  changes  w'hich  they  had 
been  accustomed  to  describe  clinically. 
Had  serial  plates  been  the  rule  in  studying 
cases,  the  clinicians  would  not  have  fallen 
into  the  error  of  belittling  the  value  of  their 
own  examinations  and  depended  so  en- 
tirely on  a  roentgenologist's  interpretation 
of  a  clinical  condition.  This  point  is  illus- 
trated    bv     Figures     i     and     2,    showino; 


annular  shadows  which  were  diagnosed  as 
caxities  in  191 2,  and  what  has  happened  to 
them  in  the  ten  years  that  intervened. 
Figures  3  and  4  show  the  enormous 
distortion  of  the  thoracic  contents  in 
another  one-sided  case,  where  the  right 
lung  was  once  honeycombed  with  caxities. 
In  both  of  these  cases,  adhesions  pre- 
vented successful  closing  of  the  ca\ities  by 
artificial  pneumothorax,  although  the  par- 
tial collapse  and  subsequent  diffuse  adhe- 
sive pleuritis  probably  assisted  in  the 
retraction   of  the   diseased    lung   and   the 


Fig.  8.  Fclj.  16,  1922,  after  further  collapse. 

partial  closure  of  the  cavities.  It  has  been 
our  experience  that  cavities  as  large  in 
diameter  as  3  or  4  and  even  5  cm.  can  close 
in  a  relatively  few  months  if  conditions  are 
fa\orabIe.  The  fact  must  ha\e  presented 
itself  to  e\eryone  who  has  studied  the 
expansion  after  pneumothorax,  that  the 
diseased  part  of  the  lung  expands  more 
slowly  than  the  unalTected  part.  In  other 
words,  without  the  disease  there  is  less 
tendency  to  the  formation  of  fibroid  tissue, 
and  it  is  by  fibrosis  that  contraction  of  the 
ca\ities  takes  place.  Adhesi\e  pleuritis 
helps  by  pulling  o\er  the  heart  and  medi- 
astinum and  raising  the  diaphragm.  The 
adhesions  seem  to  take  in  the  slack  from 
the  lessened  movement  of  the  affected  side. 
Against  Honeii's  \iews  much  can  be 
said.  He  is  \ague  on  the  proposition  of 
iiist  what  ho  accepts  as  annular  shadows. 
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and  too  much  ot  his  exphmation  ol  size, 
type,  location,  wall  thickness,  shape,  size 
in  relation  to  healing,  etc.  of  cavities,  we 
cannot  agree  with.  It  is  hard  also  to 
fathom  the  idea  advanced  regarding  the 
relation  of  "true  annular  shadows"  and 
the  breaking  down  of  lung  tissue.  He  says: 
"  It  is  true  that  the  two  conditions  may 
co-exist,  but  equally  true  that  pleural 
changes  may  be  secondary  to  cavitation, 
or  vice  versa.  Consequently,  if  a  case  is 
presented  in  which  caxitation  is  accom- 
panied by  a  pleural  annular  shadow,  it  is 


to  pleural  inflammation."  And  yet  he 
quotes  Norris,  Ribadeau-Dumas  and  others 
as  to  silent  ca\'ities  and  the  unreliability 
of  signs  in  general. 

It  would  be  unfair  to  medicine  to  close 
this  argument  without  making  quite  clear 
that  this  controversy  concerns  lesions  in  the 
lung  giN  ing  either  no  physical  signs  or 
very  uncertain  ones,  in  the  vast  majority 
of  cases.  Pathognomonic  signs  of  ca\ity 
apply  to  large  cavities  superficially  placed, 
or  containing  fluid  through  which  entering 
air  must  pass,  or  in  which  the  air  is  at 


Fig.  9.  Feb.  23,  1922.  Complete  collapse  prevented  by 
apex  adhesions.  Cavity  outline  markedly  reduced 
in  size  and  showing  fluid  level. 

generally  impossible  to  differentiate  the 
two  conditions."  If  Honeij  means  what  he 
says,  he  admits  that  a  cavity  may  assume 
all  the  characteristics  that  he  ascribes  to 
localized  pneumothorax.  That  is  exactly 
the  writer's  contention,  and  Honeij 's  state- 
ment reminds  him  of  the  story  of  the  little 
boy  who  answered  the  question  as  to 
authorship  of  the  Odessy  by  saying  that  it 
was  not  written  by  Homer  but  by  another 
man  of  the  same  name.  There  is  a  further 
vein  of  humor  in  his  final  admission  that 
"one  must  determine  whether  the  disease 
is  sufficiently  ad\anced  to  make  diagnosis 
of  cavity  probable.  ...  If  physical 
signs  are  insufficient  to  establish  the 
diagnosis  of  cavity,  the  assumption  is 
warranted  that  the  annular  shadow  is  due 


Fig.  10.  Same  case  six  months  later.  Cavity  site  marked 
by  dense  scar. 

times  under  conditions  of  tension  gi\ing 
characteristic  sounds.  The  great  frequency 
of  cavitation  and  the  method  of  its  develop- 
ment by  coalescence  of  honeycombed 
areas  resulting  from  softening  can  be 
followed  easily  by  serial  .v-ray  stereo- 
scopic plates.  Screening  gives  no  definition, 
but  admits  of  study  of  an  expansile  and 
contractile  movement  of  a  cavity  wall 
with  cough,  and  flat  plates  are  very  often 
misleading.  Even  physical  signs  have  to  be 
weighed  with  the  greatest  care.  In  our 
experience,  the  increase  or  appearance  of 
rales  after  cough  following  expiration  is  one 
of  the  most  dependable  signs,  when 
weighed  with  impaired  resonance,  but  it 
may  be  so  simulated  by  pleural  sounds  as  to 
make  differential  diagnosis  dependent  on 
the  best  of  .v-ray  plates. 
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In  spite  ot  the  frequency  of  cavitation 
without  pathognomonic  signs,  and  in  spite 
of  the  inabiHty  to  depend  on  our  most 
classical  signs,  and   in  spite  of  the  great 


adjunct     to     interpretation,     their     own 
writings    testify. 

The    reasons     for    believing    that     the 
interpretation  of  certain,  or  any,  annular 


Fig.  II.  Two  "annular  shadows"  at  right  apex.  Plate  Fig.    12.   Same   patient,   Oct.,    1922,   nine  years  later 

taken    in    1913.    Upper   cavity    under    the    clavicle,  showing   deviated    trachea,    high    diaphragm,    heart 

lower  one  from  the  center  of  the  hilus  out  toward  the  and  mediastinum  distortion.    Cavities  still  present  in 

upper  axilla.  markedly  contracted  right  upper  lobe. 

contribution   of  the  .v-ray   plate,   physical  shadows    as    localized    pneumothoraces    is 

examination     is     and     will     undoubtedly  wrong  are  these: 

remain  in  the  hands  of  well-trained  physi-  i.   In    a    critical    examination   of  many 

cians,    the    best     means    ot     determining  hundreds  ot  such  cases,  no  such  shadow, 


Fig.  13.  Multiple  cavitation  in  right  upper  lobe.  Pleu- 
risy at  both  bases.  Plate  made  in  191 7. 

degree  of  acti\it\  and  of  interpreting 
progress.  That  skilled  physicians  are  the 
ones  who  should  appreciate  most  of  all  the 
graphic     methods     of     radiology     as     an 


Fig.  14.  Same  patient  two  years  later  showing  con- 
traction on  the  right  side.  A  clearing  up  of  the  pleural 
condition  in  the  left  lower  lobe. 

when  subjected  to  one  or  more  of  the 
following  tests,  has  been  pro\en  to  be 
anything  but  a  cavitv.  \\  hile  not  denying 
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that  a  localized  pneumothorax  may  show- 
as  an  annular  ring  form,  the  writer  has 
never  met  such  a  spontaneous  pneumo- 
thorax, although  he  has  seen  a  good  many 
recent  ones  m  x-ray  plates,  none  of  which 
pneumothoraces  was  to  be  confused  with 
cavities,  and  none  was  round.  Further- 
more, stereo  plates  of  artificial  pneumo- 
thorax where  adhesions  have  limited  the 
air  to  100  c.c.  or  less,  have  never  assumed 
the  appearance  of  these  annular  shadows 
(Fig.  I). 

2.  Anteroposterior  and  lateral  \iews 
of  these  conditions  show  them  to  be 
equally  round  in  both  directions,  which 
could  be  true  only  if  they  were  caMties 
(Figs.  -J  and  6,  etc.).  Apex  caxities  cannot 
be  shown  this  way,  owing  to  inter\ening 
structures. 

3.  Artificial  pneumothorax  will  first 
compress  and  then  collapse  these  shadows 
and  move  them  from  their  original  posi- 
tions, which  would  be  impossible  if  they 
were  in  the  parietal  pleura  (Figs.  7,  8,  9,  10 
and  11). 

4.  If  unilateral,  and  found  sometimes  to 
contain  fluid,  the  shadow  may  be  studied 
by  x-ray  in  the  morning  after  the  patient 
has  spent  the  night  on  the  affected  side, 
before  the  cavity  has  emptied  itself  and 
after  postural  efl^ort  at  emptying.  Pneu- 
mothoraces containing  fluid  will  not  empty. 
Matson  has  injected  methylene  blue  into 
such  an  area  and  had  it  expectorated  at 
once. 

5.  Finally,  stereograms  such  as  we  have 
been  fortunate  enough  to  get,  taken  in  }io 
second  each,  so  that  there  is  no  interference 
with  outlines  due  to  motion  transmitted 
by  heart  action,  give  a  detail  never  secured 
before  in  lung  plates,  and  show  not  only 
the  perspective  of  these  shadows,  and  that 
they  are  cavities,  but  orient  them  in  their 
relation  to  the  chest  wall,  show  their  con- 
nection with  bronchi,  and  how  they 
increase  in  size  by  coalescing  with  adjacent 
and  often  very  small  cavities  or  by  includ- 
ing softened  areas  which  border  on  them. 

If  any  or  all  of  these  tests  are  applied  to 
"certain  appearances  in  x-ray  plates  of  the 
chest"  not  recognizable  by  clinical  signs, 
we  contend  that  they  will  be  found  to  be 
cavities,  and  that  for  prognostic  and 
therapeutic    purposes    they    must    be    so 


regarded  even  when  satisfactory  means  of 
proof  are  not  available.  At  least,  let  us 
apply  the  test  and  not  give  so  grave  a 
condition  as  a  cavity  an  interpretation  that 
might  end  disastrously  to  the  patient. 
Consider  all  annular  shadows  as  cavities 
until  diligent  investigation  proves  that 
they  are  to  be  better  interpreted  some 
other  wav. 


Fig.  15.  Same  patient  three  years  later  still  showing  the 
heart  far  over  on  the  right  side;  marked  curve  to  the 
right  of  the  trachea.  Right  diaphragm  pulled  up  very 
high.  Interspaces  markedly  narrow.  Cavities  at 
right  apex  still  unclosed. 
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DISCUSSION 

Dk.  Burnh.\m.  I  accept  what  Dr.  Brown 
said  regarding  the  fact  that  annular  pneunio- 
thorax  docs  not  exist.  We  are  all  familiar 
witli  localized  pneumothorax.  It  is  never 
annular  in  contour. 
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Four  cases  of  so-called  annular  pneumo- 
thorax have  been  autopsied,  and  tiicy  pro\ed 
to  be  cavities. 

Annular  shadows,  the  center  of  which  have 
the  same  density  as  the  surrounding  lung, 
with  linear  lung  markings,  are  a  sign  complex 
not  difficult  to  keep  in  mind;  but  if  we  wander 
away  from  the  subiect  to  talk  about  localized 
pneumothoraces  not  of  this  type,  it  complicates 
things. 

The  c[uestion  of  the  walls  of  the  cavities  has 
received  ver,\'  little  consideration  from  any  one. 
During  the  past  year  Dr.  Brown  and  myself 
have  tried  to  find  out  about  the  formation  of 
the  cavity  walls  as  regards  thickness.  Why  do 
we  see  thin  and  thick  ones?  In  our  work  we 
were  struck  right  away  by  the  fact  that  in  these 
thin-walled  cavities  there  was,  at  the  bottom  of 
each,  a  large  opening  into  the  bronchus.  We 
thought  that  was  a  factor  in  the  formation  of 
thin  walls:  viz.,  easy  drainage,  with  a  large 
opening  in  the  dependent  part  of  the  cavity. 
That  is  presented  for  what  it  is  worth.  Many 
other  factors  must  enter  into  the  formation  of 
the  wall. 

I  would  like  to  ask  the  president  if  he  would 
call  on  Dr.  Matson  to  discuss  the  paper. 

Dr.  Evans.  It  is  evident  to  me  that  I  am 
on  the  defensive.  Some  five  years  ago  I  made 
my  first  observations  on  this  subject.  A  year 
later  I  studied  the  work  with  Dr.  Thompson, 
and  the  same  fall  I  published  my  observations. 

In  spite  of  the  fine  paper  this  afternoon,  I  am 
still  unconvinced  that  there  are  not  annular 
shadows  which  are  not  cavities,  for  these 
reasons:  First,  I  have  been  able  to  tell  in  ad- 
vance when  a  shadow  would  appear,  and  have 
studied  serial  plates  in  which  I  have  first  noted 
a  superficial  lesion  and  secondarily  noted  an 
annular  shadow  which  was  round,  and  which 
represented  in  general  appearance  the  shadow 
shown  this  afternoon.  I  believe  all  these 
shadows  which  I  have  seen  were  cavities,  with 
possibly  one  exception.  In  spite  of  that, 
there  are,  in  my  opinion,  annular  shadows 
which  are  not  cavities,  in  the  second  place, 
we  have  considered  the  associated  pathology. 
I  have  seen  annular  shadows  in  cases  of  so- 
called  apical  tuberculosis  in  which  you 
would  not  find  ca\ity  lormation  because  it  is 
acute.  I  ha\e  seen  the  same  lesion  in  so-called 
peribronchial  tuberculosis.  In  that  type  you 
would  not  expect  to  find  cavity  formation.  On 
the  other  hand,  we  have  studied  cases  serially, 
and  have  observed  that  those  annular  shadows 
do  change  rapidly  in  size  and  outline. 

I  am  classifying  now  2,000  chest  cases  and  1 
hope  to  get  positive  figures.  Burnham  relerred 
to  the  post-mortem  finding  in  a  case  in  which 
there  was  louiul  an  annular  shadow   wlmli  he 


said  was  localized  pneumothorax.  That  is 
reported  in  the  Journal  oj  Tuberculosis.  As  a 
lurther  proof  that  some  of  the  shadows  are  not 
cavities,  I  believe  that  some  w  orkers  have  been 
able  to  withdraw  a  serous  fluid  from  an  annular 
shadow.  Some  cavities  have  been  injected  and 
the  patient  has  been  able  to  cough  up  the  solu- 
tion placed  in  the  cavity. 

I  think  the  matter  is  important  and  that 
we  appreciate  the  discussion.  Since  my  formal 
report,  I  am  frequently  called  upon  to  say 
that  I  cannot  properly  classify  annular 
shadows:  they  may  be  cavities  or  localized 
pneumothoraces,  and  the  subject  requires 
further  study. 

Dr.  M.\tson.  The  question  of  annular 
shadows  and  cavities  is  one  which  has  con- 
cerned me  a  great  deal  during  the  past  few- 
few  years,  especially  after  reviewing  the 
literature.  The  frequency  of  spontaneous 
localized  pneumothorax  is  much  more  fre- 
quent, according  to  the  men  describing  this 
condition,  than  we  have  found  in  our  own 
experience. 

The  question  of  differentiation  between 
closed  pneumothorax  and  cavity  is  very  easy 
because  it  requires  only  the  introduction  of  a 
needle.  If  one  introduces  atmospheric  air  in 
this  cavity,  it  will  escape  through  the  bronchus. 
If  we  inject  weak  dilution  of  methylin  blue,  it 
IS  expectorated.  But  the  question  of  difieren- 
tiation  between  localized  closed  pneumothorax 
and  circular  lesion  is  much  more  diflTicult.  We 
have  seen  in  roentgenograms  many  times  what 
we  thought  to  be  a  circular  lesion  and  would 
prove  it  to  be  a  cavity  although  there  were  no 
physical  diagnostic  evidences  of  cavity.  We  all 
know  that  cavities  exist  in  the  lung. 

We  know  that  in  most  instances  in  acavitv,  if 
close  to  the  chest  wall,  there  is  always  a  patch 
of  adherent  pleura  o\'er  the  side  of  the  cavity, 
and  we  ha\e  watched  the  separation  of  these 
bands. 

Dr.  Manges.  This  is  a  very  interesting 
situation.  The  original  work  of  Sampson,  Heise 
and  Brown  seems  to  have  been  very  well  done, 
at  least  from  the  roentgenographic  point  of 
view.  And  now  Dr.  Brown  and  Dr.  Burnham, 
men  of  renow  n  and  abilit\ ,  take  the  stand  that 
the  mterh)bar  annular  shadows  do  not  exist.  I 
think  \\i'  ought  to  look  upon  the  prt)S  and  cons 
with  at  least  a  fair  thought  to  both  sides.  I 
am  convinced  that  they  are  not  of  frequent 
occurrence,  but  I  feel  equally  certain  that  they 
do  exist,  and  that  they  may  or  may  not  contain 
air;  or,  in  other  words,  that  they  ma>-  not  e\en 
be  pneumothoraces. 

There  are  questions  that  may  be  asked  of 
either  side.  First,  if  it  is  an  interlobar  pneumo- 
thorax  from   a   perforating  tuberculous  locus. 
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why  does  not  a  complete  pneumothorax 
develop?  Spontaneous  pneumothorax  is  sup- 
posed to  occur  in  this  way  and  should  produce 
sudden  symptoms.  On  the  other  hand,  if  these 
large  cavities  are  always  the  result  of  abscess  in 
the  lung  tissue,  why  do  we  not  always  get  a 
history  of  acute  illness  with  sudden  expectora- 
tion of  a  quantity  of  pus,  or  rocntgenographic 
e\idence  of  the  formati\'e  stage  of  the  abscess? 
And  why  is  it  that  in  many  of  the  cases  there 
is  very  little  other  rocntgenographic  evidence 
of  tissue  change  in  the  lungs? 

Again,  granting  that  encapsulated  pneumo- 
thorax is  a  pathologic  entity,  what  is  there  to 
pre\ent  the  formation  of  exudate,  or  of  its 
communication  by  way  of  ulceration  with  a 
bronchus?  Why  should  not  such  a  cavity  have 
depth  in  all  diameters,  or  be  more  or  less 
spherical?  And  why  should  it  not  respond  to 
treatment  by  compression,  the  same  as  any 
other  cavity? 

Thinness  of  the  limiting  wall  offers  further 
opportunity  for  argument.  I  am  sure  I  have 
seen  such  shadows  that  were  incomplete,  or 
with  part  of  the  wall  so  thin  as  not  to  be  recog- 
nizable m  shadow.  I  have  one  case  m  mind  in 
which  there  were  numbers  of  these  annular 
shadows.  Some  of  them,  I  believe,  represented 
cavities  in  the  lung  tissue;  others  were  not 
truly  annular,  had  little  if  any  depth,  and,  on 
the  left  side  especially,  were  distributed  from 
above  and  behind,  downward  and  forward  in 
the  line  of  the  interlobar  fissure.  (Stereoscopic 
slides  of  this  case  were  sent  to  Dr.  Heise  and  he 
called  my  attention  to  distribution  mentioned 
above.) 

I  have  seen  at  autopsy,  and  especially  during 
the  llu  epidemic  of  1918,  instances  of  localized 
pleuritis  between  the  lobes,  the  lesions  being 
small  or  large,  but  often  circular  in  outline, 
with  well-organized  adhesions  at  the  circum- 
ference and  more  or  less  plastic  exudate  within 
the  ring.  It  is  entirely  reasonable  to  suppose 
that,  later  on,  such  lesions  would  produce 
annular  shadows  on  the  roentgenogram. 

I  do  not  believe  that  the  annular  shadow  of 
interlobar  origin  is  very  frequently  seen,  but  1 
do  belie\e  in  its  existence.  Further,  I  belie\e 
that  many  of  the  cavities  with  thin  walls  in 
the  lower  two-thirds  of  the  chest,  in  the  absence 
of  advanced  pathology  in  the  upper  third,  are 
bronchiectatic,  and  not  true  abscess  cavities. 

Dr.  Bowen.  This  subject  is  exceedingly 
interesting  to  me  because  of  working  with 
Norris  for  two  years.  In  formulating  a  rather 
set  type  of  instructions  in  roentgenology  for 
classes,  he  iust  recently  came  to  the  conclusion 
that  we  should  leave  out  any  reference  to 
annular  shadows,  for  the  reason  that  we  then 
considered    the    data    a  controversial  subject. 


Norris  has  had  an  exceedingly  large  experi- 
ence in  watching  pathological  post-mortem 
examinations,  and  is  sure  he  has  never 
seen   one. 

On  the  other  hand,  there  is  a  case  that  had 
even  more  of  these  than  the  one  which  Dr. 
Brown  called  to  our  attention,  and  while  his 
impression  seems  to  bear  out  the  fact  that  these 
could  hardly  ha\e  been  pneuniothoraces,  this 
man  could  not  interest  the  tuberculosis  dis- 
pensary in  his  case,  even  after  we  had  shown  the 
shadows.  He  seemed  to  have  absolutely  no 
physical  signs,  and  I  think  there  were  seventeen 
of  these  shadows  that  we  outlined  very 
completely. 

Dr.  Brown  (closing  discussion).  I  should 
not  like  to  be  quoted  as  saying  there  is  no  such 
thing  as  an  annular  formed  pleural  shadow  due 
to  pneumothorax. 

I  had  a  case  recentlj^  of  spontaneous  pneumo- 
thorax with  symptoms  of  localized  pleural 
irritation  onlj',  and  had  the  roentgenologist 
point  it  out  to  me,  because  I  had  not  found  it 
on  physical  examination.  It  was  not  like  any- 
thing that  these  people  have  called  localized 
spontaneous  pneumothorax  of  the  annular 
shadow  type,  yet  you  all  would  recognize  it  as 
a  nice  limited  pneumothorax  in  the  plate. 
In  the  first  place,  you  can  see  that  the  edge  is 
not  round,  although  it  will  probably  get  round 
in  time  from  the  effects  of  pressure.  When 
small  pneuniothoraces  first  appear,  they  are 
never  round,  whether  produced  by  lung  rupture, 
or  artificially,  by  air  introduction.  I  see  a  great 
man>-  of  them  in  plates  taken  after  the  first  arti- 
ficial pneumothorax,  where  adhesions  limit  the 
diffusion  of  air,  and  I  have  never  seen  one  that 
looks  like  a  cavity.  It  is  the  old  spontaneous 
pneumothorax  that  has  the  big  thick  wall  and 
is  relatively  round,  that  is  sometimes  hard  to 
tell  from  a  cavity. 

In  regard  to  the  question  of  cavities  getting 
larger  or  smaller;  if  you  will  follow  a  case  w-ith 
small  cavities,  with  plates  made  monthly,  you 
will  often  see  a  change  in  the  size  of  the  cavity. 
Often  you  can  see  that  it  is  getting  smaller, 
and  finally  it  disappears  completely  as  a  cavity. 
In  unfavorable  cases,  it  may  get  a  thicker  and 
thicker  wall  and  grow  slowly  and  symmetri- 
cally larger,  or  it  may  increase  in  size  by  incor- 
porating other  adjacent  cavities  or  softened 
areas. 

A  great  many  people  with  bad  cavities  work 
up  to  the  day  they  are  put  to  bed  never  to  get 
up.  The  undermining  of  vitality  may  be  a 
gradual  tiling,  and  people  do  not  recognize  the 
seriousness  of  the  situation  until  they  are  told 
what  is  wrong  with  them.  In  these  progressive 
cases,  annular  shadows,  properly  studied, 
reveal  promptly  their  true  character. 


CASE  OF  BULLET  IN  HEART  WITH  RECOVERY* 


BY   F.    C.   SWEARINGE.N,    M.D. 


POMONA,    CALIFORNIA 


MR.  M.,  aged  forty-five,  had  influenza 
.  in  December,  191 8.  During  his  con- 
valescence his  wife  died  of  influenza 
pneumonia.  On  Feb.  i~,  1919,  being 
despondent,  he  attempted  to  take  his  hfe, 
after  which  he  asked  the  telephone  operator 
to  summon  his  family  physician.  He  was 
found  lying,  face  down,  inside  his  front 
door.  He  was  unconscious,  deepl\ 
cyanosed,  with  respirations  stertorous,  no 
pulse  perceptible   at  wrist,   and   no  heart 


I.  Case  No.  7075.  Lateral  view  showing  shadow  of 
bullet  within  heart  shadow.  . 

tones  to  be  heard  o\'er  the  cardiac  area. 
Examination  showed  a  bullet  wound  in 
the  fifth  intercostal  space  one-half  an 
inch  to  the  left  of  the  sternum. 

The  patient  was  placed  on  his  back  and 


deep  respirations.  There  was  no  nausea,  no 
expectoration,  and  no  cough  at  this  time 
or  at  any  time  during  his  illness.  The 
wound  of  entrance  was  dressed,  and  no 
wound  of  exit  could  be  found. 

At  1.35  radial  pulse  was  perceptible  for 
the  first  time,  but  not  strong  enough  to 
make  it  possible  to  count  pulse,  nor  were 
the  heart  sounds  clear  enough  to  count 
pulse  with  the  stethoscope. 


Fig.   2.    Case   No.  7075.  Anteroposterior  view  showing 
shadow  of  bullet  within  heart  shadow. 

At  1.50  the  patient  became  \ery  rest- 
less and  complained  of  sexere  pain  in  the 
chest. 


At 


.00    the    radial    pulse    was    strong 


enough   to   count,  regular  in  rhythm  and 
given  Jeo  gr.  of  strychnine  sulphate  hypo-     registered  98  per  minute, 
dcrmatically.  In  a  few  minutes  his  respira-         The  patient  rested  fairly  well  during  the 
tions    and   color   improved,    and    he   soon      rest  of  the  day  and  slept  some  during  the 

night.  The  following  morning  he  took  a 


began  to  regain  consciousness.  He  was 
removed  to  the  hospital  where  examination 
at  12.50  p.m.  showed  no  radial  jjulse,  \er\ 
faint  and  indistinct  heart  sounds  over  the 
heart,   and   cardiac   area   of  dulness  verv 


little  lic|uid  food. 

During  the  next  six  days  the  pulse 
varied  between  80  and  100,  was  always 
regular,  and  gradually  increased  in  volume. 


much  increased.  The  patient  was  entirely  The  heart  sounds  also  gradually  improved 
conscious  and  complained  of  some  pain  in  in  clearness.  From  the  sixth  to  the  twelfth 
the  left  chest  which  was  not  aggra\ated  by     day  the  pulse  ranged  between  70  and  90, 

•Thesis  presented  leading  to  membership  in  The  .•\mericax  Roentgen  Ray  Society,  1921. 
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the  cardiac  dulness  decreased  and  the  heart 
sounds  became  clear  and  distinct. 

Improvement  was  uneventful  from  this 
time,  and  the  patient  left  the  hospital 
on  March  4,  19 19. 

Exammation  ot  the  house  immediately 
after  the  shooting  showed  that  the  patient 
was  lying  on  the  bed  at  the  time  of  the 
accident,  his  re\oh"er,  a  32  caliber,  and 
some  small  pieces  of  a  vest-button  which 
was  shattered  by  the  bullet  being  found  on 
the  bed.  From  the  bed  he  walked  15  ft.  to 
the  telephone.  Fresh  blood-stains  on  the 
directory  showed  that  he  had  attempted 
to  find  his  doctor's  telephone  number. 
After  calling  central  and  asking  her  to 
summon  his  physician,  he  walked  another 
20  ft.  to  reach  the  front  door,  where  he  was 
found,  and  where  he  evidently  collapsed. 

On  March  11,  1919,  the  patient  walked 
into  my  office  seeking  a  roentgen  examina- 
tion. He  was  at  that  time  experiencing  some 
difficulty  in  the  muscular  action  of  the  4th 
and  5th  fingers  of  the  left  hand,  and  his 
physician  thought  perhaps  the  bullet  had 
traversed  upward  and  located  in  the  region 
of  the  cer\ical  plexus. 

The  wound  of  entrance  was  still  plainly 
visible.  The  patient  was  placed  in  the 
anteroposterior  position  before  the  fluoro- 
scope,  and  immediately  a  foreign  body  was 
noted  just  posterior  to  the  wound  of  en- 
trance and  within  the  shadow  of  the  heart 


approximately  midway  between  the  right 
and  left  borders  and  approximately  2  cm. 
below  the  greatest  diameter  of  the  heart. 
There  was  an  oblique  movement  of  the 
foreign  body  with  each  impulse  of  the 
heart. 

The  patient  was  then  rotated  in  both 
directions  with  the  shadow  of  the  foreign 
body  always  In  view.  At  no  time  did  it 
pass  out  of  the  shadow  of  the  heart. 

In  the  lateral  view,  the  shadow  of  the 
foreign  body  was  situated  approximately 
I  cm.  anterior  to  the  mid-axis  of  the  heait 
shadow. 

Owing  to  the  movement  of  the  heart, 
roentgenograms  were  taken  with  the  aid  of 
the  intensifvmg  screen,  plates  being  taken 
in  both  the  anteroposterior  and  the  lateral 
positions.  Each  of  the  plates  thus  exposed 
shows  the  shadow  of  the  foreign  body  well 
within  the  shadow  of  the  heart. 

A  second  examination  was  made  on  Sept. 
14,  19 19,  SIX  months  after  the  accident, 
with  the  same  findings  as  the  first,  except 
that  the  heart  shadow  was  perceptibly 
smaller.  A  recent  examination  reveals  no 
change,  and  the  man  Is  at  present  working 
at  moderate  manual  labor  in  a  fruit  packing 
house,  apparently  enjoying  the  best  of 
health. 

I  am  Indebted  to  Dr.  A.  L.  Weber  of 
Cucumonga,  Calif,  for  assistance  in  the 
history  of  this  case. 


THE  LUMBAR  TRANSVERSE  PROCESSES 


BY    MORRIS    I.    BIERMAN,    B.S.,    M.D. 
U.  S.  Veterans'  Hospital  No.  35 

ST.    LOUIS,    MISSOURI 


IN  following  a  routine  for  gastromtestinal 
examinations — wherein  a  preliminary 
radiogram  of  the  patient  was  taken  in 
anteroposterior  direction — of  the  kidneys, 
gall-bladder  and  lumbar  spine,  there  have 
frequently  been  observed  solutions  ot 
continuity  of  the  transverse  processes  of 
the  lumbar  vertebrae,  usually  unilateral, 
but  at  times  bilateral.  These  were  diag- 
nosed as  congenital  anomalies,  and  the 
question  of  pathology  was  never  brought 


Fig.  I.  Unilateral  lumbar  rib  simulating  fracture  of  the 
transverse  process  of  the  first  lumbar. 

up.  These  cases  were  ne\er  reported  as 
showing  pathology  of  the  spine  in  the 
preliminary  radiogram. 

On  one  occasion,  a  case  reported  as 
negative  on  the  preliminary  examination 
was  reported  back  as  ha\  ing  had  a  roent- 
gen-ray  diagnosis  of  fracture  of  the  trans- 
verse process  of  the  first  lumbar  \ertebra 
about  three  years  previously.  On  re-exami- 
nation of  the  film,  it  was  found  that  the 
trans\erse  process  was  di\idcd  into  an 
inner  two-thirds  and  an  outer  one-third. 
The  line  of  division  was  sharp,  somewhat 
curxed,  with  the  concavity  directed  lat- 
eralU.  The  margins  of  the  bone  were 
smooth  and  clearly  outlined,  and  there  was 


no  calcium-salt  absorptuMi  present.  In 
\iew  of  the  history  of  an  injury  to  the 
back  in  this  case,  comparison  of  the  radio- 
gram with  other  cases  showing  similar 
divisions  of  the  transverse  processes  was 
made.  No  differences  could  be  discerned 
of  sufficient  importance  to  indicate  that  the 
solution  of  continuity  of  the  transverse 
process  of  the  first  case  was  of  different 
character  from  the  di\isions  noted  in  the 
other  cases  which  had  no  historv  of  back 


Fic.  2.  Bilateral  failure  of  the  secondary  epiphyses  of 
the  first  lumbar  to  fuse.  Before  retouching  of  film 
the  condition  very  closely  simulated  fracture. 

injury    and    were   found   only    on    routine 
preliminary  roentgenograms. 

A  rex'iew  of  the  development  of  the 
\ertebrae  in  the  lumbar  region  shows  that 
in  an  embryo  of  about  15  mm.,  chondritica- 
tion  is  already  taking  place.  Each  \  ertebra 
is  provided  with  a  rib  process,  but  there  is 
no  separation  between  the  rib  ami  the 
primiti\"e  \ertebra  until  late  in  the  car- 
tilaginous stage.  In  the  cervical,  lumbar, 
and  sacral  regions,  the  processes  remain 
attached  to,  and  become  parts  of,  the 
vertebrae,  but  in  the  thoracic  region, 
thcv  grow  around  the  btxlx  wall  to  lorm  the 
free  ribs.  The  costovertebral  articulations 
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are  produced  by  absorption  in  the  matrix 
between  the  ribs  and  the  vertebrae,  the 
surrounding  mesenchyme  giving  origin  to 
the  costo\'ertebral  Hgaments. 

The  rib  process  and  the  growing  trans- 
verse process  are  at  first  united  by  a  con- 
tinuous blastema.  This  is  absorbed  as 
anastomoses  are  estabhshed  between  the 
segmental  arteries,  but  between  the  end 
of  the  process  and  the  rib  a  )omt  cavity  is 
formed  and  the  surrounding  mesenchyme 
gives  rise  to  costotransverse  Hgaments. 
The  neural  process,  which  is  situated  im- 
mediately behind  the  costal  process,  gives 
rise  to  the  articular  and  the  transverse 
processes.  Centers  of  ossification  appear  in 
the  body  of  each  vertebra,  and  following 
this,  a  center  appears  in  each  hall  ot  the 
vertebral  arch.  Ossification  of  the  arches 
begins  in  the  upper  cervical  region  about 
the  seventh  or  eighth  week  of  fetal  life, 
and  gradually  extends  down  the  column. 
The  centers  of  ossification  first  appear  in 
the  situations  where  the  transverse  proc- 
esses afterward  project,  and  spread  back- 
ward toward  the  spinous  processes. 

At  birth,  the  vertebra  is  in  three  pieces, 
the  body  and  the  two  halves  of  the  ver- 
tebral arch.  During  the  first  year,  the 
bodies  of  the  upper  cervicals  join  the  arches. 
In  the  lower  lumbar  region,  union  takes 
place  about  the  sixth  year.  The  ossification 
takes  place  very  slowly,  and  bone  replaces 
the  cartilage  fairly  late  in  life.  At  about  the 
age  of  puberty,  secondary  centers  of  ossifica- 
tion appear  in  each  of  the  cartilages  that 
cover  the  ends  of  the  vertebra.  Secondary 
centers  also  appear  in  the  cartilage  on  the 
tips  of  the  spinous  and  transverse  proc- 
esses, and  in  the  lumbar  vertebrae  one 
appears  also  on  the  tip  of  each  articular 
process.  The  secondary  centers  unite  with 
the  vertebrae  at  any  time  between  the 
sixteenth  and  twenty-fifth  years. 

Occasionally,  anomalous  development 
takes  place,  the  costal  process  of  the  lum- 
bar vertebra  developing  to  a  somewhat 
greater  degree  than  usual  and  becoming 
separated  from  the  vertebra.  It  fails  to  fuse 
with  the  trans\ersc  process  and  remains 
entirely  separate  as  a  lumbar  rib.  Occa- 
sionally, also,  the  secondary  epiphysis  on 
the  transverse  process  of  the  first  lumbar 
vertebra  fails  to  unite  with  the  transverse 


process,  and  produces  a  condition  which 
simulates  a  fracture. 

At  times,  difficulty  in  diagnosis  may  arise 
as  to  the  presence  or  absence  of  a  fracture 
when  there  has  been  an  injury  to  the  back. 
A  lumbar  rib  should  give  no  difficulty  in 
diagnosis,  provided  the  transverse  process 
on  the  opposite  side  is  shorter  than  the 
trans\erse  process  and  lumbar  rib  on  the 
suspicious  side.  The  other  evidences  ot 
fracture  of  the  bone  will  also  be  absent. 
Where  the  secondary  epiphysis  has  failed 
to  unite  with  the  transverse  process,  and 


Fig.  3.  Unilateral  lumbar  rib  simulating  fracture  of  the 
transverse  process. 

the  history  is  that  of  an  injury,  the  greatest 
difiiculty  will  arise.  Here  it  will  be  seen 
that  the  lateral  fragment  is  smooth,  well 
outlined,  shows  no  decalcification  and  has 
none  of  the  characteristics  of  a  fracture. 
Re-examination  of  this  transverse  process 
a  few  months  later  will  show  absolutely 
no  change  in  the  condition.  One  case 
observed  about  a  year  later  showed  the 
condition  to  be  exactly  the  same  as  during 
his  first  examination.  The  average  age  of 
the  patients  was  about  thirty  years. 

The  anomalous  development  already 
described  is  not  at  all  rare;  in  fact,  it  is 
cjuite  common.  It  has  been  found  to  occur 
in  about  5  to  10  per  cent  of  all  gastro- 
intestinal patients  examined  over  a  period 
of  about  six  months.  The  situation  of  the 
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transverse  process  of  the  first  lumbar 
vertebra  is  such  that  it  is  brought  out  on 
the  radiogram  with  difficulty,  and  it  is 
probable  that  faintness  on  the  film  is  the 
chief  cause  of  this  condition  being  over- 
looked so  frequently,  unless  there  has  been 
an  injury  to  the  back,  and  a  special 
search  is  made  for  a  fracture.  It  would  be 
interesting  to  know  how  frequently  this 
condition  would  be  diagnosed  as  fracture. 
Radiograms  of  fractures  of  the  trans\erse 
processes  show  a  tendency  to  separation 
of  the  fragments,  decalcification  of  the 
bone,  irregularity  of  the  adjacent  margins 
of  both  bones,  and  other  evidences  of 
attempt  at  either  absorption  or  union 
between  the  fragments. 


CONCLUSIONS 

1.  The  transverse  processes  of  the  lum- 
bar vertebrae,  especially  the  first  lum- 
bar, \'ery  frequently  show  anomalous 
development. 

2.  The  unilateral  lumbar  rib  is  easily 
differentiated  from  fracture,  unless  the 
rudimentary  rib  is  very  short.  Then  differ- 
entiation must  be  made  by  the  appearance 
of  the  bone,  the  situation  of  the  lesion,  and 
the  lack  of  injury  to  neighboring  parts. 

3.  Unilateral  or  bilateral  failure  of 
the  secondary  epiphysis  to  unite  with  the 
transverse  process,  while  probably  the 
least  frequent  of  the  two  conditions,  will, 
at  times,  also  be  difficult  to  differentiate 
if  found  after  injury. 
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Radium  Therapy.  By  Frank  Edward 
Simpson,  A.B.,  M.D.,  Professor  of  Der- 
matology, Chicago  Policlinic;  Adjunct 
Clinical  Professor  of  Dermatology,  North- 
western University  Medical  School;  Attend- 
ing Dermatologist  to  Mercy  Hospital, 
Alexian  Brothers  Hospital,  Henrotin 
Hospital,  etc.;  Former  President  American 
Radium  Society;  Former  Vice-Chairman, 
Section  of  Dermatology  and  Syphilology, 
American  Medical  Association;  Director 
ot  the  Frank  Edward  Simpson  Radium 
Institute.  Cloth.  Pages  388,  with  166 
original    engravings.    St.  Louis,  1922. 

This  most  timely  and  welcome  contribu- 
tion to  the  literature  of  radium  therapy 
is  worthy  of  a  place  on  the  shelf  not  only 
of  every  radiologist  but  of  every  physician 
and  surgeon.  Radiotherapy  has  developed 
to  the  point  where  it  should  enter  into  the 
practice  of  e\ery  medical  man,  no  matter 


what  his  specialty.  Whether  or  not  he 
actually  applies  the  radium  will  depend  on 
the  circumstances  and  the  effort  which  he 
has  made  to  fit  himself  especially  for  the 
work;  but  the  field  of  usefulness  of  this 
wonderful  salt  is  ramifying  into  nearly 
all  fields  of  medical  acti\ity  to  such  a 
degree  that  it  is  incumbent  upon  e^"ery 
physician  to  familiarize  himself  with  the 
general  principles  of  radiotherapy,  or  at 
least  to  have  upon  his  desk  a  book  of 
reference,  for  ready  use.  This  need  is 
admirably  met  by  the  work  under  re\iew. 
The  book  consists  of  twenty-one 
chapters  and  an  excellent  bibliography. 
E\ery  feature  ot  radium  work,  both 
technical  and  clinical,  is  included,  and 
the  author  has  written  his  book  in  such 
style  that  it  is  a  pleasure  to  read  it.  It 
easily  takes  first  place  in  publications  on 
radiotherapy  up-to-date. 

James  T.  Case. 


TREATMENT  OF  CARCINOMA  OF  ESOPHAGUS  BY  DEEP 

X-RAY  THERAPY* 


BY   A.    H.    PIRIE,   M.D. 


MONTREAL,  CANADA 


''I^HIS  paper  is  not  a  record  of  successes, 
-A-  but  rather  an  inquiry  into  failures. 
It  is  based  on  the  unsuccessful  treatment  of 
8  cases  of  carcinoma  of  the  esophagus 
during  the  past  year. 

Three  cases  were  treated  by  inserting  a 
tube  of  platinunr  containing  lo  mg.  of 
radium  into  the  center  of  the  growth  for 
thirty-six  hrs.,  i.e.,  (360  mg.  hrs.,)  and 
applying  erythema  .\-ray  doses  around  the 
growth  with  100  kv.  and  aluminum  filter 
of  3  mm.  This  treatment  failed  in  3  cases, 
and  all  the  patients  are  dead.  Three  other 
cases  did  not  return  for  treatment  and  2 
cases  have  been  treated  with  .v-rays  from 
200  kv.  and  one  is  still  ali\e. 

Carcinoma  of  the  esophagus  has,  up  to 
the  present,  been  a  lingering  form  of  death. 
No  treatment  has  done  anything  to  cure  it. 
The  surgeon  prolongs  the  patient's  miser- 
able existence  by  making  a  gastrostomy 
and  feeding  him  through  the  artificial 
opening.  I  believe  there  are  a  few  suc- 
cessful cases  on  record  of  an  artificial 
tube  of  skin  ha\'ing  been  made,  short- 
circuiting  the  carcinoma  and  so  keeping 
the  patient  alive  for  a  year.  These  measures 
do  not  cure  the  carcinoma,  and  the  only 
possible  hope  of  cure  is  held  out  by  the 
use  of  radium  and  deep  x-ray  therapy. 

I  made  use  of  radium  in  3  cases  men- 
tioned by  placing  a  tube  of  radium  in  a 
small  catheter  and  leaving  it  in  position  in 
the  center  of  the  carcinoma.  The  radium  is 
in  a  platinum  tube  which  can  be  seen 
with  .\-rays,  and  thus  its  position  in  the 
middle  of  the  growth  can  be  easily  deter- 
mined. The  cases  in  which  I  have  done 
this  have  swallowed  better  after  the 
treatment  than  before,  but  e\entually  all 
died.  The  impro\ement  in  swallowing  I 
have  ascribed  to  mechanical  dilatation 
rather  than  to  the  effect  of  the  radium. 

Since  deep  therapy  came  in  I  have 
attempted  to  influence  the  growth  by  means 
of  x-rays  produced  by  200  kv.  The  first 
case  was  one  of  carcinoma  of  the  esophagus 
involving   the   larynx.   Three   and   a    half 
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erythema   doses   were  gi\'en   by   cross-fire 
to  the  neck  over  the  carcinoma. 

Two  weeks  after  the  treatment  the 
patient  could  swallow  meat.  After  a 
month,  however,  she  had  difficulty  again 
in  swallowing. 

One  month  after  her  first  treatment  the 
skin  of  the  neck  over  the  region  of  the 
growth  was  red  and  peeling  in  front  on 
the  right  side  and  behind.  On  the  left  side 
half  an  erythema  dose  had  been  gixen  and 
the  skin  was  not  affected.  The  hair  fell  out 
at  the  lower  part  of  the  scalp  behind.  This 
patient  had  received  3I2  erythema  doses 
by  cross-fire.  She  had  a  small  neck  and  I 
calculated  that  240  per  cent  of  an  erythema 
dose  had  been  gi\en  to  the  growth.  Two 
months  after  the  first  treatment,  the 
patient  did  not  appear  to  be  impro\ed. 
She  was  very  weak  and  could  swallow 
liquids  only.  E\'ery  time  she  swallowed,  a 
little  liquid  went  into  the  larynx  and  caused 
her  great  distress.  By  bending  forward  she 
could  swallow  a  litt'e  better  than  in  any 
other  position. 

Treatment  was  begun  four  months  ago, 
when  she  had  reached  the  stage  at  which 
liquids  would  not  pass  down  the  esophagus. 
When  a  patient  reaches  this  stage  he 
usually  will  not  live  longer  than  three 
weeks.  This  case,  however,  recovered  so 
far  that  she  was  able  to  swallow  meat 
two  weeks  after  the  first  treatment. 
Today  the  condition  of  the  patient  is 
bad.  She  swallows,  but  is  in  a  very  low 
condition  and  is  likely  to  die  soon. 

This  case  was  particularly  suited  for 
deep  therapy.  The  diagnosis  was  made 
by  an  experienced  laryngologist.  The 
growth  was  in  an  ideal  position  for 
cross-fire.  The  neck  was  small  and  fairly 
long.  Three  and  a  half  erythema  doses 
were  given.  Erythema  and  peeling  fol- 
lowed on  three  areas  and  hair  fell  out. 
Therefore  it  was  plain  that  the  patient 
had  received  the  dose.  The  rays  were 
filtered  through  '-^4^  mm.  of  copper  on  each 
occasion  and  the  skin  focus  distance  was 
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16  in.  The  kilovoltage  was  200  to  210  and 
5  ma.  Time  one  hour  for  erythema  dose. 
The  half  erythema  dose  was  given  to  the 
left  side  of  the  neck  with  a  lower  voltage 
and  its  effect  is  not  likely  to  be  great  in 
comparison  with  the  doses  given  with  200 
k\'.  The  treatment  was  repeated  six  weeks 
after  the  first  treatment.  Two  months 
after  the  first  treatment  the  patient  could 
swallow  liquids,  but  was  much  distressed 
while  doing  so  because  of  the  liquid  enter- 
ing the  larynx.  I  tried  to  get  her  to  allow 
a  tube  to  be  passed  so  as  to  prevent  liquid 
from  entering  the  larynx,  but  she  pre- 
ferred to  die  rather  than  have  that. 
The  failure  in  this  case  was  due  to  ulcera- 
tion into  the  larynx,  and  a  tube  for  the 
passage  of  food  would  ha\e  been  the  only 
remedy. 

The  rays  may  ha\e  influenced  the 
growth,  but  the  result  has  been  a  failure. 
I  would  not  have  repeated  the  dose  if 
the  patient  had  been  doing  well,  but 
she  was  not  doing  well  six  weeks  after  the 
first  treatment.  The  ulceration  into  the 
larynx  may  have  been  the  cause  of  death. 

My  calculation  of  the  doses  she  received 
is  240  per  cent  erythema  dose  on  the  first 
occasion  and  the  same  on  the  second  occa- 
sion. The  skin  of  the  neck  became  very 
brown,  but  there  was  no  vesication. 

It  may  be  the  carcinoma  recei\"ed  an 
oxerdose,  yet  a  rodent  ulcer  heals  well 
after  giving  three  erythema  doses,  so 
why  not  give  as  much  to  carcinoma? 
My  failure,  however,  does  not  discourage 
me.  I  have  faith  in  the  treatment  and  shall 
advocate  it,  until  I  either  make  a  success 
of  it  or  find  out  the  cause  of  its  failure. 

I  advocate  it  because  it  is  the  only  case 
of  early  carcinoma  that  I  get  to  treat  and 
feel  justified  in  treating.  Any  other  early 
carcinoma  should  be  removed  by  surgery, 
but  in  carcinoma  of  the  esophagus  the 
surgeon  is  helpless,  except  to  do  a 
gastrostomy. 

Dr.  Reginald  Morton  of  London  reports 
a  case  of  carcinoma  of  esophagus  treated 
by  deep  therapy  alixc  oxer  a  year  after  the 
treatment.  One  successful  case  is  sufficient 
to  warrant  every  case  of  carcinoma  of  the 
esophagus   reccixing  the  same  treatment. 

With  a  machine  that  delixers  200  k\-., 
using    5  ma.  and  .''4  mm.  of  copper  at  a 


distance  of  1 6  in.,  Ilind  I  get  a  mild  erythema 
in  one  hour  and  an  intense  erythema  in  an 
hour  and  a  half.  In  opposition  to  every  one 
else,  I  use  a  pastille  to  measure  my  dose. 
I  use  a  Corbett's  tintometer  and  lay  a 
pastille  on  the  skin.  At  the  end  of  an  hour's 
treatment  the  pastille  has  colored  to  the 
half  tint  of  the  tintometer.  This  is  a  mild 
erythema  dose.  I  admit  up  to  20  per  cent 
error  in  dose  by  this  measurement,  but  one 
must  also  admit  25  per  cent  difference  of 
reaction  with  different  patients.  If  there- 
fore I  give  20  per  cent  overdose  to  a  25 
per  cent  over-sensitive  patient,  I  shall 
have  given  an  erythema  dose  and  a  half. 
This  will  not  be  serious  and  will  not 
cause  much  discomfort.  The  pastille  inte- 
grates the  dose  where  it  is  given,  in  a  way 
that  no  other  instrument  does.  I  haxe  used 
the  pastille  to  measure  over  1,000  doses 
during  the  last  year,  and  I  ha\"e  not  yet 
found  it  t(i  fail,  either  for  epilation  of 
ringworm  or  for  deep  therapy.  In  every 
case  I  lay  the  pastille  on  the  skin  at  right 
angles  to  the  incident  ray.  Armed  with  a 
pastille  and  a  Corbett's  tintometer  I 
would  not  hesitate  to  go  to  a  strange  deep 
therapy  machine  and  deliver  an  erythema 
dose  without  any  prexious  practice. 
Although  I  am  assured  by  the  makers 
of  my  deep  therapy  outfit  that  there  is  a 
stabilizer  supplied,  I  find  that  my  milli- 
amperemeter  will  not  stay  at  5  ma.  for 
an  hour.  The  change  noted  is  from  4  to 
6  ma.  The  pastille  looks  after  this  xaria- 
tion  and  integrates  it. 

Another  advantage  of  the  pastille  is  that 
I  can  superxise  the  work  of  treatment  by 
its  means.  I  haxe  three  treatment  machines, 
and  at  the  end  of  the  day  my  assistants 
xvho  have  done  the  treatment  lay  on  my 
desk  each  patient's  index  card  of  treatment 
xvith  the  pastille  attached.  My  assistants 
estimate  the  dose  from  the  pastille  and 
note  it  on  the  card  and  I  examine  each 
pastille  and  confirm  the  dose. 

My  xoltage  is  measured  by  balls  of  12.5 
cm.  diameter  and  it  is  interesting  to  note 
that  the  E.  S.  G.  betxxeen  blunt  points 
xaries  according  to  this  chart.  In  summer 
the  humidity  of  the  air  is  higher,  and  in 
winter  it  is  loxver,  as  the  air  is  very  dry. 

Before  closing,  and  xxishing  to  encourage 
others  to  use  deep  therapy  for  treatment 
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of  carcinoma  of  esophagus,  I  present  to 
you  a  table  showmg  the  dose  dehxered  to 
the  esophagus  at  the  level  of  the  7th  cervi- 
cal, 4th  dorsal  and  nth  dorsal  vertebrae, 
using  200  kv.,  j  ma..  16  in.  S.E.  distance, 
surface  square  of  6  in.  side,  -^4  Cu.  filter 
calculated  from  Dr.  Mutcheller's  tables  and 
Symington's    cross    section    anatomy. 

AT  LEVEL  OF  7TH  CERVICAL  VERTEBRAE 

Depth, 
Position        cm.  Percentage  Dose 

Front 3^2         75-90 

Side 5  71.13  X  2  =   142.26.  Total  278.95 

Back 7^2        60.78 

AT  LEVEL  OF  THE  4TH  DORSAL 

Depth, 
Position        cm.  Percentage  Dose 

Front 6  69.73 

Each  side   .     10  51.5S  X2  =   103.16. Total   254.16 

Back 7I-2        60.78 

AT    LEVEL    OF    THE     IITH    DORSAL 

Depth, 
Position        cm.  Percentage  Dose 

Front 8  60.78 

Each  side. .    10  51.58  X  2  =  103.16.  Total  220.10 

Back 9  56.16 

I  therefore  cannot  claim  any  success  in 
treatment  of  carcinoma  of  the  esophagus 
by  deep  therapy,  yet  I  believe  this  treat- 
ment  will    be    successful    and    I    strongly 


ad\'0cate  its  use.  I  urge  it  because  of  the 
results  I  have  had  from  treatment  of 
carcinoma  deeply  seated  elsewhere.  My 
experience  of  carcinoma  of  uterus  and 
adnexa  treated  with  deep  therapy  con- 
firms the  findings  of  others.  It  has  amazed 
me  as  well  as  my  confreres. 

I  am  indebted  to  Dr.  Brooks  for  making 
the  calculations  for  the  tables,  and  for  the 
diagrams. 

DISCUSSION 

Dr.  Lewald.  There  is  one  case  alive  ten 
years  after  a  surgical  cure,  in  which  the  esoph- 
agus was  actually  resected.  I  have  seen  the 
specimen  and  have  seen  the  microscopical 
slides.  It  is  an  adenocarcinoma  of  the  esophagus 
and  it  is  true  that  that  case  is  surgically  cured. 
The  esophagus  was  resected  as  far  as  about  the 
second  thoracic  space  and  then  a  tube  inserted 
into  that.  The  patient  masticates  tiie  food 
and  it  passes  into  the  tube  and  goes  into  the 
stomach  through  a  gastrostomy.  An  attempt 
to  reconstruct  the  rest  of  the  esophagus  has 
been  advised,  but  the  patient  has  been  so 
comfortable  that  she  refused  to  have  it  done. 

About  the  spark-gap  reading:  We  also  noticed 
that  the  sphere  gap  is  decidedly  off  in  exceed- 
ingly high  humidity.  At  90  per  cent  humidity 
the  sphere  gap  is  far  from  correct. 
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TNVESTIGATION  of  the  surgical  litera- 
JL  ture  reveals  little  recognition  of  carci- 
noma of  the  floor  of  the  mouth  as  a  distinct 
clinical  entity.  British  and  American  writers 
have  usually  grouped  it  with  intraoral 
lesions  in  general,  and  as  such  it  has 
received  no  special  attention.  The  French 
have,  for  the  past  fifty  years,  devoted 
considerable  attention  to  it  as  a  distinct 
surgical  problem.  Verneuil's'  paper  on 
"Epithelioma  des  glandes  sublingual"  in 
187 1  is  the  first  publication  on  the  subject, 
and  as  the  title  indicates,  he  considered  it 
primary  in  the  sublingual  salixary  glands. 
Margnat,-  in  his  Paris  thesis  of  18 — , 
elaborated  on  Verneuil's  work  and  in  1886 
Eeuilletard'*    made    Richet's    method    of 

•  Read  at  the  Midwinter  Meeting  of  the  Eastern  Section  of  The 
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operation  the  subject  of  his  thesis.  In 
1902  de  Robillard"'  wrote  a  thesis  on  the 
operative  procedure  first  outlined  by  Faure 
in  1 89-.  Since  I90-",  Morestin'  has  made 
several  reports  on  the  operative  procedures 
of  choice,  and,  from  a  surgical  standpoint, 
has  undoubtedly  given  more  attention  to 
the  subject  than  other  contributors. 

Unfortunately,  little  has  been  written 
about  the  clinical  characteristics  of  the 
disease.  It  is  with  the  hope  of  adding 
something  to  this  phase  of  the  subject  and 
correlating  it  with  treatment  that  this 
paper  is  presented. 

Carcinoma  of  the  floor  of  the  _  mouth 
presents  a  clinical  picture  so  definite  that 
it  can  readily  be  recognized,  even  in  late 

American  Roentgen  R.iy  Society,  An  \-  ■:    ''"v,  N.  J.,  Jan. 
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stages  of  the  disease  after  extension  to  adja- 
cent parts  has  taken  phice.  The  lesion  begins 
almost  invariably  in  the  mucosa  of  the 
anterior  half  of  the  floor  of  the  mouth  and 
usually  just  at  the  side  of  the  frenum 
of  the  tongue.  The  rate  of  growth  is 
rapid.  Potentially  malignant  growths  of 
long  duration,  such  as  are  not  infrequent 
on  the  tongue,  are  practically  never  met 
with  in  the  floor  of  the  mouth.  In  our 
experience,  all  the  cases  have  been  of 
the  squamous-cell  type.  While  the  papil- 
lary form  of  squamous  carcinoma  occurs 
here,  it  represents  only  a  small  minority: 
the  infiltrating  type  is  the  rule.  The  dis- 
ease establishes  itself  early  and  deeply 
in  the  musculature  of  the  floor  of  the 
mouth,  and,  since  the  anatomical  arrange- 
ment facilitates  extension,  the  depth  of 
infiltration  is  relatively  greater  than  in 
any  other  group  of  intraoral  carcinomas. 
This  feature  has  added  uncertainty  to  the 
surgical  procedures  and  is  equally  baffling 
in  determining  the  depth  to  which  radium 
should  be  inserted.  Upon  more  than  one 
occasion  I  have  thought  I  was  dealing  with 
a  deep,  fixed,  submaxillary  lymph-node, 
only  to  find  at  operation  the  deeply  infil- 
trating base  of  the  primary  growth  repre- 
senting what  I  had  thought  to  be  the  node. 
In  those  growths  beginning  at  the  side  of 
the  frenum  of  the  tongue,  extension  to 
the  opposite  side  is  rapid.  This  creates 
essentially  a  "double"  lesion.  It  necessi- 
tates a  more  complicated  course  in  treat- 
ment of  the  primary  growth.  It  makes  a 
wider  lymphatic  dissemination  possible, 
and  if  ligation  of  vessels  is  necessary,  it 
must  be  done  on  both  sides  rather  than  one. 
A  peculiar  characteristic  of  the  disease 
IS  the  infiltration  of  the  tongue  from 
below  upward.  This  is  not  necessarily 
accompanied  by  extensive  ulceration  of 
the  mucosa  of  the  tongue  until  late  in  the 
course  of  the  disease.  Hence,  only  palpation 
will  reveal  it.  This  tendency  to  upward 
extension  into  the  tongue  is  even  more 
marked  than  thai  of  infiltration  downward 
along  the  muscular  planes  of  the  iloor  of 
the  mouth.  Possibly  the  rich  blood  supply 
and  freedom  of  motion  of  the  tongue 
are  contributory  factors.  1  ha\e  seen  a 
growth  of  this  t\pe  show  nt)  clinical  e\  i- 
dcnce  of  backward  and  downward  extension 


posterior  to  the  molars  until  ulceration 
appeared  at  the  base  of  the  tongue  at  the 
side  of  the  epiglottis. 

These  growths  usually  arise  in  the 
mucosa  at  the  inner  or  lingual  side  of  the 
fioor  of  the  mouth,  and  this  probably 
accounts  for  the  early  medial  rather  than 
lateral  extension.  They  do,  however,  extend 
laterally  both  by  direct  extension  in 
the  mucosa  and  by  infiltration  along  the 
muscles  attached  to  the  lower  half  of  the 
inner  surface  of  the  mandible.  \\  hen  this 
is  complete,  the  floor  of  the  mouth  is 
solid  and  invasion  of  the  jaw  along  the  line 
of  muscular  attachment  is  frequent. 

While  I  am  opposed  to  surgical  remo\aI 
of  any  intraoral  carcinoma,  I  ha\e  never- 
theless tried  to  maintain  for  statistical 
purposes  a  fair  classification  of  surgical 
operability.  In  our  series  of  over  100  cases, 
I  ha\e  not  seen  more  than  a  half  dozen 
that  could  be  considered  operable  from  a 
surgical  standpoint. 

Extension  to  the  lymph-nodes  is  fre- 
cjuent  and  early.  The  submaxillary  nodes 
on  the  side  of  the  primary  growth  are  most 
frequently  invoked.  If  the  growth  has 
extended  beyond  the  midline,  the  danger 
of  lymphatic  dissemination  is  of  course 
much  greater.  Next  to  the  submaxillary 
group,  the  jugular  node  of  the  upper  deep 
cervical  chain  overlying  the  carotid  bulb 
is  most  frequently  in\olved. 

The  possible  contributory  causes  of 
carcinoma  of  the  floor  of  the  mouth  are 
interesting.  Since  the  lesion  almost  inva- 
riably occurs  in  the  anterior  half  of  the 
floor  of  the  mouth,  the  heat  from  smoking 
must  be  considered.  This  leature  is 
strengthened  by  the  fact  that  the  disease 
occurs  very  rarely  in  women.  Leucoplakia 
bears  the  same  relation  here  as  elsewhere — 
that  of  a  chronic  irritant.  It  is,  however, 
relatively  infrequent  in  the  floor  of  the 
mouth.  On  the  other  hand,  it  is  in  this  loca- 
tion somewhat  macerated  from  constant 
bathing  b\  mouth  secretions  and  probably 
more  dangerous.  The  constant  motion  of 
the  structures  forming  the  floor  of  the 
mouth  undoubtedly  aids  in  irritating  and 
disseminating  the  disease,  once  it  is  estab- 
lished. The  constant  bathing  by  oral  secre- 
tions and  food  debris  is  a  source  of  nritation 
where    ordinary    cleansing    is    neglected. 
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Bad  teeth  are  a  factor  only  indirectly  by 
contributing  to  the  general  uncleanlniess 
of  the  mouth.  Ill-fitting  lower  dental 
plates,  on  the  other  hand,  are  a  real  source 
of  direct  irritation. 

The  treatment  of  this  disease  has  until 
recently  been  largely  surgical.  Escharotic 
pastes  are  not  well  adapted  to  use  on  moist 
surfaces.  The  various  heat  methods  have 
been  used  considerably,  but  from  a  theo- 


In  1909  Butlin'^  reported  9  cases  occurring 
in  his  own  practice  ancT  concluded  that 
carcinoma  of  the  floor  of  the  mouth  was 
not  as  dangerous  to  life  as  was  generally 
supposed.  He  did  not  ad\ocate  any  stand- 
ard procedure,  but  applied  the  same  excel- 
lent principles  which  prexailed  throughout 
all  his  intraoral  work.  Of  the  9  cases,  4  died 
of  local  recurrence,  i  of  recurrence  in  the 
cer\ical  nodes,   and  4  were  successful.  Of 
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Fig.  I.  Diagrammatic  representation  of  varying  intensi- 
ties of  radium  and  v-ray  doses.  Note  the  marked 
superiority  of  buried  emanation  over  all  external 
applications. 

retical  Mewpoint,  at  least,  are  incorrect 
in  principle.  Except  in  rare  instances,  it  is 
impossible  to  get  around  the  growth  with  a 
cautery,  while  placing  of  the  heating  agent 
centrally  does  not  insure  complete  destruc- 
tion within  the  limits  of  safety.  Heat 
paralyzes  the  vessels  at  the  periphery  of  its 
field  of  activity  and  hence  tends  to  increase 
dissemination  of  the  disease  if  any  periph- 
eral focus  remains.  The  isolated  reports 
of  single  or  small  groups  of  cases  are  not 
sufficient  to  warrant  any  practical  con- 
clusions. For  the  most  part  the  same  is 
true  of  reported  results  of  surgical  removal. 


Fig.  2.  Same  as  Figure  i,  but  showing  relative  values 
for  a  larger  tumor. 

these,  2,  with  mo\able  lesions  at  the 
frenum  of  the  tongue,  had  the  cer\ical 
nodes  removed  shortly  after  removal  of  the 
primary  growths  and  were  well  three  years 
later,  at  the  time  of  his  report.  One  case 
was  well  ten  years  after  without  remoxal  of 
nodes,  and  the  other,  twenty-two  years 
after,  without  removal  of  nodes.  It  is 
obviously  unfair  to  draw  conclusions  from 
such  a  small  group,  but  it  is  interesting  to 
note  that  his  best  results  were  in  the  two 
early  cases  without  interference  with  the 
cervical  lymphatics. 

In  the  strictly  surgical  field,  Morestin's 
work  is  the  most  extensive.  He  has  advo- 
cated a  standard  procedure  which  he  has 
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A'aried  and  amplified  from  time  to  time, 
always,  however,  maintaining  the  same 
principle — that  of  going  as  far  from  the 
disease  and  as  near  to  the  sparl:  of  life  as 
possible.  Briefly,  his  procedure  was  to 
split  the  lower  lip,  remove  the  upper  half 
of  the  mandible  on  both  sides  as  far  back 
as  the  first  molars,  the  mucosa  and 
musculature  of  the  floor  of  the  mouth  wide 
of  the  disease,  a  portion  of  the  tongue  and 
the  cervical  lymphatics.  This  left  a  good 
deal  of  healmg  to  take  place  by  granu- 
lation, but  he  counted  on  the  remaining 
bridge  of  mandible  to  maintain  the 
symmetry  of  the  face  and  reconstructed 
mouth  as  far  as  possible.  Later  he 
divided  his  operation  into  two  or  three 
stages,  removing  the  lymphatics  first  in 
one   or    two  stages  and   finally   removing 


Fig.  3.  Cervical  node  treated  by  maximum  dosage  of 
external  radiation  and  removed  one  montli  later. 
Active  tumor  cells  still  present. 

the  primary  growth.  While  Morestin 
undoubtedly  devoted  a  great  deal  of 
attention  to  this  type  of  disease,  he  had 
but  few  cases  to  report.  In  his  1912  report 
he  stated  that  to  date  he  had  teen  only  1 1 
cases  in  which  his  procedure  was  applicable. 
Of  these,  3  ne\er  came  to  final  operation, 
as  they  refused  more  than  the  ccr\ical 
ablation  or  had  untortunate  results  after 
the  preliminary  work.  Of  the  remaining  8, 
I  ciied  of  bronchopneumonia  following 
operation,    2    were    lost    track    ol,    1,    free 


from  cancer,  died  of  pulmonary  disease. 
Of  the  4  cases  followed,  i  had  a  recurrence 
after  two  years,  i  was  well  over  four  years, 
I ,  nearly  four  years  and  i ,  fourteen  months. 

In  our  own  work  we  are  opposed  to  sur- 
gical removal  of  the  primary  growth  in 
this   group   of  cases,  for  various  reasons. 

In  the  first  place,  only  a  small  percentage 
of     cases     are,     when     they     apply     for 


Fig.  4.  Cervical  node  treated  by  buried  radium  emana- 
tion tubes  and  removed  three  weeks  later.  Complete 
destruction  of  tumor  tissue. 

treatment,  amenable  to  a  procedure  even  as 
extensive  as  Morestin's.  Of  these,  only  a  part 
are  able  physically  to  stand  the  operation, 
e\en  then  running  the  risk  of  a  high 
operati\'e  mortality.  This  leaves  the  great 
bulk  of  the  cases  on  our  hands  in  the  very 
beginning.  The  mutilation  of  the  operation 
itself,  granting  a  fa\orablc  outcome,  is 
enough  to  make  both  patient  and  surgeon 
shrink  from  it. 

Aside  from  these  practical  factors,  there 
arc  tlu'oiclical  considerations.  The  trauma 
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incident  to  surgical  removal  in  this  location 
may  \ery  well  disseminate  more  trouble 
than  the  knife  removes.  Any  effort  at 
local  removal  of  a  nonencapsulated  growth, 
at  least,  only  serves  to  destroy  the  defen- 
sive agents  of  the  body — lymphocytes  and 
plasma  cells  which  are  thrown  out  as  a 
barrier  round  about  the  periphery  of  the 
growth.  It  has  also  been  shown  that  loss  of 
blood  facilitates  more  rapid  growth  in  any 
remaining  focus  of  disease. 


radium.  We  now  feel,  after  over  six  years' 
experience,  that  this  course  has  been  amply 
justified. 

In  advocating  the  use  of  physical  agents 
for  the  treatment  of  carcinoma  of  the 
floor  of  the  mouth,  mention  must  be  made 
of  .\"-rays  as  well  as  radium  for  their 
share  in  the  work.  In  fact,  I  have  been 
prompted  to  make  this  report  at  present 
for  the  purpose  of  calling  attention  to 
the   lack  of  correlation  of  the  two  agents 


Fig.  5.  Cervical  node  treated  by  buried  radium  emana-       Fig.    6.    Higher    magnification    ot    portion    of    capsule 
tion    and     removed     one     month     later.     Complete  shown   in   Figure  5.   Note  the   marked  lymphocytic 

destruction  of  tumor  tissue.  infiltration. 


When  we  began  using  radium  in  intra- 
oral cancer  several  years  ago,  favorable 
effects  on  tumor  tissue  were  noted.  When, 
in  1916,  we  began  burying  radium  emana- 
tion in  tumor  tissue  these  favorable  effects 
became  much  more  marked.  Palliative 
results  not  previously  seen  were  obtained, 
and  with  improvement  in  techmcjue  of 
radium  application  went  improvement  in 
results.  It  was  only  reasonable  to  suppose 
that  a  method  which  would  produce  these 
changes  in  advanced  cases  \\ould  give 
much  better  results  in  earlier  cases.  Conse- 
quently we  withdrew  surgery  from  the 
primary     intraoral     lesions     in     fa\or    of 


in  some  quarters.  In  dealing  with  this 
disease,  these  two  agents  form  an  excellent 
combination,  and  while  I  have  seen 
complete  regression  of  the  disease  from 
radium  alone,  I  cannot  say  the  same  of 
.v-rays.  While  I  believe  that  .x-rays  are 
quite  equal  to  radium  for  the  external 
application,  I  must  also  say  that  I  have 
never  seen  complete  regression  of  a  primary 
carcinoma  of  the  floor  of  the  mouth,  by 
external  application  alone,  of  either  agent. 
Neither  have  I  seen  what  I  would  con- 
sider an  authentic  report  of  such  a  case. 
The  fibrosis  produced  by  repeated  doses, 
while    tending   to    inhibit    the   growth   of 
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tumor  cells,  also  protects  those  survi\inii; 
from  subsequent  applications  of  external 
radiation.  There  is  a  popular  impression 
at  present  that  the  only  requisite  for 
complete  regression  of  this  type  of  disease 
IS  the  uniform  delivery  throughout  the 
tumor  of  a  so-called  "cancer  dose." 
My  own  experience  has  been  that  it 
takes  several  times  this  amount  of  radia- 
tion to  cause  a  clinical  cure  of  epidermoid 
carcinoma. 
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Fig.  7.  C~crvic.'il  node  treated  %vitli  buried  radium 
emanation  and  removed  two  months  later.  Note 
fibrosi.s  and  lyiii]>liocytic  infiltration. 

In  common  with  all  intraoral  car- 
cinomas, the  treatment  of  those  arising 
in  the  floor  of  the  mouth  should  be  con- 
sidered In  two  parts:  First,  treatment  of 
the  primary  lesion;  second,  treatment  of 
the  cervical  nodes. 

In  treating  the  primary  growth  we 
employ  unliltered  tubes  of  radium  ema- 
nation buried  uniformly  throughout  the 
in\()l\ed  area,  being  especially  careful  to 
place  them  well  to  the  limits  of  the  pal- 
pable infiltration.  A  description  of  these 
unliltered  radium  emanation  tubes,  their 
method  of  distribution,  method  of  esti- 
mating   dosage  and   acKantages  o\er   in- 


terstitial use  of  needles  containing  radium 
clement,  can  be  found  in  previous  publica- 
tions." These  tubes  should  be  placed 
so  that  there  is,  as  nearly  as  possible, 
one  tube  per  cubic  centimeter  of  tumor 
tissue.  This  of  course  varies  with  the 
size  and  shape  of  the  neoplasm.  The 
preferable  strength  per  tube  is  approxi- 
mately one  millicurie.  Weaker  tubes  do 
not  afford  suOicient  gamma  radiation 
unless  a  larger  number  are  used,  and  this 
produces  too  much  trauma.  Stronger  tubes 
cause  an  excessive  amount  of  necrosis. 
A  study  of  the  diagrammatic  drawings 
in  Figures  i  and  2  will  show  the  relati\e 
values  of  the  different  forms  of  external 
radiation  ordinarily  employed,  and  their 
comparative  relation  to  a  safe  dose  of 
buried  emanation.  This  estimate  of  buried 
emanation  considers  only  gamma  radiation 
and  takes  no  note  of  the  beta  ray  effect, 
probably  one  of  the  most  important 
factors  in  interstitial  radiation.  It  is 
also  a  very  conservative  calculation  be- 
cause the  number  of  point  sources  is  lower 
than  that  used  in  actual  practice.  It 
will  be  seen  from  these  diagrams  that  the 
gamma  ray  effect  alone  from  the  dose  of 
buried  emanation  is  three  to  four  times 
as  great  as  the  strongest  cross-fire  of 
heavily  filtered  radium  at  10  cm.  and 
15  cm.  distance  or  high  voltage  x-rays 
at  50  cm.  and  "^o  cm.  distance.  These  two 
latter  are  approximately  the  same  in 
their  efficiency.  Smaller  doses  of  heaxily 
filtered  radium  at  closer  range  are  inferior 
to  both.  The  tubes  have  not,  in  our 
experience,  caused  trouble  as  foreign 
bodies.  There  are,  however,  some  dis- 
ad\antages  from  their  use  in  this  location. 
Bathed  as  it  is  by  mouth  secretions  in 
the  most  dependent  portion  of  the  oral 
ca\"ity,  infection  is  alwa\s  present  and 
the  chronic  inflammation  adds  to  a  radium 
inflammation  which  in  itself  is  quite 
painful.  As  a  result  of  this,  the  slough 
may  be  more  extensi\e  than  with  corre- 
sponding lesions  in  other  locations.  \\  here- 
e\  er  the  slough  tends  to  be  deep  the 
external  carotid  arter\  on  the  inxoKed 
side,  or  on  both  sides  if  the  lesion  extends 
beyond  the  midline,  should  be  ligated 
just  abo\e  the  superior  th\roid  branch. 
To    reduce    the    anastomotic    circulation 
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to  a  minimum  the  lingual  and  facial 
arteries  should  be  tied  separately.  This 
procedure  can  be  readily  done  under 
local  anesthesia,  and  produces  no  undesir- 
able after-effects.  \\'henever  the  neck 
is  opened  for  this  purpose,  radium  ema- 
nation should  be  buried  in  the  lymphatic 
tissue  at  the  upper  and  lower  angles  of 
the  wound  as  well  as  about  the  posterior 
portion  of  the  submaxillary  lymphatics. 
In  burying  emanation  in  the  floor  of 
the  mouth,  it  is  practically  always  neces- 


b\  embolism.  The  distribution  of  involved 
lymph-nodes  and  frequent  single  involve- 
ment of  nodes  secondary  to  intraoral 
carcinoma  strongly  support  this  view. 
Many  of  the  patients  applying  for  treat- 
ment are  physically  unable  to  undergo 
an  extensive  routine  bilateral  block  dis- 
section. In  view  of  these  considerations, 
we  do  not  do  a  routine  block  dissection 
on  each  case  as  it  comes  to  us.  Instead, 
we  treat  each  neck  as  a  routine,  with 
.\'-rays,    for    two    reasons:  First,    to    aid 


Fig.  8.  Third  stage  of  neck  dissection.  Note  points  ol 
ligation  of  vessels. 

sary  to  place  tubes  near  the  mandible, 
and  this  frequently  results  in  devitalizing 
a  piece  of  the  adjacent  bone.  The  separa- 
tion of  this  sequestrum  Is  slow  and  often 
painful,  but  to  date  we  have  found  no 
way  of  avoiding  it  or  of  facilitating  its 
removal. 

In  the  treatment  of  the  cervical  lymphat- 
ics we  favor  a  conser\ati\e  procedure. 
Our  views  on  this  subject  are  stated  in 
greater  detail  elsewhere,  but  may  be 
briefly  reviewed  as  follows: 

We  believe  that  the  cer\ical  lymph- 
nodes  perform  a  conser\atne  function 
in  controlling  and  limiting  dissemination 
of  the  disease,  at  least  in  the  earlier 
part  of  Its  course.  We  also  believe  that 
metastatic    extension    of    the    disease    Is 


Fig.  9.  Fourth  stage  of  neck  dissection.  Note  method 
of  inserting  unfiltered  radium  emanation  tubes  into 
base  of  surgical  field. 


the  lymph-nodes  both  directly  and  in- 
directly in  the  destruction  of  tumor  cells 
and  stimulation  of  the  protective  defenses 
of  the  body  cells,  thus  combating  secondary 
extension  of  the  disease,  and  to  produce 
at  least  a  partial  obliteration  of  lymph 
channels;  second,  to  supplement  the  treat- 
ment already  given  to  the  primary  growth. 
If  at  this  time  the  neck  is  free  from  palpable 
involvement  we  do  nothing  more  than 
use  .v-radlatlon  or  heavily  filtered  radium 
externally  and  keep  the  case  under  observa- 
tion. If  an  Invaded  node  is  present,  or 
appears  under  observation,  we  do  a 
unilateral  block  dissection  under  local 
anesthesia  and  bury  radium  emanation 
at    all    suspicious    points    in    the    wound. 
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If  a  node  or  group  of  nodes  in  which 
the  disease  has  already  perforated  the 
capsule  of  the  node,  is  present,  we 
expose  the  nodes,  bury  radium  emanation 
uniformly  throughout  them  and  close 
the  wound.  The  latter  group  is  pro\ing 
to  be  a  very  interesting  study,  and  while 
there  is  not  sufficient  data  at  present 
to  report  on  it,  I  believe  it  justifies  the 
hope  that  we  may  ultimately  replace 
all  cervical  lymphatic  removal  by  inter- 
stitial radiation.  Whenever  the  neck  is 
exposed  surgically,  either  for  dissection 
or  implantation  of  emanation  tubes,  ad- 
vantage should  be  taken  of  the  exposure 
to  ligate  the  Aessels  if  the  primary  lesion 
is  not  entirely  healed.  The  same  exposure 
often  offers  an  added  chance  to  bury 
emanation  through  the  submaxillary 
space  into  the  base  of  the  primary  growth. 
Emanation  tubes  may  often  be  buried 
directly  from  without  through  the 
submaxillary  region  to  the  base  of  a 
deeply  infiltrating  primary  growth,  but 
not  as  accurately  as  with  surgical  exposure. 
Similarly  in  advanced  cases  with  bulky 
cervical  nodes  where  only  very  temporary 
palliation  can  be  hoped  for,  the  tubes  may 
be  buried  directly  through  the  skin. 
For  accuracy,  however,  surgical  exposure 
IS  usually  necessary. 

In  all  cases  an  estimate  of  the  possi- 
bilities to  be  reasonably  hoped  for  should 
be  made  before  instituting  treatment. 
If  complete  regression  of  disease  can  be 
anticipated,  it  is  justifiable  to  use  doses 
to  the  limit  of  tissue  tolerance,  even  at  the 
expense  of  considerable  reaction  on  the 
part  of  the  patient.  If  only  palliati^e 
relief  can  be  expected,  then  the  comfort  of 
the  patient  should  hold  first  place  through- 
out, and  dosage  and  methods  be  modified 
accordingly. 

In  presenting  our  statistics  of  this 
group  of  cases  fo'  the  past  six  years,  we 
do  so  fully  realizing  their  limitations. 
The  cases  were  unselectcd  and  were  treated 
as  they  came  to  us.  All  but  a  very  few 
were  far  ad\anced  and  many  of  them 
would  probably  have  been  better  off  had 
treatment  been  confined  to  oral  hygiene 
and  opiates.  The  series  can  in  no  way  be 
compared  with  surgical  statistics  from 
.selected   cases.    Since   technicjue  has  been 


gradually  impro\ed,  we  feel  that  better 
results  are  now  obtainable  than  were  possi- 
ble in  the  beginning  of  the  series.  The  period 
of  observation  in  the  majority  of  cases  is 
too  short  to  permit  of  absolute  conclusions. 

During  the  period  from  January  i,  191- 
to  December  31,  1922,  we  treated  in  all 
113  cases  of  carcinoma  of  the  floor  of  the 
mouth.  These  were  divided  as  follows: 
Primary  without  palpable  involvement 
of  cervical  nodes,  35  (of  these,  10  cases 
subsequently  developed  infected  nodes); 
primary  with  involvement  of  cervical 
nodes,  65;  recurrent  locally,  6;  recurrent  in 
cer\ical  nodes  only,  5;  recurrent  both 
locally  and  in  cervical  nodes,  2. 

In  attempting  to  classify  these  cases  it 
may  be  well  to  explain  that  when  we  refer 
to  palliative  relief,  we  mean  definite  relief 
from  symptoms  for  a  time,  at  least,  and 
prolongation  of  life  over  the  natural  course 
of  the  disease  for  a  period  long  enough  to 
make  the  procedure  well  worth  while. 
Quite  a  number  of  cases  listed  as  such  are 
still  fixing  and  enjoying  reasonable  com- 
fort under  the  circumstances,  a  few  up  to 
two  and  three  years.  Cases  referred  to  as 
unimproved  are  those  in  whom  there  was 
no  relief  from  symptoms  or  alteration  in  the 
natural  course  of  the  disease  sufficient 
to  make  treatment  worth  while.  In  refer- 
ring to  neck  dissections  we  mean  a  complete 
unilateral  dissection  followed  by  implanta- 
tion of  radium  emanation  in  the  wound — 
in  a  few  cases  only  a  submaxillary  or  a 
sternomastoid  dissection  was  employed. 
Surgical  exposures  for  ligation  of  vessels 
or  implantation  of  tubes  only,  are  not  listed 
as  neck  dissections. 

The   division    by   years    is    as   follows: 

In  191 7,  4  cases;  2  were  improved  and  2 
unimproved. 

In  191 8,  six  cases;  i  now  free  from  clini- 
cal e\  idence  of  disease  52  months,  4 
improved  for  a  time  and   i   unimpro\ed. 

In  1919,  16  cases;  4  are  now  clinically 
free  from  disease  for  periods  of  44,  42,  39 
and  34  months,  8  were  impro\ed  and  4 
unimpro\ed. 

In  IQ20,  21  cases;  9  are  now  clinically 
free  from  disease  for  periods  of  34,  33, 
31,  30,  30,  29,  2",  2-,  and  26  months,  8 
well'   improxcd   and   4   were  unimpro\cd. 

in  1921,  i~  cases;  6  are  free  from  clinical 
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evidence  of  disease  for  periods  of  20,  19,  16, 
16,  12,  and  12  months,  9  were  improved 
and  2  unimpro\ed. 

In  1922,  34  cases;  4  are  free  from  clinical 
evidence  of  disease  for  periods  of  10,  8,  8 
and  4  months,  1 1  have  been  improved, 
5  were  unimproved  and  14  are  too  recent 
to  classify. 

Of  41  neck  dissections  done,  24  are  now 
cHnically  free  from  evidence  of  disease, 
but  this  must  be  discounted  because 
10  were  done  in  1922,  and  several  of  the 
cases  belong  in  the  group  of  cases  too 
recent  to  classify.  Of  the  30  done  in  the  fn^e 
years  previous,  14  are  now  free  from  clini- 
cal evidence  of  disease.  Only  two  cases 
put  down  in  our  records  as  cHnically  free 
from  disease  throughout  ha\e  since 
recurred,   one   in    1920   and   one   in    192 1. 

Fifteen  cases  in  the  entire  series  showed 
secondary  involvement  of  the  mandible, 
and  it  is  probable  that  this  number  would 
be  higher  had  a  routine  x-ray  exammation 
of  the  lower  jaw  been  made  in  every  case. 

Of  the  series,  37  cases  are  now  known  to 
be  dead,  18  cases  were  totally  unimproved, 
and    20    cases    have    been    lost    track    of. 

The  net  beneficial  results  from  the  total 
series  of  113  cases  to  date  are  as  follows: 

Twenty-four  cases  are  clinically  free 
from  disease  for  periods  ranging,  with  one 
exception,  from  eight  to  fifty-two  months; 
the  average  for  the  group  being  twenty-five 
and  a  half  months. 

Forty-three  cases  have  been  given  pallia- 
tive relief  and  of  these  18  are  still  living. 

Fourteen  cases  are  too  recent  to  classify. 

CONCLUSIONS 

1.  Carcinoma  of  the  floor  of  the  mouth 
is  a  distinct  clinical  entity  with  peculiar 
therapeutic  problems  which  render  it 
unlike  any  of  the  other  intraoral  groups. 

2.  We  believe  our  experience  to  date 
warrants  us  in  advising  interstitial  radiation 
by  means  of  unfiltered  radium  emanation 
tubes  as  the  agent  of  choice  in  the  treat- 
ment of  the  primary  lesion. 

3.  We  believe  that  the  problem  of 
dealing  with  the  metastatic  extension  of 
disease  to  cervical  nodes  is  best  handled 
on  a  conservative  basis,  using  a  combina- 
tion of  surgery,  radium  and  .v-rays. 


4.  We  make  these  tentative  conclusions 
fully  recognizing  our  limitations  ot  observa- 
tion period,  number  and  type  of  cases 
treated. 
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DISCUSSION 

Dr.  Pf.^hler.  I  am  sure  we  all  appreciate 
this  very  excellent  paper  of  Dr.  Quick,  who 
has  presented  to  us  so  carefully  an  analysis 
of  his  results. 

I  would  like  to  emphasize  the  importance  of 
cleaning  out  the  mouth  at  the  very  beginning 
of  the  examination,  getting  rid  of  infected 
teeth,  irritating  plates,  etc. 

I  have  had  no  experience  in  the  use  of  the 
emanation  needles;  therefore,  I  cannot  discuss 
it  from  that  standpoint  at  all.  The  results 
shown  are  certainly  very  convincing. 

It  has  been  the  opinion  of  Dr.  Widman  and 
myself  that  we  obtain  our  best  results  by  the 
surface  application,  externally,  of  the  roentgen 
ray,  and  now,  of  course,  we  are  using  higher 
voltage  rays.  Mr.  Failla  has  worked  out  very 
nicely  the  depth  value  of  this  surface  radiation. 
Most  of  these  tumors  are  not  probably  3  cm. 
in  thickness,  and  therefore  we  will  deliver  a 
greater  quantity  to  the  tissue  involved.  It 
has  been  our  custom,  therefore,  to  apply 
roentgen  rays  externally  to  the  limit  of  skin 
toleration  and  to  apply  radium  by  application 
over  the  surface  of  the  tongue  and  floor  of  the 
mouth  inside,  and  then  after  about  a  month, 
after  we  have  had  considerable  fibrous  tissue 
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lorniatioM,  to  imhecl  radium  iieccllcs  into  the 
tumor  tissue,  very  mueli  on  the  same  basis 
as  that  on  which  Dr.  Quick  uses  the  emanatitin 
needle.  We  ha\e  used  element  needles  (lo 
mg.  needles)  and  used  one  needle  for  each  c.c. 
of  tissue  involved  and  leaving  the  needles  in 
place  for  a  period  of  si.\  to  ten  hours,  depending 
also  upon  the  size.  We  have  this  one  advantage 
in  the  use  of  radium  clement  needles  over 
emanation  needles:  that  we  are  using  only 
the  hardest  beta  rays  and  gamma  rays,  and 
we  are  getting  distant  radiation  effect  to  a 
considerable  degree.  On  the  other  hand,  we 
have  not  as  many  needles  to  distribute  and 
we  cannot  get  as  wide  a  distribution  of  radia- 
tion effects  as  you  get  with  emanation.  The 
emanation  needles,  however,  produce  more 
local  necrosis  and  therefore  you  have  lique- 
faction processes,  which  we  avoid. 

1  simply  mention  this  application  to  those 
who  do  not  have  emanation  needles  to  work 
with.  We  only  have  500  mg.  of  radium  to  work 
with  and  therefore  have  not  thought  it  advis- 
able to  reduce  it  to  emanation. 

Dr.  Ew  ing.  In  regard  to  the  use  of  these 
highly  destructive  agents  in  cancer,  it  seems 
to  me  that  the  ultimate  position  which  they 
will  occupy  in  comparison  with  surgery  depends 
not  so  much  on  any  particular  skill  or  technique 
but  more  upon  the  principles  on  which  the>' 
are  employed.  I  have  encouraged  my  clinical 
colleagues  to  proceed  with  the  use  of  radiation 
on  the  ground  that  the  methods  were  biologi- 
cally sound,  and  especially  with  the  local  use 
of  radium  emanation  needles  in  the  treatment 
of  infiltrating  squamous  cancer. 

There  is  an  impressive  parallel  between  the 
action  excited  by  radiation  properly  applied 
and  that  which  nature  produces  against  the 
disease.  If  those  obser\ations  are  correct,  then 
you  may  say  that  radiation  therapy  is  secun- 
dum naturam,  in  accordance  with  nature's 
methods.  Therefore,  we  can  say  radiation  is  to 
some  extent  a  rational  therapy.  I  am  under  the 
impression  that  the  ultimate  position  of  radia- 
tion therapy  will  depend  more  upon  the  prin- 
ciples upon  which  we  are  proceeding  than  upon 
de\clo|jnR'nt  of  technique.  We  are  dealing 
with  the  disease  on  a  more  rational  basis  than 


has  ever  been  emplovcd  in  the  treatment  of 
cancer. 

Is  there  such  a  thing  as  immunity  against 
cancer?  From  experimental  data  we  have 
certain  grounds  for  assuming  that  there  is 
actual  immunity  against  the  progress  of 
certain  malignant  neoplasms.  Experimental 
conditions  under  which  supposed  immunity 
has  been  observed  arc  that  after  regression  of 
a  tumor  in  the  animal  he  becomes  more  resis- 
tant to  implantation  of  the  same  tumor — at 
times  completely  resistant. 

Does  regression  of  cancer  under  radiation 
in  the  body,  with  absorption  of  the  regressing 
cells,  increase  immunity?  I  do  not  think  we 
have  any  definite  clinical  observations  to  justify 
such  an  assumption  but  we  do  have  sound 
theoretical  data  to  encourage  us  to  believe 
that  there  may  be  some  increased  immunity. 
Our  information  is  far  from  sufficient  to  enable 
us  to  draw  positive  conclusions  on  this  matter. 
This  general  immunity  reaction,  which  we  may 
assume  to  exist,  is  an  element  entirely  lacking 
in  any  other  method  of  treatment  of  cancer, 
especially  surgery. 

Dr.  Quick  (closing  discussion).  I  have 
nothing  more  to  say  except  to  reinforce  one 
point  which  Dr.  Pfahler  made;  that  of  heavy 
surface  radiation  prior  to  the  imbedding  of 
citlicr  radium  tubes  or  needles.  We  try  to 
carr\'  this  out  in  all  cases  and  feel  lustified  in 
doing  so  because  it  does  cut  down  the  danger. 

Another  point  in  the  difference  between 
burying  emanation  and  radium  needles  relative 
to  the  beta  ray  effect:  I  am  not  in  a  position 
to  say  that  it  is  an  advantage  to  have  beta 
radiation  present.  We  do  know  that  it  produces 
a  very  sharp  local  effect.  In  my  own  experience 
I  think  it  has  been  unusual  to  note  that  those 
cases  with  the  most  permanent  result  have 
been  the  ones  associated  with  beta  as  well 
as  gamma  radiation. 

None  of  the  agents  today  form  the  ideal 
cancer  cure,  so-called.  Consequently  I  think 
it  is  our  business  to  correlate  them  as  far  as 
possible,  to  take  care  of  the  local  problem,  and 
still  keep  looking  for  the  various  wa\s  to  take 
care  of  the  real  problem,  that  is,  dealing  with 
the  thing  constitutionallx'. 


INTRATHORACIC  CHANGES  FOLLOWING  ROENTGEN  TREAT- 
MENT OF  BREAST  CARCINOMA* 

B^      1.   A.    GROO\  EK,    M.D.,    A.  C.    CHRISTIE,    M.D.,    AND    E.  A.    MERRITT,    M.D. 

WASHINGTON,    D.    C. 

4   T    the    midwinter     meeting     of    the  causes  the  patient  much  distress.  During 

^lV    Eastern  Section  of  this  Society,  held  the  tune  of  subsidence  of  the  skin  reaction 

in  January,  1922,  one  of  us  (Dr.  Groover)  the  cough  gradually  lessens  in  severity  and 

m  the  course  of  a  discussion  on  roentgen  m  six  to  eight  weeks  disappears  entirely, 

therapy    of    malignant    disease,    reported  The    fact    that    the    symptoms    of   intra- 

certain  intrathoracic  changes  that  we  had  thoracic    irritation    follow    so    closely    the 

observed,    following    treatment    of   breast  course    of   the    skin    reaction    seems   very 

carcinoma.  significant.    Their   coincidence   in   a    con- 

These  changes  were  also  referred  to  by  us  siderable  number  of  cases  has  led  us  to  the 

in  a  paper  read  in  the  Section  on  Radiology,  belief  that  the  delivery  of  a  large  dose  to  the 

Southern  Medical  Association,  Nov.  14-17,  deep    structures    by    means    of   prolonged 

192 1,  and  published  in  the 5ou;/jernA/ec?ica/  treatment    through    a    copper    filter    has 

Journal,  June,  1922,  Vol.  xv.  No.  6.  brought  about  changes  in  the  pleura  and 

We  had  an  impression  at  that  time  that  even  in  the  lungs,  analogous  to  the  changes 

some   of  these   changes   were   due   to   the  that  take  place  in  the  skin.   This   belief 

treatment  mstead  of  to  extension  of  the  seems  to  us  thoroughly  rational,  especially 

original  disease.  This  impression  has  been  in   the   light   of  investigations   that   have 

strengthened  by  observation  of  other  cases  shown  that  roentgen  treatment  o^•er  the 

and  the  further  course  of  those  then  under  abdomen    is    capable    of   causing    definite 

treatment.  changes  in  the  mucous  membrane  of  the 

This  communication  is  presented  only  as  small  intestine,  accompanied  by  diarrhea 

a    preliminary    report,    and    to    stimulate  and  bloody  stools.  It  is  also  known  that  a 

discussion.    We    are    convinced,    however,  dose  of  roentgen  rays  sufficient  to  cure  at 

that  not  all  the  changes  observed  in  the  one    application    an    epithelioma    on    the 

chest    after    massive    dose    treatment    of  cheek    will    often    cause    a    ^■ery    marked 

carcinoma  of  the  breast  are  due  to  malig-  change  in  the  mucous   membrane  of  the 

nant  disease:  that  at  least  some  of  them  are  mouth.  The  mucosa-  corresponding  to  the 

attributable  directly  to  the  effect  of  the  area   treated   on  the  outside  has   exactly 

treatment.  the    appearance    it    would    have    had    if 

Our  attention  was  first  called  to  this  by  pure  carbolic  acid  had  been  applied.  The 

the    fact    that    patients    given    prolonged  superficial  mucosa  is  destroyed  and  sloughs 

treatment  through  a  copper  filter  behaved  off,     leaving    a     normal-looking     mucous 

quite  differently  from  those  treated  by  the  membrane,    these    changes    taking    place 

older    method    through    5    or    6    mm.    of  coincidently    with     the    destructive    and 

aluminum  over  numerous  portals  of  entry,  healing   process   about  the   lesion   on   the 

The  skin  reaction  after  treatment  through  outside.    Similar    changes    are    known    to 

copper  filter  is  marked  at  ten  days  and  take   place    in    the    larynx,    pharynx    and 

reaches  its  maximum  at  about  eighteen  to  esophagus  after  roentgen  treatment  about 

twenty;  it  then  gradually  subsides  with  a  the   neck.    We   have   repeatedly   observed 

fine  branny  desquamation  and  is  complete  extensive  reaction  over  the  mucous  mem- 

in  from  four  to  six  weeks.  About  the  time  brane    of    the    fauces,    soft    palate,    and 

that    the    skin    reaction    is    distinct,    the  pharynx    after    prolonged    treatment    for 

patient    begins    to    complain     of    a    dry  malignant  disease  of  the  face,  mouth,  or 

hacking    cough,    and    in    some    cases,    of  neck,  the  radiation  being  directed  entirely 

difficulty   in    swallowing.    The    latier   dis-  from     outside.     It    seems    reasonable    to 

appears  in  about  a  week  or  ten  days,  but  believe  that  analogous  changes  may  occur 

the    cough    persists,    and    when    the    skin  in  the  epithelial  lining  of  the  bronchi,  the 

reaction  has  reached  Its  height,  the  cough  lining   membrane   of  the   pleural   sac,    or 

is  very  hard,  dry  and  unproducti\e  and  e\en  in  the  parenchyma  of  the  lungs. 

•  Read  at  the  Twenty-third  Annual  Meeting  of  The  American  Roentgen  Ray  Society.  Los  Angeles,  Calif.,  Sept.  i2-i5,  1922. 
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Olm-  observations  are  based  entirely  on 
chnical  and  roentgen  linchngs  and  are  not 
otlarod  as  definite  proof  that  the 
phenomena  are  due  to  the  effects  of  the 
roentgen  ray.  There  is  no  way  to  demon- 
strate from  our  patients  what  histological 
changes  are  present,  except  as  we  infer 
from  the  roentgen  appearance.  Proof  that 
the  treatment  instead  of  the  original 
disease  is  responsible  for  the  change,  could 
be  had  if  we  could  subject  patients  not 
suffering  from  carcinoma  to  exactly  the 
same  treatment.  The  procedure  is  of  too 
severe  a  nature  to  permit  of  this,  but  it 


duced  no  demonstrable  intrathoracic 
changes  in  dogs,  while  it  did  cause  marked 
and  extensi\'e  changes  in  the  epithelium 
of  the  small  intestine.  The  dosage  used  by 
them,  however,  by  no  means  corresponds 
to  that  employed  by  us  in  treating  breast 
carcinoma.  Their  dogs  were  treated  through 
2  mm.  of  aluminum,  and  the  maximum  dos- 
age given  was  that  represented  by  512  ma. 
min.,  through  comparatively  small  skin 
areas.  Our  total  dosage  directed  toward  the 
intrathoracic  structures  is  represented  by 
2'"oo  ma.  min.,  and  additional  effect  may 
be  expected  from  the  secondary  radiation 


Fig.    I.    Case    1.    Ma>    4,    1921.    Lungs   arc-    appartntiv 
normal. 

may  be  mentioned  that  we  have  treated  3 
patients  with  sarcoma  of  the  thorax,  one 
of  the  -th  rib,  one  of  the  clavicle,  and  one 
of  the  soft  tissues  in  the  scapular  region, 
and  that  all  of  them  have  had  the  cough 
described  above  when  their  reaction  was 
at  its  height.  In  one  there  were  distinct 
intrathoracic  changes  at  the  right  base 
similar  to  those  seen  in  the  accompanying 
illustrations. 

\Vc  have  been  unable  to  carry  out 
experimental  work  on  animals,  but  we 
hope  that  this  report  will  induce  some  one, 
properly  equipped,  to  do  it.  We  are 
aware  of  the  work  done  by  Warren  and 
W  hippie  in  the  course  of  their  studies  of 
"Roentgen-ray  Intoxication"  which 
showed  that  the  dosage  used  by  them  pro- 


FiG.  2.  Case  I.  July  7,  ig2i.  Area  ol  infiltration  in 
right  lung  which  was  interpreted  as  a  direct  extension 
of  the  recurrent  carcinoma  of  the  breast. 

due  to  treating  o\er  large  areas.  It  is  only 
in  the  patients  who  have  recei\ed  these 
large  doses  that  we  have  observed  the 
symptoms  and  roentgen  findings  reported 
here. 

The  following  case  history,  with  repro- 
ductions of  roentgenograms  made  at 
various  times,  illustrates  the  point  we 
wish  to  bring  out: 

Female,  unmarried,  aged  thirty-five, 
came  under  observation  on  April  30,  192 1. 
Right  breast  removed  June  3,  1920.  A  red 
spot  persisted  in  the  lower  part  of  the 
scar,  which,  in  a  few  months,  developed 
int(^  a  rapidly  growing  tumor.  It  was 
conical  in  shape,  about  the  size  of  a  hen 
egg,  very  vascular,  and  projected  outward 
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from  the  chest  wall.  It  was  apparently 
near  to  ulceration.  There  was  a  definite 
palpable  mass  in  the  right  side  of  the  neck 
just  above  the  clavicle.  Roentgen 
treatment  was  given  through  1-2  mm. 
copper  and  i  mm.  aluminum  fdter  with  a 
spark-gap  of  9  to  10  in.  and  5  ma.  of 
current.    The    treatment   was    as    follows: 

April  30,  1 92 1.  The  right  pectoral 
region  and  axilla,  including  the  area  of  the 
tumor,  one  and  a  half  hours  at  12  m. 
distance. 

May  3.  The  same  area  as  above  for  the 
same  time. 


June  9.  Skin  reaction  subsiding.  There 
is  definite  reduction  in  the  size  of  the  tumor 
and  in  the  mass  in  the  neck. 

July  ~.  The  tumor  on  the  chest  wall  has 
almost  disappeared.  The  patient  complains 
of  cough,  which  she  has  had  for  about 
three  weeks.  Roentgen  examination  of 
the  chest  on  this  date  shows  a  definite 
area  of  infiltration  in  the  right  lung.  The 
appearance  suggests  direct  extension  from 
the  tumor  on  the  thoracic  wall,  rather  than 
metastasis  (Fig.  2). 

July  29.  The  external  evidence  of  disease 
has   practically  disappeared.  The  general 


Fig.  3.  Case  I.  July  29,  1921.  Marked  increase  in  extent 
of  tlie  infiltrated  area. 


May  4.  The  right  side  of  the  neck  and 
supracla\"icular  region,  two  hours  at  10  in. 
distance.  A  roentgenogram  made  on  this 
date  is  shown  in  Figure  i. 

May  6.  Right  scapular  region,  one  hour 
at  12  in.  distance. 

May  -.  Right  scapular  region,  forty 
minutes  at  12  in.  distance. 

May  10.  Right  scapular  region  one  hour, 
twenty  minutes,  at  12  in.  distance. 

The  patient  thus  had  from  April  30  to 
May  10  a  total  of  three  hours  over  the 
right  pectoral  region  and  axilla,  three 
hours  over  the  right  scapular  region  at  12 
in.  distance  and  two  hours  over  the  right 
side  of  the  neck  at  10  in.  distance. 

May  28.  Marked  erythema  o\er  chest 
and  neck. 


Fig.  4.  Case  I.  August  19,  1921.  The  roentgen  appear- 
ance not  essentially  different  from  that  of  Figure  3 
except  that  there  is  beginning  fibrosis. 


appearance  is  good,  but  there  is  consider- 
able cough  and  shortness  of  breath  on 
exertion.  There  is  marked  increase  in  the 
process  in  the  right  lung  except  that  there  is 
evidence  of  beginning  fibrosis  (Fig.  3). 

August  19.  No  e^■idence  whatever  ot 
disease  externally.  The  expansion  of  the 
right  chest  is  much  restricted.  The  roent- 
gen appearance  is  not  essentially  different 
from  that  of  July  29  (Fig.  4). 

September  13.  The  cough  has  almost 
disappeared.  Still  some  embarrassment  ot 
respiration  on  exertion.  There  appears 
to  be  distinct  retrogression  in  the  process 
in  the  lung.  There  is  evidence  of  fibrosis 
and  there  are  adhesions  at  the  base 
(Fig.  5). 
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September  29.  The  expansion  of  the 
right  chest  is  restricted,  the  right  dia- 
phragm elevated  and  immobile  and  there 
has  been  gradual  retraction  of  the  heart 
and  mediastinal  structures  toward  the 
right.  There  appears  to  be  distinct  fibrosis 
in  the  right  lung  (Fig.  6). 

The  patient  was  lost  to  observation 
until  May  23,  1922,  when  she  reported 
again  with  an  extensive  local  recurrence 
in  the  same  location  where  the  tumor  was 
before.  She  states  that  this  began  to  appear 
in  February,  1922.  There  is  now  a  large 
cauliflower  mass  with  bad  odor.  Examina- 


nied  by  cough  and  dyspnea;  that  this  was 
presumably  due  to  extension  of  the  carci- 
noma of  the  breast,  but  that  it  subsequently 
disappeared;  and  that  the  patient  is  free 
today,  after  sixteen  months,  of  any  demon- 
strable intrathoracic  disease. 

Not  all  of  our  cases  have  been  so  clear- 
cut  as  this  one.  In  some  of  them  we  are 
sure  that  there  has  been  extension  of  the 
malignant  disease  to  the  intrathoracic 
structures.  But  e\en  in  these  cases,  the 
occurrence  and  subsccjuent  disappearance 
of  cough  and  dyspnea  coincident  with  a 
partial    clearing    up    of    the    evidence    of 


Fi<;.  ■;.  Case  I.  September  13,  ii)2i.  The  evidence  of 
inliltnition  lias  largely  disappeared.  Tliere  are  marlced 
librosis  throughout  the  lung  and  adhesions  at  the 
right  base. 


tion  of  the  chest  shows  a  much  retracted 
lung  field  on  the  right  side,  but  the  lung 
aerates  well  and  there  is  almost  complete 
disappearance  of  the  markings  previously 
interpreted  as  representing  fibrosis.  There 
is  no  evidence  of  the  presence  of  intra- 
thoracic disease  (Fig.  7). 

On  May  31  the  tumor  was  remo\cd  by 
electrocoagulation  and  the  area  of  the 
tumor  given  radium  and  roentgen 
treatment. 

The  points  wc  wish  especially  to  empha- 
slz.'  in  this  case  are  that  this  patient  had  a 
lesion  in  the  right  lung  which  appeared 
after  roentgen  treatment  and  was  accompa- 


FiG.  6.  Case  I.  September  2g,  iy2i.  Retraction  of 
mediastinal  structures  toward  the  right.  Right 
diaphragm  higher  than  normal,  and  immobile. 

infdtratlon  in  the  lung  ha\e  strengthened 
our  conviction  that  roentgen  treatment 
gi\en  in  the  way  described  does  actually 
produce  changes  in  the  pleura  and  lungs. 

DISCUSSION 

Dr.  Tyler.  The  lung  changes  following 
hca\v  radiation  therapy  ha\c  been  noted  by 
me  lor  a  considerable  period  of  time.  I  agree 
with  Dr.  Christie  in  his  description  of  the 
linclings  shown  on  tiie  .v-ray  plate  ol  the  chest. 
In  some  of  these  cases  the  changes  take  place 
in  the  kuig  immediately  following  treatment, 
riie  changes  can  be  demonstrated  both  rocnt- 
genologically  and  by  physical  examination, 
all  of  our  cases  having  been  checked  up  by  all 
known    diagnostic    methods.    If   tiie    changes 
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come  on  acutely  following  the  treatment,  and 
treatment  is  stopped,  the  lung  will  gradually 
restore  itself  to  nearly  normal.  There  will, 
however,  be  left  in  the  lung  at  the  site  of  the 
lesion,  scar  tissue  which  is  permanent  and  is 
demonstrable  on  the  .v-ray  plate  during  the 
entire  life  of  the  patient. 

Another  type  of  case  comes  on  very  insidi- 
ously. The  first  symptom  described  by  the 
patient  will  be  shortness  of  breath.  In  this 
type  of  case  the  process  is  progressive,  the 
scar  tissue  gradually  increasing  in  the  lung, 
and  in  some  cases  we  ha^•e  even  had  retraction 
of  the  lung  from  the  chest  wall  without  the 
formation  of  fluid  in  the  pleural  cavity.  In 
others,  we  have  had  pleural  effusion  showing 
with  contraction  of  the  lung.  In  those  cases 
the  fluid,  when  drawn  off,  is  straw-colored  and 
is  not  bloody. 

So  far,  we  have  been  unable  to  get  post- 
mortem exammation  on  any  of  these  cases, 
although  we  have  recently  had  two  deaths  in 
this  type  of  case. 

We  note  with  considerable  niterest  that  Dr. 
Case  calls  attention  to  these  changes  in  a 
paper  read  at  the  last  meeting  of  the  American 
Medical  Association  and  published  in  the 
Journal  of  the  American  Medical  Association 
for  August  26,  1922,  page  699.  In  the  same 
number  of  the  Journal  oj  the  American  Medical 
Association,  page  "20,  is  an  article  by  Dr. 
Laurence  E.  Mines  of  Chicago  written  under 
the  title,  "Fibrosis  of  the  Lung  Following 
Roentgen  Therapy  Treatment  for  Tumor." 
It  has  been  his  happy  experience  to  get  post- 
mortem examination  on  two  such  cases,  and 
he  describes  very  interestingly  the  microscopic 
fmdings  m  the  lungs  of  these  patients  which 
bear  out  the  suggestions  ottered  by  Dr.  Christie. 
In  both  of  these  cases  reported  by  Dr.  Hines, 
carcinoma  was  present  in  one  and  sarcoma  in 
the  other.  Fibrosis  shows,  however,  in  both, 
with  thickening  of  the  walls  of  the  bronchi, 
resulting  in  complete  obliteration  of  the  smaller 
ones  as  well  as  the  terminal  alveoli  of  the  lung. 

Dr.  Stewart.  It  might  be  interesting  for 
you  to  know  that  I  have  here  a  paper  from 
Dr.  H.  Wintz,  who  probably  has  the  most 
accurate  roentgenological  clinic  in  Germany. 
He  states: 

"By  far  more  dangerous  is  the  infiltration  of 
the  pulmonary  tissue  which  may  occur  after 
systematic  irradiations  of  mammary  carci- 
nomata  or  after  raying  of  tumors  located  in 
the  lung.  The  result  of  the  examination  of 
such  a  lung  resembles  that  of  a  central  pneu- 
monia. There  is  no  fever,  but  a  slight  irritative 
cough.  For  the  respiration  the  whole  affected 
part  of  the  lung  is,  of  course,  useless.  The 
condition  is  also  comparatively  harmless,  and 


will  recede  spontaneously  in  the  course  of 
one-half  to  three-fourth  years.  But  the  concur- 
rence of  a  disease  (pneumonia  bronchitis)  would 
render  the  prognosis  unfavorable." 

Dr.  Cathcart.  Dr.  Christie  is  to  be  con- 
gratulated for  bringing  to  us  at  this  time 
warning  in  regard  to  effects  we  may  expect 
from  deep  roentgen-ray  therapy. 

I  wish  to  report  on  two  patients  who,  follow- 
ing breast  amputation  for  carcinoma  had  local 
and  cervical  recurrences  and  were  given  deep 
,v-ray  treatment  (9I2  in.  gap)  to  the  point  of 
skin  tolerance  over  a  period  of  about  one  year. 


Fig.  7.  Case  I.  May  23,  1922.  Some  fibrosis  in  upper 
part  of  right  lung.  Diaphragm  in  normal  position 
and  freely  movable  with  respiration.  The  shadow 
indicated  by  the  arrows  is  not  due  to  intrathoracic 
changes,   but  to  the   recurrent   tumor  on   the  chest 


Each  developed  a  very  irritating  cough.  Skia- 
graphs showed  heavy  fibrosis  radiating  from 
the  hilus.  This  was  thought  to  be  malignant 
and  treatment  was  discontinued. 

It  is  now  one  year  since  the  last  treatment. 
The  cough  has  disappeared  and  radiographs 
show  a  marked  decrease  in  the  bronchial 
shadows. 

Dr.  Bissell.  I  wish  to  say  that  I  have 
observed  the  same  thing  in  three  cases,  and  I 
followed  them  rather  closely.  They  were  all 
under  observation  at  the  time  Dr.  Tyler  read 
his  paper,  and  subsequent  to  that  I  followed 
them,  and  I  want  to  say  that  it  is  not  safe 
to  speak  of  it  as  fibrosis.  There  is  fibrosis  left 
after    the    inflammatorv    reaction    leaves.    It 


476 


A  Review    oi   the  Present  Status  of  Deep  Roentgen  Therapy 


acts  Hke  an  inllammatory  process,  rather 
acute  in  its  onset,  and  the  patients  have  all 
complained  of  very  severe  compression  of 
tiic'chest. 

I  would  like  to  ask  of  Dr.  Christie:  while 
these  cases  were  radiated  throughout  the 
chest,  in  every  instance  the  reaction  was  all 
on  the  one  side.  Wiiy  should  it  occur  on  one 
and  not  on  the  other?  In  my  cases  the  reaction 
is  always  on  the  allected  side. 

Dr.  Christie  (closing  discussion).  Dr. 
Bissell  suggests  that  we  ought  to  emphasize 
the  fact  that  it  is  not  always  possible,  in  any 
given  case,  to  tell  whether  we  actually  have  a 
metastasis  in  the  ciiest  or  whether  it  is  this 


inliltrative  change  due  to  treatment.  Of  course, 
it  is  not  always  possible,  and  as  I  said,  not  all 
of  our  cases  have  been  so  clear-cut  as  this  one, 
because  in  some  there  were  undoui>ted!y 
malignant  changes. 

I  belie\e  that  the  change  is  actually  of  non- 
infective  inflammatory  character,  and  that  its 
iinal  state  is  of  fibrosis,  that  in  the  {beginning 
It  IS  infiltrative  and  actually  an  inflammatory 
change  in  the  lung  structure. 

We  believe  that  the  coincidence  of  all  these 
symptoms  with  the  treatment  proves  quite 
definitely  that  the  treatment  itself  is  respon- 
sible for  many  of  the  changes  we  have 
observed. 


A  REVIEW  OF  THE  PRESENT  STATUS  OF  DEEP 
ROENTGEN  THERAPY* 

BY    GUIDO    HOLZNECHT,    M.D. 
Professor  of  Medical  Roentgenology 

VIENNA,    .\USTRIA 


O  INCE  Freund  made  his  first  attempt  at 
O  the  therapeutic  employment  of  the  roent- 
gen rays,  since  Kienboeck  first  suggested 
the  fundamental  principles  of  roentgen- 
otherapy, since  the  author  (Holznechtj 
constructed  the  first  dosimetric  apparatus 
(190 1 ),  since  Senn,  of  Chicago,  with  the 
roentgen  treatment  of  leukemia,  inau- 
gurated the  era  of  deep  radiation,  the 
problem  of  dosage  has  remained  the  center 
of  our  interest. 

The  question  of  dosage  has  not  every- 
where passed  through  a  uniform  de\eIop- 
nient.  In  Germany  it  presents  an  aspect 
differing  from  that  in  America,  France  and 
England.  The  School  of  Vienna  accepts 
some  of  the  German  results,  while  rejecting 
others  and  combining  the  experience  gained 
in  the  past  with  modern  knowledge. 

The  arrangement  and  standardization  of 
dosage  has  to  overcome  two  difficulties, 
namely,  the  physical  and  biological,  both 
ot  which  continue  to  recei\'e  new  accretions 
through  the  ever-increasing  knowledge 
regarding  the  physical  and  biological 
activities  of  the  rays  in  the  body,  and,  at 
last,  tiirougii  the  cncrwhelming significance 
of  scattering  ("Streuung").  As  regards  the 
physical  dosage,  it  seems  that  in  principle 
it  approaches  a  certain  finality,  which  is  of 
the  utmost  importance  for  the  question  of 
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the  biological  dosage.  As  long  as  we  are 
unable  to  weigh  and  measure  the  remedy, 
we  shall  be  unable  to  get  an  exact  knowl- 
edge of  its  biological  effect. 

We  can  study  the  status  of  both  prob- 
lems by  directing  our  attention  to  the 
conceptions  formed  regarding  them,  which 
like  land-marks  indicate  the  road  over 
which  the  investigation  has  traveled. 
Regarding  the  physical  problem,  we  may 
follow  Voiz,  w'hose  conclusions,  again,  are 
based  on  the  findings  of  other  authors. 
With  Volz  we  diflerentlate  two  general 
and  three  special  dosimetric  conceptions. 
Dealing  first  with  the  "physical  dose"  in 
the  stricter  sense  of  the  term,  w^e  see  that 
It  does  not  take  any  cognizance  of  the 
bodily  relations,  nor  of  any  manifestations 
exhibited  during  the  passage  of  the  rays 
through  the  body,  and  considers  only  the 
density  and  penetrative  power  of  the  rays 
by  measuring  and  registering  them. 

Then  the  cpiotient  of  dosage,  the  propor- 
tion between  the  Incident  radiation  and 
the  radiation  present  at  any  depth:  This 
conception,  omitting  nothing,  comprises 
all  eilecti\e  factors,  the  kind  of  primary 
radiation,  the  locus-skin  distance  with  its 
well-known  significance,  the  portal  of 
entry  with  Its  scattering  effect  and  the 
qualities  of  the  body.   For  practical  pur- 
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poses  it  seemed  to  be  ad\isable  to  lormu- 
late  two  additional  special  dosologic 
conceptions.  For  the  limitless  A'ariety  of  the 
respective  factors  necessitates  the  estab- 
lishment upon  concrete  premises.  The 
special  conception  of  the  "percentual  deep 
dosage"  is  based  on  the  focus-skin  distance 
of  23  cm.  at  a  depth  of  10  cm.  and  a  portal 
of  entry  of  6  to  8  cm.  Lea\'ing  out  of 
consideration  the  size  of  the  portal  of 
entry,  the  conception  of  the  "effective 
dose"  becomes  amplified.  Moreover,  by 
leaving  the  focus-skin  distance  and  the 
depth  without  a  special  determination, 
the  result  will  be  a  measure  which  has 
been  designated  as  "utility  dose."  The  latter 
changes  from  place  to  place  on  the  irradi- 
ated body,  which  we  may  imagine  as  being 
filled  by  the  numbers  of  the  doses.  This 
picture  will  be  endowed  with  system  and 
order  if  we  conceive  of  the  points  with 
equal  doses  as  connected  by  lines,  ^'ou  are 
acquainted  with  these  pictures  of  trans- 
verse sections  which  contain  such  a  multi- 
plicity of  lines.  These  appear  as  the  most 
interesting  mohair-like  designs,  if  we  think 
of  the  body  as  irradiated  not  from  one 
direction  but  from  different  sides,  because 
then  several  additional  dosage  numbers 
become  assigned  to  each  point.  Only  by 
proceeding  in  this  manner  shall  we  be 
enabled  to  obtain  a  full  insight  into  the 
distribution  of  the  raj's  in  the  body.  But  we 
must  not  think  of  these  doses  as  being  in 
accordance  with  our  old  posologic  concep- 
tions— namely,  quantities,  but  as  inten- 
sities which  are  effective  at  any  instant 
or  In  any  unit  of  time.  If  these  are  summed 
up  during  the  course  of  a  radiation  we 
obtain  the  "surface  energy"  and  its 
distribution,  and  herewith  an  exact  idea 
of  the  quantity  of  roentgen  rays  in  the 
body.  Simple  as  these  results  may  appear, 
they  represent  a  superabundance  of  work. 
We  were  not  as  successful  with  the 
Investigation  of  the  biologic  dosage  and  Its 
formulation.  The  conceptions  "destructive 
dose,"  "paralyzing  dose,"  "stimulating 
dose,"  "skin  unit  dose,"  "carcinoma  dose," 
"ovarian  dose,"  "  tuberculosis  dose,"  etc.. 
have  all  been  found  wanting  for  practical 
purposes.  Evidently,  under  the  influence 
of  a  mechanistic  natural  philosophy,  there 
has  taken  place  what  might   be  called   a 


standardization  of  pathology  which  years 
ago  met  with  scant  favor.  They  all  are  of 
significance  as  working  hypotheses,  from 
which  the  In\estIgation  proceeds  and 
advances,  but  for  practical  purposes  none 
of  them  seem  to  be  available,  especially  not 
the  conception  of  the  "effect  of  stimula- 
tion." Its  \alue  has  been  assured  for  the 
semen  and  the  ova  of  lower  and  higher 
organisms,  but  it  has  not  been  proved  for 
new  growths.  In  spite  of  many  thousand 
cases  of  cancer  treated  during  the  last 
twenty  years  wuth  weak  radiations,  the 
numerous  respective  assertions  are  sup- 
ported by  only  a  few  more  closely  observed 
cases  of  an  apparent  promotion  of  growth, 
and  even  if  we  were  willing  to  accept  them, 
they  represent  but  exceptions  from  which 
no  rules  can  be  formulated.  Moreover,  it 
Is  quite  improbable  that  the  rays  would 
exercise  a  purely  depresshe  or  purely 
promoting  Influence  upon  the  Ii\"ing  cell. 
Yet,  it  seems  to  be  probable  that  there 
arise  various  "alienations"  which,  as  a 
matter  of  course,  may  contain  depressive 
or  stimulative  components.  Science  will 
continue  to  explore  them,  while  for  practi- 
cal purposes  we  would  better  remain  on  the 
terra  firma  of  facts  and  experience.  How  far 
one  may  go  astray  was  made  manifest  when 
— from  an  o\"er-estImation  of  the  defensixe 
forces  of  the  organism,  especially  the  con- 
nective tissue,  against  carcinoma — small 
doses  were  recommended  and  thus  the 
precious  acquisitions  of  our  experience  were 
jeopardized.  For  the  treatment  of  car- 
cinoma the  high  doses  are  to  be  continued. 
As  to  the  exact  amount  of  the  doses,  we 
have  learned  valuable  lessons  from  the 
treatment  of  sarcoma.  On  the  proper 
dosage  In  sarcoma,  the  statistics  collected 
by  Juengling  (19O3",  1912,  1914,  1920)  have 
thrown  light:  30  per  cent  of  the  sarcomata 
disappeared  primarily;  50  per  cent  shrunk; 
20  per  cent  remained  absolutely  refractory, 
no  matter  whether  several  millimeters  of 
aluminum  or  brass  and  zinc  were  employed 
with  the  old  or  modern  technique.  E\'en 
without  filtration,  there  w^ere  still  17  per 
cent  of  primary  disappearance.  We  do  not 
speak  of  a  cure,  but  merely  of  primary 
disappearance,  which  Is  selected  as  an 
estimation  of  the  efi'ects  of  the  different 
methods.  All  this  goes  to  show  that  the 
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improvement  in  the  technique  above  a 
rather  low  degree  was  of  no  avail.  It  is  not 
we,  but  the  particular  form  of  tumor  which 
determines  whether  our  treatment  will  be 
successful  or  not.  To  remember  this  is 
important.  It  would  not  be  right  to  torment 
the  patient  by  exposing  him  to  secondary 
effects,  if  we  are  unable  to  conquer  the 
sarcoma  by  this  method.  I  believe,  maybe 
with  some  of  you,  that  in  the  case  of  a 
carcinoma  we  are  confronted  by  the  same 
conditions,  although  of  a  higher  technical 
degree.  As  sarcomata  of  the  lymphatic 
glands  are  distinguished  by  their  sensibility 
to  a  low  technique,  among  the  carcinomata 
those  of  the  uterus  are  responsive  to  a  higher 
technique.  Of  microscopically  well-charac- 
terized sarcomata  some  disappeared  pri- 
marily, while  others  remained  refractory. 
The  same  observation  has  been  made 
with  the  carcinomata.  In  spite  of  the  most 
phenomenal  results  obtained  in  a  few  cases, 
the  fact  remains  that  all  the  technical 
improvements  in  the  world  will  not  enable 
us  to  triumph  over  the  carcinomata 
absolutely.  It  is  dignified  to  acknowledge 
our  inability  and  to  confess  that  we  are 
confronted  by  a  biological  barrier  over 
which  to  leap  is  not  in  our  power.  There 
remains  nothing  to  be  done  but  to  find 
the  still  unknown  technical  degree  for  the 
carcinoma,  which  may  possibly  be  accom- 
plished by  means  of  the  modern  thera- 
peutic apparatus.  This  has  always  been  our 
opinion  regarding  the  other,  especially  the 
internal  diseases  which,  owing  to  the  inter- 
est devoted  to  the  carcinoma,  ha\e  been 
too  much  neglected.  The  standardization 
and  determination  of  the  dosage  's  ditlicult 
but  important,  for  the  practice  requires 
normalization.    1(    we    form    theories    from 


our  experience  with  the  various  affections, 
and  write  down  the  best  technical  meas- 
ures, we  shall  find  ourselves  confronted  by 
a  chaos  of  various  posologic  prescriptions, 
if  I  am  allowed  to  use  this  expression  also 
in  our  department.  They  must,  of  course, 
contain  technical  factors,  because  the 
dosage  is  dependent  upon  them  and  e\en 
upon  the  intervals  between  the  series. 
In  order  to  simplify  our  task,  the  manifold 
affections  and  prescriptions  must  be  first 
formed  into  several  groups.  And  indeed, 
we  can  easily  arrange  the  different  affec- 
tions in  four  groups,  namely,  those  that 
require  an  extremely  large  quantity  (where 
in  solitude  the  carcinoma  is  enthroned); 
the  sarcomatous  and  certain  other  affec- 
tions requiring  a  considerable  quantity; 
those  requiring  a  medium  quantity;  those 
requiring  a  small  quantity.  If  we  want 
to  prescribe  uniform  technical  formulae 
for  each  group  of  diseases  we  shall  find 
ourseKes  hampered  by  the  differences 
in  the  size  of  the  parts  of  the  body  and  the 
varying  depth  of  the  tissue  which  call  for 
diflerent  fields  and  different  quantities. 
These  difficulties  may  be  o\-ercome  if,  in 
place  of  the  different  sizes  and  forms  of 
the  parts  of  the  body  which  are  to  be  irra- 
diated, we  substitute  a  limited  number  of 
definite  \ariations  in  their  size.  I  propose 
five  degrees  of  sizes,  namely,  parts  of  the 
body  of  approximately  5,  10,  15,  20, 
25-30  cm.  thickness.  To  these  are  to  be 
adjoined,  for  each  group  of  diseases,  the 
corresponding  number  and  size  of  the 
fields.  The  formula  remains  the  same  for 
each  group.  As  a  matter  of  course,  some 
diseases  require  exemption  from  the  general 
group  formula.  The  hardness  of  the  rays — 
which  hitherto  was  measured  by  the  spark 
gap  or  the  number  of  kilovolts  in  the 
apparatus  (both  quite  inexact)  or  in  the 
absorption  experiment  with  the  "selenium 
cell"  (simple  but  not  exact);  or  with  the 
iontometer  (%ery  cumbersome) — is  now  to 
be  determined  by  the  shortest  wave-length 
and  by  the  wave-length  of  the  maximum 
of  radiation.  Both  may  easily  and  exactly 
be  determined  by  means  of  the  new  spec- 
trometer (March,  Staunig  and  Fritz  of 
Innsbruck).  In  employing  the  latter,  we  do 
without  the  photographic  plate  and  read 
from  a  lluoroscopic  scrciii.  Our  tabulation 
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gives  the  hardness  of  the  rays  as  well  as 
indications  of  the  spark-gap,  the  main  data 
of  the  radiation  mixture,  the  shortest 
•wave-length  and  the  maximum  of  radia- 
tion in  "Angstrom  units." 


1  beg  to  submit  to  your  judgment 
my  proposition  which  has  become  feasible 
by  the  fact  that  during  these  latter  years 
roentgenotherapy  has  made  immense 
advances. 


PRACTICAL  ROENTGEN-SPECTROMETRY  AND  ITS 

PHYSICAL  BASIS* 


BY    PRIVAT-DOZEXT    DR.    K.    STAUNIG 


INNSBRUCK,    TYROL,    AUSTRIA 


1"^HE  "qualimetry"  of  roentgen  rays 
-  (determining  the  hardness,  power  of 
penetration,  lengths  of  waves)  must,  as  is 
easy  to  see,  form  the  basis  for  every  prac- 
tical use  of  the  rays  in  general  and  for 
the  dosimetry  of  the  roentgen  therapy  in 
particular.  For,  as  it  is  impossible  to 
recognize  the  value  of  large  sums  without 
knowing  the  \alue  of  the  unit  coin  of  this 
standard  of  currency,  or,  as  the  artillerist 
who  does  not  know  the  range  of  his  cannon, 
cannot  reckon  on  the  exact  effect  of  his 
guns  and  runs  the  danger  of  damaging  his 
own  lines,  so  in  the  practical  use  of  roentgen 
rays  the  knowledge  of  the  power  of  pene- 
tration is  a  preliminary  condition  for  the 
exact  comprehension  of  any  effect  which 
the  rays  should  produce. 

We  know,  for  instance,  by  experience, 
that  each  radiogram  needs  special  con- 
ditions of  exposure,  according  to  the  thick- 
ness and  density  of  the  object  to  be  repro- 
duced. Under  these  conditions  the  quality 
of  the  radiation  is  of  decisi\e  importance. 
What  quantity  of  radiation  is  needed  for  a 
radiogram  is  of  secondary  importance. 
In  the  same  way  the  roentgen  penetration 
also  needs  a  qualitative  definition  ot  the 
usable  rays.  Although  empiricism  has 
abolished  grave  mistakes  and  errors  here, 
the  choice  of  the  suitable  radiation,  the 
reliable  filtering  and  the  statement  of  the 
appropriate  quantity  of  this  radiation  for 
every  substratum  to  be  penetrated,  will 
only  be  possible  when  the  problem  of 
qualitative  analysis  has  found  its  solution 


to  give  it  in  qualitatively  and  quanti- 
tatively fixed  amounts.  As  long  as  the 
quality  is  not  exactly  ascertained,  it  is 
like  a  solution  whose  composition  is  not 
or  is  only  inaccurately  known.  Nobody 
would  care  to  prescribe  such  a  solution, 
even  if  he  had  the  means  to  dose  it  quan- 
titatively, as,  for  instance,  in  c.c.  Empiri- 
cism, it  is  true,  by  using  rule  of  thumb 
methods,  has  formed  a  system  which  enables 
us  to  avoid  injuries,  and  has  been  of  great 
\'alue;  but  this  does  not  alter  the  fact  that 
the  real  problem  is  still  awaiting  its 
solution,  and  that  the  unravelling  must 
start  from  the  point  of  the  qualitati\'e 
analysis  of  the  radiation. 

None  of  the  methods  used  up  to  now 
led  to  the  exact  physical  basis,  that  is  to 
say,  to  the  knoivledge  of  the  wave-lengths  of 
the  radiation;  they  had  to  be  content  with 
an  insufficient  approximation.  So,  tor 
instance,  the  new  method  of  filtering  anal- 
ysis has  declared  radiations  as  homo- 
geneous, which  really  contained  differences 
of  a  whole  octave  of  wave-lengths,  as  was 
proved  by  Seemann's  spectrometric 
experiments.  The  exact  examination  of 
measuring  methods  by  the  special  com- 
mittee of  the  German  Roentgen  Society 
has  brought  to  light  a  whole  series  of 
sources  of  errors  and  defects,  so  that  today 
we  consider  the  whole  structure  of  quali- 
metry as  shaken,  and  must  think  ot  a 
complete  new  construction  of  the  dosi- 
metry. 

A  new  system  could  be  built  up  only  with 


A    burning    question,    however,    is    that  support    of   the    method    of   ray-analysis, 

regarding  roentgen  therapy.  The  rays  ha\e  made   use  of  by  physics;  especially  as  we 

proved  a  medicine  which  has  general  and  had    to    deal    with    methods    which    had 

local  effects.  To  dose  this  medicine  means  already    brought    unforeseen    success    m 

•All  researches  on  this  subject  have  been  carried  on  with  the  help  of  the  Rockefeller  Fund.  Detailed  literature  in  Forlschr.  a.  d.  Ceb. 

d.  RontgcnulrahUn. 


480 


Practical  Roentgen-Spectrometry  and  its  Physical  Basis 


broad  spheres  of  science.  Clear  and 
distinct  as  the  results  of  the  physical 
experiments  were,  especially  as  to  explora- 
tion of  the  roentgen  spectrum,  still  they 
have  not  attained  that  importance  for 
practical  radiology  which  they  ought  to 
have;  partly  because  there  was  not  enough 
attention  paid  to  them,  partly  because  the 
methods  were  really  not  adaptable'  for 
practice  on  account  of  their  unhandiness 
and  intricacy.  It  took  up  hours  of  exposmg 
time,  for  instance,  to  project  a  spectrum; 
choosing  an  adaptable  crystal  and  adjust- 
ing it  needed  such  accuracy  that  it  seemed 
to  exceed  the  limit  of  what  could  be 
expected  of  a  practicing  physician.  The 
physicist,  however,  was  led  by  his  own 
interests  into  exceedingly  fertile  regions, 
but  regions  which  were  far  from  the  sphere 
of  interest  of  the  practicing  radiologist. 
So  the  physicist  went  on  his  own  way  in 
ignorance  of  the  needs  of  practice;  the 
practitioner,  on  the  other  hand,  over- 
looked or  underestimated  the  importance 
of  physical  researches. 

When,  on  this  account,  we,  March, 
Fritz  and  the  author,  in  the  spring  of 
1920  started  in  Innsbruck  to  establish 
relations  between  the  physics  and  the 
practice  of  radiology,  the  problems  could 
be  seen  in  distinct  form.  There  could 
be  no  doubt  that  the  crystal  analysis 
had  to  form  the  basis  of  a  spectral- 
analytic  process  and  that  the  first  problem 
was  to  find  a  practical  form  for  it.  It 
ought  to  make  possible  a  direct  insight 
into  the  roentgen  spectrum;  it  ought  to 
adapt  itself  to  the  conditions  of  radiological 
practice  and  its  simple  resources.  It 
should  be  possible  to  carry  it  out  in  a 
short  time  and  to  repeat  it  as  often  as 
one  wants  to.  It  should  be  accurate 
enough,  in  spite  of  its  simplicity,  to  make 
possible  reasonably  exact  measurements 
ot  the  wave-lengths.  The  second  probienr 
was  the  following:  A  single  quantity  which 
should  be  able  to  characterize  with  sulli- 
cicnt  accuracy  the  polychrome  complex 
of  the  radiations,  had  to  be  found  for 
e\er>'  spectrum,  corresponding  to  a  radia- 
tion. In  other  words,  a  key  had  to  be 
obtained  which  could  serve  in  practice 
as  a  simple  term  for  each  radiation.  The 
third   pniblcni   was   the   utilization  of  this 


key  in  practice.  Before  we  proceed  to 
give  a  short  explanation  of  our  spectro- 
metric  method  of  analysis,  and  to  describe 
our  spectrometer  and  its  utility,  we  will- 
give  a  short  resume  of  the  results  of  the 
physical  experiments,  as  they  appeared  to 
us  at  the  beginning  of  our  researches 
or  were  supplemented  during  the  course 
of  our  work.  This  seems  to  be  especially 
necessary,  as  these  important  results, 
though  not  unknown  in  radiological  circles, 
were  at  least  greatly  underestimated  as  to 
their  importance  for  radiology  in  general. 

PHYSICAL  BASIS 

The  spectrometric  method  of  examina- 
tion found  its  introduction  in  Laue's 
renowned  experiment.  In  this,  a  bundle  of 
primary  rays  penetrates  a  fixed  crystal; 
the  rays  are  reflected  by  numerous  planes 
which  are  regularly  studded  with  atoms. 
Each  reflection  takes  place  at  a  host  of 
these  planes,  and  the  reflected  waves 
blacken  the  photographic  plate  at  the 
points  where  they  meet  it.  The  whole  of 
these  numerous  meeting  points  forms  the 
Laue-diagram. 

The  reflection  of  roentgen  rays  does 
not  take  place  for  all  the  wave-components 
which  are  contained  in  the  bundle,  but 
only  for  certain  wa\"e-lengths  (\),  namely 
those  for  which  Bragg's  relation  is  valid. 

X  =  2d  sin  a 
In  this  equation  a  means  the  angle  between 
the  .v-ray  and  the  planes  (.glancing  angle  of 
incidence)  d,  the  distance  of  two  neighbor- 
ing planes,  the  so-called  lattice  constant  of 
the  crystal.  That  istosay,  a  crystal  chooses 
and  reflects  from  a  mixture  of  wa\"es  only 
those  wa\ e-lengths  which  bear  the  abo\e- 
mentioned  relation  to  the  lattice  constant 
and  to  the  glancing-angle.  The  Laue- 
diagram,  however,  showed  by  the  arrange- 
ment of  the  black  points  that  wave- 
lengths of  different  sizes  are  reflected  in 
the  crystal  and  one  could  suppose  that  a 
continuous  white  spectrum  exists,  like 
the  continuous  white  s|:)ectrum  which  one 
gets  when  analyzing  sunlight.  The  arrange- 
ment of  Laue's  experiment,  howe\er, 
pro\ed  unsuitable  for  measuring  the  limits 
of  this  spectrum  and  the  distribution  of 
the  intensities  corresponding  to  tiie  \  a  nous 
wa\c-lcnuths  111  the  spectrum. 
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Only  Bragg's  spectrometer  gives  the 
classical  method  of  analyzing  the  roentgen 
spectrum.  It  does  not  use  a  fixed  crystal 
and  does  not  employ  a  lot  of  sets  of  planes 
(Laue),  but  the  reflection  is  produced 
on  one  and  the  same  set  of  crystal  planes. 
By  continually  turning  the  crystal  with 
respect  to  the  primary  ray  in  each  case, 
corresponding  to  a  certain  angular  posi- 
tion of  the  crystal,  another  wave-length 
is  removed  from  the  mixture  of  rays  by 
reflection.  In  this  way  all  the  wave- 
lengths contained  in  the  mixture  can  be 
reflected  one  after  another,  and  the  limits 
of  the  spectrum,  as  well  as  the  distribution 
of  the  intensities,  can  be  ascertained. 

Experiments  by  Moseley  and  Darwin, 
according  to  Bragg's  method,  established 
besides  the  continuous  white  spectrum, 
still  another  spectrum,  the  so-called  charac- 
teristic or  line-spectrum  which,  as  con- 
trasted with  the  continuous  spectrum, 
is  not  polychromatic,  but  monochromatic; 
that  is  to  say,  it  consists  only  of  waves  of 
a  single  wave-length.  The  experiments 
proved  that  these  waves  of  the  charac- 
teristic spectrum  are  dependent  on  the 
nature  of  the  anticathode  metal.  They 
are  the  shorter  in  wave-length,  the  higher 
the  position  of  the  anticathode  metal 
IS  in  the  periodic  system  of  the  ele- 
ments. So  this  second  spectrum  is,  on 
the  one  hand,  dependent  on  the  nature 
of  the  anticathode;  on  the  other  hand, 
experiments  have  proved  that  the  condi- 
tions of  its  origin  are  also  connected  by 
rules  with  the  quality  of  the  continuous 
spectrum.  This  last  fact  must  be  especially 
mentioned,  as  conclusions  can  be  drawn 
as  to  the  nature  of  the  line-spectrum, 
from  the  analysis  of  the  continuous  spec- 
trum, if  the  anticathode  is  known.  In 
other  words,  the  qualitative  analysis  of  a 
roentgen  radiation  can  rest  on  the  analysis 
of  the  continuous  spectrum  alone,  under 
the  condition  that  the  metal  of  the  anti- 
cathode is  known. 

THE      NATURE      OF     THE      CONTINUOUS 
SPECTRUM 

De  Broglie  was  the  first  to  analyze  the 
continuous  spectrum  by  Bragg's  method, 
registering  the  reflectecl  intensities  of  the 
single  wave-lengths  on  the  photographic 


plate;  the  black  bands  he  obtained  brought 
proof  of  the  strictly  continuous  course 
of  the  spectrum  for  the  first  time;  but, 
as  Wagner  has  proxed  in  detailed  analyt- 
ical experiments,  they  do  not  e\'en  approxi- 
mately give  the  real  course  of  intensity  of 
the  roentgen  radiation  in  the  spectrum, 
because,  on  the  one  hand,  the  long  wave- 
length parts  produce,  on  account  of  their 
greater  absorption,  blacknesses  which  are 
more  Intense  than  corresponds  with  the 
relative  intensity  with  which  these  waves 
are  contained  In  the  spectrum.  On  the 
other  hand,  some  bands  which  are  sharply 
marked  toward  the  long  wave  side  of 
the  spectrum  and  come  from  the  selective 
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Fig.  I. 

absorption  of  the  Ag  and  the  Br,  are  still 
to  be  found  in  the  blackness  of  the  photo- 
graphic plate.  By  these  bands  the  real 
course  of  the  distribution  of  Intensity  Is 
still  more  distorted.  To  analyze  the  spec- 
trum Duane  and  Hunt  made  use  of  the 
ionizing  method  which  \ery  nearly  ap- 
proaches to  the  real  distribution  of  energy. 
These  exceedingly  important  experiments 
laid  the  foundation  for  rules  which  are 
equally  Important  in  theory  and  in  practice. 
For  these  reasons  we  will  give  them  In  order. 

1.  The  first  experiments  of  Duane  and 
Hunt  led  to  the  fundamental  discovery 
that  the  continuous  spectrum  is  sharply 
marked  toward  the  short  wave-length  side 
with  a  shortest  wave-length  X  (radiation 
head,     minimum    wave-length)     (Fig.    i). 

2.  Duane  and  Hunt  showed  that  from 
this  beginning  of  the  spectrum  the  inten- 
sities of  the   following  longer  waves   rise 
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precipitously  to  a  rather  sharply  marked 
maximum,  that  the  intensities  then  dimin- 
ish more  slowly  toward  the  long  wave- 
length side  and  fall  off  asymptotically 
toward  the  end,  beyond  the  limit 
observation. 

3.  They  found  that  a  certain  potential, 
V,  corresponds  to  the  shortest  wave- 
length X;  by  changing  the  potential,  "V, 
they  found  a  displacement  of  X  in  the 
spectrum,  according  to  a  simple  rule  which 
is  called  "Duane  and  Hunt's  law  of 
displacement."  The  higher  the  potential 
one  applies  to  the  tube,  the  more  the  short 
wave-length  boundary  is  displaced  toward 
the  side  of  the  short  waves.  This  was  in 
keeping  with  the  roentgenological  knowl- 
edge that  the  more  short  wave-length 
components  appear  in  the  radiation,  the 
higher  the  tension  applied.  Duane-Hunt's 
law  now  says  that  the  product  of  the 
shortest  wave-length  and  the  potential  is  a 
constant  K,  whose  value  is  12.300.  That  is 
to  say,  if  the  potential  is  known,  then  the 
shortest  wave-length  of  the  roentgen  radi- 
ation is  also  defmed;  and  vice- versa:  if 
the  shortest  wa\e-length  is  known,  the 
potential  is  given  which  has  produced  the 
roentgen  radiation. 

The    simple    formula    for    this    rule    is 

c 

V.  >o  =  V      =  K  and  is  in  exact  agreement 

in    the  form   V  = 


"o   {))    -, 


ith  the  Planck 
\  c/ 

and   Einstein's  quantum  equation:  eV  = 

K        h' 
hi'.    The    result    of  this  is  that         = 

c         e 

By  these  researches  the  quantum 
character  of  the  radioproduction  in  the 
anticathode  was  cleared  up  at  once.  We 
mention  this  for  the  reason  that  we  shall 
see  farther  on  that  March  could  deduct 
im|X)rtant  conclusions  from  it  as  to  the 
distribution  of  energy  and  the  formation  of 
the  radiation. 

Duane  and  Hunt's  law  of  displacement 
was  corroborated  several  times  by  experi- 
ments; A.  W.  Hull  and  Rice  followed  its 
accuracy  up  to  100,000  volts;  Dessauer 
and  liack,  up  to  a  tension  of  1-0,000  volts. 

1  V  =  potential;  i'  =  maxuiKii  number  ot"  vibrations  per  second; 
K  =  constant. 
Velocity  c  =  velocity  of  light  (a.io"  cm. /sec). 

e  =  charge  of  the  electron  (4.774.10-'"  e.s.) 
h  =  Planck's  constant  (6.52X10-2"  erg.  sec). 


The  last  two  authors  found,  for  instance,  at 
i""0  kilo\"olts  the  minimal  wa\'e-length  = 
0,07055  AE,  while  Duane-Hunt's  law 
requires  the  \alue  Xo  minimum  =  0,072 
AE.  The  agreement  of  the  corresponding 
values  of  X,;,  proved  even  exact  enough  to 
carry  out  accurate  measurements  of 
Planck's  radiation  constant  h. 

4.  Miiller  has  demonstrated  that  Duane- 
Hunt's  law  of  displacement  is  valid, 
independent  of  the  metal  of  the  anti- 
cathode;  Wagner  has  confirmed  this  fact. 

5.  Ulrey  has  found  out  that  the  total 
intensity  issuing  from  an  anticathode 
increases  with  the  second  power  of  the  ten- 
sion (V-),  according  to  pre\'ious  knowledge. 

6.  The  same  disco\erer  has  ascertained 
that  the  form  of  the  spectral  course  of 
intensity  is  extraordinarily  similar,  in 
practical  sense  the  same  for  all  metals  of 
the  anticathode. 

7.  Ulrey  has  further  shown  that  the 
absolute  intensities  from  the  anticathode 
under  the  same  conditions  rise  propor- 
tionally to  the  atomic  number  of  the 
anticathode  metal. 

The  most  important  rules  of  the  con- 
tinuous spectrum  are  thus  shown. 

8.  March  has  given  a  well-considered 
theory  for  the  formation  of  the  spectrum 
of  the  roentgen  radiation  in  the  anti- 
cathode, and  fixed  its  laws.  Duane-Hunt's 
law  has  led  March  to  suppose  that  the 
fate  of  the  electrons,  when  putting  on  the 
brake,  and  also  the  formation  of  the  con- 
tinuous spectrum,  is  regulated  by  a  proc- 
ess determined  by  laws.  First  he  found  out 
that  the  spectrum's  form,  that  is  to  say, 
the  distribution  of  energy,  is  chiefly 
determined  by  the  fate  of  the  fastest 
electrons,  as  the  quantity  of  the  trans- 
formed roentgen  energy  decreases  as  the 
fourth  power  with  the  diminution  of  the 
speed  of  the  electrons  which  strike  the 
anticathode.  The  fastest  moving  electrons 
are  those  which  correspond  to  the  vertex 
value  of  a  current  tension  curve.  If  such  an 
electron  collides  with  the  electrons  and  the 
positive  nuclei  of  which  the  anticathode 
metal  is  certainly  built  up,  its  energy  E, 
according  to  Planck  afid  Einstein,  is 
transformed  into  a  radiation  of  such 
vibration  number  v,  that  E  =  hr;  that  is 
to  sa\,  the  produced  \va\e  is  the  shorter. 
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the  vibration  number  the  larger,  the 
greater  the  energy  which  the  electron  loses 
in  a  single  collision. 

(a)  Should  the  electron  be  stopped 
straight  otY,  at  a  single  impact,  its  loss  of 
energy  is  the  greatest  one  can  have,  and  the 
wave  corresponding  to  the  tension  is 
formed  with  the  largest  vibration  number, 
which  is  precisely  the  shortest  wave- 
length, \„  with  which  the  spectrum  is 
sharply  marked  off. 

(b)  But  if  the  electron  must  go  through 
several  or  many  collisions  until  it  stops, 
then  at  e\'ery  collision  it  gets  rid  of  part 
of  its  energy  E,  that  is  the  energies  Ei, 
E2,  E3,  etc.;  these  part  energies,  too,  trans- 
form themselves  into  radiation  and  into 
radiation  of  such  vibration  numbers  that 
Einstein's  relation  is  fulfilled.  We  have, 
therefore,  Ei  =  h.i^i,  R>  =  h.1'2,  etc. 

These  waves  i'l,  co,  vg,  must  all  have 
smaller  "sibration  numbers  (larger  wave- 
lengths) than  the  boundary  wave-length, 
Xq.  They  range,  therefore,  in  the  part  of 
the  curve  beyond  the  minimum.  From  this 
can  be  seen  that  a  single  electron  can 
produce  either  only  one,  namely  the  wave- 
length Xo,  or  several  longer  waves  than  Xq. 
The  manner  of  the  arrangement  of  the 
longer  waves,  in  the  spectral  region, 
March  recognized  as  taking  place  accord- 
ing to  the  laws  of  probability.  That 
an  electron  loses  its  whole  energy  in  one 
collision  and  the  shortest  wave-length 
is  formed,  will  only  seldom  be  the  case, 
in  comparison  to  those  cases  in  which, 
in  the  regular  structure  of  the  anticathode, 
the  longer  waves  form  themseKes  in  a 
series  of  collisions,  that  the  energy  trans- 
formed into  radiation  has  a  certain  value  E. 
The  oftener  this  is  the  case,  the  greater 
will  the  intensity  be  with  which  the 
wave-length  coordinated  by  Einstein's 
equation  is  contained  in  the  spectrum. 
The  curves  calculated  by  March  agree 
exactly  with  those  found  by  experiment. 

From  these  statements  follows  that  not 
only  the  minimum  wave-length,  but  also 
the  distribution  of  energy  in  the  spectrum 
can  be  deduced  from  the  tension  applied 
to  the  tube.  In  other  words:  by  the 
statement  of  the  wave-length  X^  every 
radiation  gets  its  definite  qualification.  This 
is  very  important  in  practice,  as  from  it 


follows  that  the  chief  object  in  spectro- 
metric  analysis  is  to  ascertain  the  size 
of  the  wave-length  X„.  This  wave-length 
is  that  property  of  the  radiation  which 
gives  it  its  character;  if  the  metal  of  the 
anticathode  is  the  same,  then  radiations  of 
equal  minimum  wave-length  are  qualita- 
tively equal  to  one  another.  If  the  metal 
of  the  anticathode  is  different,  then  the 
radiations  differ  through  the  linear  inten- 
sive wave  components  of  the  characteristic 
spectrum,  the  quality  of  the  continuous 
spectrum  is  the  same.  Therefore,  the 
object  of  this  practice  in  any  quantitative 
use  of  a  radiation  is  to  pay  attention  to 
the  nature  of  the  A.C.  metal  and  to  ascer- 
tain separately  the  working  effect  (radio- 
graphic, biological  working  effect,  dose 
quotient)  of  the  radiations  of  platinum 
and  tungsten  or  any  other  metal  used  as 
A.C;  the  special  quality,  howe\er,  can 
always  be  determined  by  the  wave  X„., 
because  the  characteristic  spectrum  bears 
a  definite  relation  to  it. 

THE  ROENTGEN  SPECTROMETER  BY  MARCH, 
STAUNIG  AND  FRITZ 

I.  Physical  Arrangement.  While  Laue's 
method  makes  use  of  the  inner  planes  of 
a  fixed  crystal,  Bragg's  method  uses  a 
superficial  plane  of  cleavage  of  a  crystal 
which  is  continually  turned,  and  our 
scheme  makes  use  of  the  third  possibility 
of  arrangement,  that  is,  the  reflection  of  a 
bundle  of  roentgen  rays  on  the  inner 
planes  of  a  rotating  crystal. 

From  this  arrangement  se\eral  acKant- 
ages  are  gained  immediately.  The  inner 
planes  are  untouched  by  outside  influences, 
as  contrasted  with  the  outside  planes, 
which  are  usually  defective  and  damaged; 
their  ability  to  reflect  is  more  perfect. 
The  use  of  a  relatively  thinner  crystal 
has  thereby  no  greater  influence  on  the 
absorption  of  the  penetrating  ray  bundle 
than  the  absorption  which  takes  place 
if  reflected  according  to  Bragg's  method. 
By  our  transferring  the  turning  point 
of  the  crystal  into  the  optical  axis,  that  is, 
into  the  plane  of  the  bundle  of  roentgen 
rays,  e\ery  difhculty  of  centering  the 
crystal  is  abolished,  because  in  every 
position  of  the  crystal  that  plane  always 
sets  in  automaticallv  which  sorts  out  the 
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corresponding  wave-lengths  from  the  mix- 
ture of  roentgen  rays  according  to  Bragg's 
relation,  as  far  as  that  wave  is  contained 
at  all  in  the  mixture. 

As  we  are  not  bringing  the  reflected 
wa\es  of  the  continuous  spectrum  to 
absorption  on  the  photographic  plate, 
but  observe  them  in  the  fluorescent 
effect  on  the  screen,  we  gain: 

I.  Direct  insight  into  the  roentgen 
spectrum,  and  can  observe  it  without 
loss  of  time,  without  the  roundabout  way 
of   developing    the    photographic    film    in 


(which  always  has  a  considerable  finite 
extension),  but  from  the  distance  of  the 
shortest  wave-lengths  of  the  two  symmetri- 
cal spectra. 

5.  The  great  sensibility  of  the  adapted 
eye  allows  the  obser\ation  of  the  spectrum 
in  the  dark  room  (or  with  help  of  a  crypto- 
scope  in  daylight)  with  amply  sufficient 
accuracy. 

6.  The  reproduction  of  the  spectrum  on 
the  screen  prevents  the  mistakes  which  are 
connected  with  the  photographic  plate, 
and  allows  a  direct  insight  into  the  distri- 
bution of  intensity  of  the  spectrum, 
because  the  brightness  of  the  interval 
sorted  out  in  each  case  appears  in  pro- 
portion to  the  real  intensity. 


Fig.  2. 

the  dark  room  and  the  sources  of  mistakes 
connected  with  it. 

2.  We  can  look  into  all  parts  of  the  spec- 
trum for  any  desired  length  of  time  and  can 
repeat  the  examination  as  often  as  we  like. 

3.  The  examination  of  different  radia- 
tions of  an  apparatus,  as  is  often  necessary 
in  practice,  can  be  done  immediately, 
and  the  whole  producti\e  power  of  an 
apparatus  can  be  revealed  within  a  quarter 
of  an  hour. 

4.  Through  a  particularly  simple  measur- 
ing mechanism  we  can  ascertain  the  size 
of  the  shortest  wave-length  with  great 
accuracy    and    read    off   directly    from    a 

scale  in  Angstrr)m  units.  The  great  exact- 
ness for  reading  is  due  to  the  fact  that  this 
shortest  wa\'e-lcngth  is  ascertained,  not 
from  Its  distance  ironi  the  primary  bundle 


Fig.  3. 

Of  ail  these  advantages,  the  possibihty 
of  exact  observation  of  the  sudden  appear- 
ance and  disappearance,  and  the  measure- 
ment of  the  absolute  size  of  the  boundary 
wave-length  is,  by  far,  the  most  important, 
because  with  the  knowledge  of  this  wave- 
length, as  we  have  seen,  the  qualitative 
analysis  of  a  radiation  is  exhausted. 

The  technical  arrangement  of  the  instru- 
ment' which  is  enclosed  in  a  small  ray- 
tight  box,  can  be  seen  in  the  drawing  in 
Figure  2. 

II.  Practical  Utilization  0/  I  be  Spectral- 
«  na /y/ ic. ^ /e//)()(/.  The  spectra  la  nal\' tic  meth- 
od has  gi\en  a  simple  characteristic  tor 
every  roentgen  radiation  in  form  of  the 
size  of  the  shortest  wave-length,  X„,  which 
can  be  found  easily.  With  this  designation 

'  The  instrument  may  be  obtained  through  the  Spectrometer 
Vertriebsstelle.  Zentral-Rontgeninstitut  Innsbruck. 
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each  single  radiation,  it  the  anticathode  is 
known,  is  sufficiently  characterized  for 
practical  purposes  and  defined  according  to 
its  quahty.  Herewith  a  way  is  found  which 
leads  to  fruitful  results  for  practical 
roentgenology,  for  the  definition  of  the 
quality  of  a  radiation  is  of  great  importance 
for  radiography,  for  the  radioscopic  method, 
for  the  use  of  the  radiation  in  depth 
therapy,  for  the  measurement  of  the 
effective  tension  and  for  judging  the  work 
done  by  the  apparatus  and  roentgen  tubes. 
III.  Utilization  in  Radiography.  Experi- 
ence has  pro\'ed  that  each  radiogram  needs 
certain  conditions  of  exposure  in  order  to 
attain  its  best  quality.  These  conditions  of 


finally  to  get  a  perfect  system  of  exposure 
for  his  apparatus.  Now  the  testing-  of  the 
apparatus  has  become  much  simpler, 
because  with  the  aid  of  such  a  system  of 
exposure  empirically  worked  out,  we  could 
find  out  qualimetrically  (by  giving  the 
boundary  wave-length,  X^)  and  quanti- 
metrically^  (by  giving  the  necessary  milli- 
ampere  second  product)  the  conditions  of 
exposure  for  all  practicable  adjustments 
in  use. 

The  new  process  of  testing  an  apparatus 
is  now  accomplished  in  a  much  simpler 
way  without  the  help  of  the  empirical 
method;  the  radiations  of  the  apparatus 
with  the  different  settings  are  anahzed  one 


Fig.  4. 

exposure  are  different  for  e\"ery  thickness 
of  the  object  and  density  of  a  part  of  the 
human  body  which  is  to  be  radiographed. 
If  they  are  not  obserxed  the  well-known 
poorly  exposed  plates  result  which  we  know 
as  the  "too  hard"  and  "too  soft"  plates 
(mistakes  of  penetration  or  hardness)  and 
the  plates  with  too  little  or  excessive 
blackening  (under-exposure,  over-expo- 
sure). Up  to  now  the  practitioner  had  to 
help  himself  with  an  empiric  method  to 
get  the  right  values  of  exposure  for  all 
typical  and  atypical  radiograms,  because 
there  was  no  sufficiently  exact  method  of 
assuring  the  quality  of  a  radiation.  The 
practitioner  had  to  create  for  himself  by 
way  of  empiricism,  a  system  of  exposure 
with  the  help  of  a  systematic  procedure, 
for  the  apparatus  he  used;  he  had  to  make 
experimental  exposures  and,  by  slowly 
eliminating  the  errors  in  exposure,  to  try 
to   obtain    better   and    better   plates    and 


Fig.  5. 

after  another  as  to  their  shortest  waxe- 
length  X„,  and  this  wave-length  and  the 
occasional  milliampere  deflection  are  regis- 
tered (this  procedure  for  a  normal  type  of 
roentgen  apparatus  takes  up  a  quarter  of 
an  hour).  With  the  help  of  the  tables 
worked  out  the  densities  of  the  different 
objects  and  the  time  \alues  for  exposure 
are  added  to  the  ascertained  wave-lengths 
within  a  second  quarter  of  an  hour.  That 
is  simply  done  by  dividing  the  milliampere- 
second  product  which  is  to  be  found  in  the 
table  for  exery  radiogram,  by  the  number  of 
milliamperes  which  are  obtained  at  the 
proper  setting.  According  as  short-timed 
exposures  are  wanted,  or  longer  lengths  of 
time,  one  can  get  several  systems  of 
exposure.  The  roentgenograms  obtained 
are  free  from  exposure  faults.  The  lengths 
of  exposure  have  been  fixed  by  us  so  far, 
for  the  Lilienfeld  tube  and  the  ion  tube. 
It  would  be  worth  while,  if  they  could  also 
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be  ascertained  lor  the  CooHdgc  tube  which 
is  not  at  our  disposal  in  Innsbruck.  The 
tables  accompany  each  spectrometer  on 
delivery. 

With  the  help  of  these  experiments 
Fritz  has  discovered  important  qualities 
of  the  roentgen  tube;  there  exist  consider- 
able differences  between  the  amounts  of 
current  according  to  whether  the  ion  tube 
or  the  Lilienfeld  tube  be  used.  To  gain 
exactly  the  same  photographic  effect  by 
the  gas  tube  as  by  the  Lilienfeld  tube,  at  a 
given  boundary  wave-length,  X,,,  the  Lilien- 
feld tube  needs  double  the  number  of  milli- 
ampere  seconds  under  the  same  conditions 
otherwise. 

IV.  Utili/atiun  of  Spectrometric  Arialysis 
Jor  Roentgen  Therapy.  Roentgen  radiations 
can  be  used  in  therapy  either  as  unfiltered 
or  as  filtered  radiations;  as  unfiltered  they 
are  subject  to  the  same  qualitative  definition 
as  in  radiography,  namely,  they  are 
marked,  by  giving  their  boundary  wave  \„, 
as  hard  and  soft  complexes  if  the  anti- 
cathode  is  known.  This  fundamental  mark- 
ing is  valid  in  the  same  way  for  the  filtered 
complexes,  too,  with  the  single  difference 
that  for  these  the  kind  of  filtering  (density 
and  nature  of  the  filtering  metal)  is  still 
added  to  the  statement  of  the  boundary 
wave-length.  First  of  all,  it  is  clear  that 
every  radiation  is  connected  with  a  certain 
effect  on  the  surface  and  in  the  depth  of 
the  body.  Until  now  it  has  not  been  possible 
to  grasp  this  etlect  with  suHicient  accuracy 
because  the  quality  of  the  radiations  could 
not  be  surely  defined.  Only  now,  as  enough 
accurate  quantitative  measuring  methods 
are  known,  'can  the  fixed  standard  of  eflects 
be  allotted  to  certain  quantities  of  a 
certain  radiation.  So  for  instance,  for  every 
unliltered  and  filtered  radiation,  the  allot- 
ted toleration  dose  for  the  skin  is  fixed  once 
for  all.  Even  the  tolerance  of  the  deep- 
lying  normal  organs  of  the  body  can  be 
drawn  into  the  region  of  observation.  The 
biological  effects  which  are  produced  on 
superficially  situated  pathological  processes 
by  dillcrent  doses  of  the  qualitatively 
defined  radiations  can  only  then  be  thor- 
oughly studied.  Above  all,  however,  for 
deep  therapy  a  most  important  point  has 
to  be  considered:  iri  the  case  of  a  given 
quality    oj    rudialion   the  percentage  of  the 


dose  reaching  a  certain  depth  can  be  fixed 
once  Jor  all  by  empiric  measurement.  To 
measure  these  dose  quotients  for  all 
radiations  which  are  to  be  considered  in 
therapy,  and  those  for  the  different  sizes 
of  field  and  focus  distances,  was  the  goal 
for  experiments  which  are  now  nearing 
their  completion.  It  is  easy  now  to  find  out 
the  dose  quotient  for  a  diseased  organ  lying 
at  a  certain  depth,  because  the  tables 
worked  out  give  the  percentage  which 
penetrates  to  the  inner  part  of  the  body 
from  a  superficial  field  for  every  depth. 
The  roentgen  therapist,  by  choosing  a 
suitable  number  of  fields  and  by  choosing 
a  suitable  geometrical  system,  is  now 
enabled  to  achieve  the  necessary  depth 
dose.  Only  now  has  the  radiation  become  a 
therapeutic  method,  whose  composition 
is  known,  and  which  can  be  gi\'en  even 
quantitatively.  The  biological  eftect  in  the 
diseased  organ  itself  and  the  general  effect 
on  the  body  only  now  enter  into  a  reliable 
relation  to  the  dose,  and  it  will  be  the 
problem  of  the  future  to  examine  the  many 
^•arious  results  of  empiricism  by  a  more 
exact  method  of  approach  in  this  respect. 

V.  Measurement  of  Tension.  For  a 
long  time  it  has  been  a  well-known  fact 
to  every  practitioner  that  the  hardness 
of  a  radiation  rises  with  increasing  tension; 
Duane-Hunt's  law  has  now  shown  that 
a  surprisingly  simple  connection  exists 
between  potential  and  boundary  wave- 
length. The  laws  revealed  by  Ulrey  and 
March  enlarge  this  connection  still  more, 
as  they  have  proved  the  dependence  of 
the  quality  of  radiation  on  the  potential. 
Therefore,  the  roentgen  spectrometer  by 
March,  Staunig  and  Fritz  can  also  serve 
as  an  absolute  voltmeter;  this  qualifi- 
cation for  the  mentioned  purpose  is  of 
great  importance  on  this  account,  as  the 
spectrometer  measures  just  the  tension 
which  was  led  to  the  production  of  the 
radiation,  therefore,  that  tension  which 
alone  is  of  \alue  for  the  practitioner; 
for  hin;  it  is  insignificant  how  much 
tension  the  clectrotechnical  instruments 
show,  if  he  cannot  draw  a  reliable  con- 
clusion as  to  the  quality  of  the  radiation 
from  the  indicated  number  of  \'olts.  This 
he  cannot  do  really;  for  on  the  one  hand 
the    tension    is    subicct    to    great    losses. 
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especially  if  the  values  are  high,  losses 
which  occur  on  the  way  between  the  source 
of  tension  and  the  electrodes  of  the  tube; 
on  the  other  hand  one  must  not  forget 
that  every  roentgen  tube  is  a  transformer 
of  energy  which  can  only  exploit  the  poten- 
tial up  to  a  certain  limit.  Judging  by  the 
results  achieved  up  to  now,  this  limit 
seems  to  be  different  in  magnitude  for  the 
different  types  of  tubes.  Therefore,  in 
the  spectrometer  a  means  is  given  which 
enables  even  a  practitioner  to  test  the 
real  efficiency  of  his  apparatus.  For  him, 
only  the  wave-length  is  to  be  considered 
which  the  apparatus  can  produce  at  the 
short  wave  end  of  the  spectrum.  From  it 
he  can  draw  a  reliable  conclusion  as  to  the 
effective  tension,  and  any  other  tension 
is  of  no  essential  interest  to  him. 

SUMMARY 

Summing  up  the  results  of  the  spectro- 
metric  method  in  practice  gained  so  far, 
we  can  say  that  the  new  process  has  already 
led  to  a  far-reaching  uniformity  and  a 
simplification  of  the  methods  in  roent- 
genology. Although  this  method  has  been 
in  use  for  only  a  relatively  short  time, 
still  it  can  already  be  seen  that  it  is  of 
importance  for  all  branches  of  radiology, 
and  there  is  hope  that  its  further  develop- 
ment will  justify  the  expectations.  Of 
course,  there  will  be  no  lack  of  objections 
to  this  method  in  the  future.  We  believe 
that,  especially  at  the  beginning,  the  sche- 
matical  process,  as  we  have  tried  to  give 


it,  will  meet  with  opposition  because  the 
objection  may  be  raised  that  the  discharge 
of  the  tension  curve,  which  so  far  was 
thought  to  be  of  such  great  importance  for 
the  quality  of  the  produced  radiation  in 
the  different  types  of  apparatus,  cannot 
remain  without  considerable  influence  on 
the  relative  composition  of  each  radiation, 
therefore  on  the  curve  of  the  spectrum. 
It  really  is  the  case  that  other  forms  of 
the  tension  course  belong  to  the  different 
types  of  tubes,  the  ion-tubes  on  one 
hand,  and  the  Lilienfeld  and  Coolidge 
tubes  on  the  other  hand,  since  with  the 
ion-tubes,  it  has  to  do  with  the  appearance 
of  an  explosive  tension  which  is  absent 
in  the  electron-tubes.  Therefore,  on  account 
of  the  different  discharges  of  tension,  for 
these  types  of  tubes,  the  necessity  has 
already  resulted,  of  separately  ascertain- 
ing the  quantitative  working  power  for 
each  of  the  same,  with  regard  to  the 
emitted  radiation.  But  it  has  been  shown 
that  even  for  these  types  the  quality  of 
the  radiation,  that  is,  the  form  of  the  curve 
of  the  spectrum,  is  not  obviously  different. 
On  the  other  hand,  the  results  of  testing, 
gained  up  to  now,  and  the  theoretical 
calculations  by  March  have  shown  that 
an  influence — considerable  for  practice — of 
the  current  tension  curve  on  the  distribu- 
tion of  intensity,  as  has  been  ascribed  to 
the  different  types  of  apparatus,  is  not  due 
to  them,  or  only  In  so  small  a  degree  that 
it  is  to  be  neglected  for  practical  utiliza- 
tion of  the  radiations. 
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I^HIS  paper  is  a  preliminary  report  of 
^  some  data  obtained  in  the  study  of  the 
intensity  of  penetrating  .v-rays  as  measured 
at  various  depths  in  a  phantom  of  water. 
The  reason  for  giving  it  is  to  provoke 
a  discussion  which  we  hope  will  result 
in  certain  standards  of  measurement  ot 
-v-ray  intensity  being  adopted. 

We  were  interested  in  knowing  the 
penetration  of  .v-rays  produced  by  our 
high  \oitage  .\-ray  machine.  The  literature 
on  measurements  of  intensity  as  dehvered 
by  x-ray  bulbs  was  reviewed  and  com- 
parisons    were     made     of    the     intensity 


that  we  obtained  for  200,000  volts,  maxi- 
mum, filter  1.3  mm.  Cu.  and  i  mm. 
Al.  at  50  cm.  from  the  target  to  the  surface 
of  the  water,  which  is  similar  to  Dr. 
Dessauer's  set-up,  was  .137;  while  Dr. 
Dessauer  reports  that  the  coefficient  of 
absorption  of  water,  used  in  arriving  at 
the  \alue  of  ^j  per  cent  was  .140.  This 
shows  that  the  average  wave-lengths  that 
we  were  using  were  as  penetrating  as 
those  used  by  Dr.  Dessauer.  In  other 
reports  of  penetration  measurements,  the 
technique  of  the  set-ups  was  such  that 
we   were   unable  to   make   checks.   These 


Grass  cjn/e3s  3oecif/sd 
Fig.  1.  Modification  of  Kroenig  and  Fricdrich's  ionization  chamber. 


reaching  a  depth  of  5  and  10  cm.  below 
the  surface  of  a  phantom  of  water.  Of 
all  the  work  we  ha\'e  been  able  to  review, 
the  various  investigators  disagree  among 
themselves  as  to  percentages  of  intensity 
reaching  a  gi\en  depth  in  a  phantom  of 
water,  having  used  the  same  set-up. 
We  have  tried  checking  some  data  that 
we  found,  but  have  been  unable  to  obtain 
comparable  results.  In  some  instances 
our  penetration  percentages  differed  widely 
from  those  reported.  We  made  a  similar 
set-up  to  one  used  by  Dr.  Dessauer  in 
reporting  55  per  cent  of  the  surface 
intensity  10  cm.  below  the  surface.  Our 
measurements  ga\c  us  43.5  per  cent 
when  we  measured  the  surface  intensitv 
with  the  ionization  chamber  half  sub- 
merged in  a  phantom  of  water.  The 
average  coeflicient  of  absorption  of  water 

*  Read  at  the  Midwinter  Meeting  of  the  Eastern  Section  of 
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inconsistent  penetration  experiments  led 
us  to  investigate  the  \ariations,  if  any, 
of  the  surface  intensity.  Since  penetration 
percentages  are  obtained  by  comparing 
the  intensity  on  the  surface  to  the  intensity 
at  given  depths,  it  is  necessary  that  we 
all  have  the  same  starting  point.  \\'e  will 
show  that  it  is  important  to  know  definitely 
how  the  surface  intensity'  is  measured. 
Our  ionization  chamber  was  modelled 
after  one  used  by  Friedrich  and  Kroenig, 
except  for  minor  changes.  W  e  chose  this 
style  of  ionization  chamber  with  the  \iew  of 
comparing  our  results  with  those  reported 
by  Friedrich  and  Kroenig,  and  because,  on 
account  of  its  size,  intensity  changes 
with  small  changes  in  position  can  be 
determined.  Figure  i  shows  the  ioniza- 
tion chamber  drawn  to  size.  Figure  2 
shows  a  schematic  diagram  of  measuring 
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apparatus  as  set  up.  The  ionization  cham- 
ber is  placed  under  the  center  of  the  x-raj' 
bulb  in  an  open  field,  and  the  electrode 
connected  to  a  wire  in  a  flexible  metal 
tube  going  through  an  i8-in.  brick  wall 
to  an  electroscope  with  a  ground  glass 
screen  for  obserxing  the  image  of  the  gold 
leaf  of  the  electroscope  as  projected  by 
a  lens.  This  separation  by  a  brick  wall 
keeps  stray  radiation  from  the  electro- 
scope and  protects  the  operator  in  making 
measurements.  The  ionization  chamber, 
flexible  cable  and  electroscope  are  suffi- 
ciently   well    insulated    to    make    possible 


chamber  while  readings  are  being  made. 
The  diameter  of  the  cap  of  the  ionization 
chamber  is  12  mm.,  so  that  when  the 
cap  is  placed  on  the  surface  ot  the  water, 
the  center  line  of  the  electrode  is  6  mm. 
above  the  surface.  When  the  cap  of  the 
ionization  chamber  is  half  submerged, 
the  center  line  of  the  electrode  of  the  ioni- 
zation chamber  is  in  line  with  the  surface 
of  the  water.  The  distances  5  cm.  and  10 
cm.  as  shown  in  Figure  3,  refer  to  the 
measurements  made  from  the  surface  of 
the  water  to  the  center  line  of  the  electrode 
of  the  ionization  chamber. 


-JSO' 
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Fic.   2.  Schematic  arrangement  of  apparatus  for  measuring  .v-ray  intensity. 


measurements  disregarding  the  natural 
leak  of  the  system.  The  leak  of  the  system 
is  such  that  when  charged  to  about 
300  volts,  the  leaf  of  the  electroscope 
will  change  its  position  on  a  screen  134 
cm.  distant  at  the  rate  of  i  cm.  per  hour 
and  a  half.  As  the  time  for  the  leaf  to 
travel  the  same  distance  while  taking 
readings  is  about  50  seconds  as  a  maximum, 
the  natural  leak  is  less  than  i  per  cent.  The 
electroscope  was  repeatedly  checked  with 
radium  and  found  to  be  constant  in 
readings  to  within  .4  per  cent  as  checked 
by  various  operators. 

Our  set-up  was  the  same  in  all  our 
work,  consisting  of  200,000  volts,  maxi- 
mum, 4  ma.,  0.62  mm.  Cu.  and  i  mm. 
AI.  (filter  placed  30  cm.  from  target)  and 
the  distance  from  the  target  to  the  water 
surface  was  50  cm.  Figure  3  shows  the 
various  positions  taken  by  the  ionization 


Our  method  of  taking  measurements 
is  to  start  out  with  the  ionization  chamber 
in  air,  and  then  to  place  the  ionization 
chamber  on  the  surface  of  the  water,  half 
submerged,  fully  submerged,  5  mm.,  5 
cm.  and  10  cm.  below  the  surface  of  the 
water.  The  path  of  the  ionization  chamber 
is  then  reversed  as  10  cm.,  5  cm.  and 
5  mm.  below  the  surface,  fully  submerged, 
half  submerged  and  on  the  surface  of 
the  water,  and  then  in  air.  Two  readings 
of  each  position  are  taken  and  these  two 
sets  of  readings  averaged.  This  makes 
at  least  four  readings  of  each  position. 
Twenty  different  determinations  of  per- 
centages have  been  made  for  each 
position,  making  in  all  eighty  readings 
for  each  position.  Assuming  100  per  cent 
for  fully  submerged,  the  position  having 
the  greatest  intensity,  the  following  is 
obtained: 
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Position 

Percentages 
Variation, 
Per  Cent 

In  air 

On  surface 
Half  submerged. 

66.4 
95-7 

Fully  submerged. . 

lOI)    0 

5  mm.  below  surface 

y7.7 

It  is  seen  that  33.6  per  cent  of  the  inten- 
sity is  due  to  the  scattered  and  secondary 
radiation    produced    by    the    water.    The 
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chamber  half  submerged  in  water,  which 
means  that  the  center  line  of  the  electrode 
is  in  line  with  the  surface  of  the  water. 
However,  we  see  that  there  is  a  i  .5  per  cent 
greater  value  fully  submerged  than  half 
submerged,  and  a  4.3  per  cent  greater 
value  fully  submerged  than  on  the  surface. 
The  ionization  chamber  going  from  on  the 
surface  of  the  water  to  fully  submerged 
has  moved  awav  from  the  target  a  distance 
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Fig.  3 

intensity  of  .v-rays  on  the  surface,  then,  is 
not  only  incident  radiation  in  air  but 
the  scattered  and  secondary  radiation 
produced  by  the  water,  or  tissue,  efTecti\e 
in  producing  an  erythema.  The  variation 
on  the  surface  may  account  for  some  of  the 
variable  results  that  are  found  in  penetra- 
tion experiments.  What  value  are  we  to 
assume  as  our  100  per  cent,  or  the  intensity 
of  x-rays  cflectivc  in  producing  an  ery- 
thema? When  we  began  measurements, 
it  seemed  reasonable  to  place  the  ionization 


of  12  mm.  and  yet  gives  4.3  per  cent  higher 
intensity.  From  the  inverse  square  law,  an 
increased  distance  of  12  mm.  should 
decrease  the  intensity  from  100  per  cent  on 
the  surface  to  96  per  cent,  fully  submerged; 
but  we  actually  get  104.3  P^""  cent.  There 
is  then  an  increase  of  radiation  of  8.3  per 
cent  due  to  scattered  and  secondary 
radiation  which  is  effccti\"e  in  producing  an 
erytiienia.  There  is  also  an  actual  increase 
of  intensity  of  4.3  per  cent  from  the  surface 
of  the   water  to   fullv   submersed   and   if 
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penetration  experiments  are  reported  witl^- 
out  giving  the  exact  position  of  the  ioniza- 
tion chamber,  both  on  the  surface  and  at 
various  depths  in  the  water,  it  is  impossible 
for  any  other  experimenter  to  check 
the  reported  penetration  percentages. 
The  dimensions  of  the  ionization  chamber 
will  also  cause  a  variation  and  should  be 
reported.  If  these  data  are  not  gi\en,  the 
value  of  a  report  is  greatly  reduced,  and  in 
fact  the  data  might  be  misleading. 

We  have  made  some  computations  of 
ten  series  of  measurements  showing  with 
the  same  data  that  four  difl'erent  values 
can  be  obtained  for  the  percentages  of 
x-rays  reaching  5  cm.  and  10  cm.  below 
the  surface  of  water  (5  and  10  cm.  referring 
to  the  distance  from  the  surface  of  the 
water  to  the  center  line  of  the  electrode 
inside  the  cap  of  the  ionization  chamber). 
In  making  these  computations,  we  have 
considered  the  incident  radiation  measured 
in  air,  on  the  surface,  half  submerged  and 
fully  submerged  each  as  100  per  cent  and 
then  computed  a  corresponding  percentage 
of  intensity  at  5  and  10  cm.  below  the 
surface  for  each  of  the  positions  considered 
as  100  per  cent.  The  following  table,  shown 
by  Figure  4,  gives  the  results: 


Assuming  loo  Per  Cent 

Percentages  Obtained  when 

for  the  Following 
Positions 

5  Cm.  Below     10  Cm.  Below 
Surface,      i        Surface,  1 
Per  Cent           Per  Cent  ' 

In  air 

On  surface 

Half  submerged 

Fully  submerged 

108.1 

74.9 
73-7 
70.7 

60  2 
41.8 
41  .0 
39-4 

There  are  enough  variable  factors  in 
deep  .v-ray  therapy  which  will  remain 
more  or  less  variable,  but  here  are  variables 
which  can  be  standardized.  Recently,  in 
conversation  with  Professor  Russ, 
Physicist  to  the  Middlesex  Hospital, 
London,  he  expressed  himself  as  being  in 
favor  of  some  set  of  standards  of  intensity 
being  established.  If  standards  are 
established  and  we  all  cooperate,  penetra- 
tion percentages  are  going  to  agree  more 
nearly  and  we  are  all  going  to  be  able  to 
understand  each  other.  Such  an  outline  of 
standards  misht  be  as  follows: 


1.  The  quality  and  dimensions  of  the 
ionization  chamber. 

2.  The  phantom  to  represent  the  tissue. 

3.  The  exact  position  of  the  ionization 
chamber  on  the  surface  of  the  phantom  in 
determining  the  100  per  cent  intensity 
measurements. 

4.  The  exact  position  of  the  ionization 
chamber    in    a    phantom    when    making 


Po3/f/or) 

lO^'r 

66.4-  "'- 

Oo  Sar/ace 

95.71 

Ha/fJadmer^ed 

95.5  Z 

Fa/// 3i/bmerged 

/oo°/o 

3.  ^  m  be/orr  Mr/ace 

977  1 

for 

ro//oyriQg  posifio^ 

/^erce/y/^ages  obi^a/Qed  w/jej     | 

Sc'r>  behrr  .sur^acs 

/0cm  Oe/orf  sar/hce 

lOt^'r 

/03./Z 

60.Z  I 

Oo  Surface 

74.9  Z 

Al.dl 

/-/a/fSc/ibmcrffed 

73.7  Z 

dl    I 

H//// Sl/brr>er^ed 

70.71 

39.41 

Fit..  4. 

depth  measurements,  that  is,  whether  the 
measurements  refer  to  the  surface,  or 
center  line  of  the  ionization  chamber. 
About  fifteen  years  ago,  the  Illuminating 
Engineers  of  America  were  in  about 
the  same  position  as  the  roentgenologists 
are  to-day.  Their  standards  of  measure- 
ments were  somewhat  similar  from  one 
industrial  firm  to  another,  but  there  was 
just  enough  difference  between  the  stand- 
ards used  by  each  to  make  a  serious 
difficulty  in  understanding  each  other. 
About  191  o,  the  Illuminating  Engineers 
met  and  drew  up  a  set  of  standards. 
There  soon  followed  what  is  called  Mazda 
Service,  an  organization  for_  keeping  each 
firm  in  touch  with  various  improvernents 
from    one    factorv    to    another,    providmg 
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of  course  the  firm  happened  to  be  a  member 
of  this  organization.  There  has  grown 
out  of  this  close  cooperation,  increased 
business,  more  efliciency  and  better  lamps. 
Summing  up  the  points  that  we  have 
tried  to  bring  out: 

1.  It  has  been  shown  experimentally 
that  there  is  an  increase  in  incident  ray 
intensity  as  falling  upon  the  surface  of 
water  over  the  incident  ray  measured  in 
air,  of  33.6  per  cent,  when  measured 
with  the  ionization  chamber  just  under 
the  surface  of  the  water.  This  increase 
in  intensity  must  be  taken  into  considera- 
tion in  representing  surface  intensity, 
or  intensity  of  .\'-rays  producing  an  ery- 
thema. 

2.  It  is  shown  experimentally  that  there 
is  a  variation  of  intensity  measurements 
as  recorded  by  an  ionization  chamber 
going  from  the  surface  of  a  phantom  of 
water  to  fully  submerged. 

3.  It  has  been  shown  experimentally 
that  due  to  the  variations  of  the  surface 
intensity,  there  is  a  ^■ariation  in  pene- 
tration percentages. 

4.  These  variations  in  penetration  per- 
centages can  be  overcome  by  the  adoption 
of  standards  governing  the  quality,  size 
and  position  of  the  ionization  chamber 
in  making  measurements  in  a  standard 
pliantom. 

DISCUSSION 

Mk.  Failla.  Mr.  Weatherwax  has  just 
shown  you  that  variations  of  several  per  cent 
occur  in  the  results  of  ionization  measurements 
by  the  mere  choice  of  one  position  or  another 
for  the  ionization  chamber,  to  represent  the 
skin  dose  in  a  water  phantom.  Which  position 
siiould  be  taken  to  approximate  as  closely  as 
possible  the  radiation  which  is  effective  in 
producing  an  erythema  depends  more  or  less 
on  the  personal  opinion  and  judgment  of  the 
experimenter.  DilTerences  arising  from  this 
source,  however,  arc  small  and  practically 
negligible  in  comparison  to  errors  which  may 
be  present. 

The  problem  ol  ionization  measurements  in 
radiothcrapv  ma\'  be  clixided  into  two  parts: 
(i)  One  in  which  the  object  is  to  obtain  data 
regarding  the  amount  of  radiation  reaching 
dillerent  tissue  depths  under  \arious  conditions 
of  treatment.  (2)  One  in  which  the  obiect  is  to 
make  sure  that  the  dose  which  has  been  decided 
upon  is  actually  administered  to  the  patient.  I 


am  of  the  opinion  that,  for  the  present  at  least, 
h,is  inad\isable  for  the  radiologist  to  attempt 
to  make  his  own  dosage  charts.  It  is  best  for 
him  tf)  take  the  data  which  has  been  published 
by  diflerent  investigators  and  work  out  arerage 
dosage  charts  for  the  conditions  which  apply  as 
nearly  as  possible  to  his  machine.  In  regard  to 
part  2  of  the  problem,  for  dosage  purposes,  I 
think  some  form  of  iontoquantimeter  should  be 
used  in  addition  to  the  instruments  now  in  use 
(milliammeter,  spark  gap,  etc.).  For  this  pur- 
pose, however,  I  think  it  is  preferable  to  use  a 
iairlv  large  ionization  chamber  which  can  be 
attached  to  the  tube  holder  and  does  not  require 
a  \er\  sensitive  measuring  instrument.  I  have 
made  an  ionization  chamber  8  X  10X2  in., 
which  fits  into  the  filter  holder  of  the  .\-ray  ma- 
chine, and  even  with  a  copper  filter  produces  a 
current  sufficiently  large  to  be  measured  by  an 
ordinary  galvanometer.  Dr.  Duane  used  a  simi- 
lar device  some  years  ago,  but  the  galvanom- 
eter was  of  a  high  sensitivity  type  which 
requires  very  much  more  care  than  the  one  I 
am  using  now.  This  point  is  of  considerable 
importance  if  the  instrument  is  to  be  used  in 
a  doctor's  office  instead  of  in  a  physical  labo- 
ratory. 

Prof.  Du.a.ke.  I  was  very  much  interested 
in  Dr.  Weatherwax's  estimate  of  depth  dose  (at 
a  distance  of  10  cm.  below  the  surface)  of 
something  like  41  per  cent.  I  would  like  to 
know  how  large  the  field  was,  and  also  it  the 
natural  leak  of  the  instrument  was  determined 
with  the  -V-ray  tube  running.  If  not  running,  the 
natural  leak  measurement  is  of  very  little 
importance.  The  natural  leak  must  be  taken 
with  the  tube  running  and  something  to  cover 
the  chamber  so  as  not  to  get  the  direct  rays 
from  the  tube. 

There  is  no  question  about  the  ad\antage  of 
a  small  ionization  chamber  for  certain  purposes. 
Friedrich's  chamber  is  superior  to  my  own  on 
that  account  for  certain  experiments. 

In  regard  to  the  use  of  carbon:  Nine  years 
ago  I  was  using  carbon  plates  for  reducing 
secondary  radiation.  In  regard  to  the  question 
of  direction  of  the  rays  passing  through  the 
chamber,  the  effects  are,  as  you  know,  in 
the  case  of  Friedrich's  chamber  pretty  much  the 
same  whether  the  rays  go  through  the  side  or 
end.  As  to  just  what  the  effect  would  be,  if 
the  rays  came  from  the  end  where  the  large 
cable  is  attached  to  the  chamber,  I  am  not 
quite  clear.  I  have,  of  course,  made  a  number  of 
experiments  with  my  own  ionization  chambers 
with  the  rays  going  through  in  diflerent 
directions.  Whether  they  produce  greater  or 
less  current  depends  upon  the  thickness  ot  the 
plates,  the  size,  the  shape,  etc. 
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We  are  all  \'ery  much  pleased  tu  ha\e  men 
from  other  countries  come  here  and  talk  to  us 
and  give  us  the  results  of  their  measurements 
along  the  lines  we  are  following  here. 

Dr.  VVeatherwax  (closing  discussion).  In 
answer  to  the  question  Dr.  Duane  has  asked 
as  to  the  measurement  of  leakage  while  the 
tube   was   running — this  was  not  done.   I   do 


not  feel  that  this  would  change  the  results  very 
much,  because  the  field  that  we  could  possibly 
get  from  above  was  only  i6  cm.  in  diameter; 
that  was  the  largest  possible  field  we  could  get, 
and  it  certainly  would  not  make  any  difference 
in  the  changes  that  we  got  on  the  surface  of  the 
water.  It  might  make  a  difference  in  the  depth. 
This  point  is  to  be  tested  and  reported  on  later. 


DISCUSSION  ON  PAPER  BY  PROF.  WILLIAM  DUANE  ON  MEASURE- 
MENT OF  DOSAGE  BY  MEANS  OF  IONIZATION  CHAMBERS* 


Dr.  Glasser.  I  thank  you  very  much  for 
your  kind  invitation  to  speak  before  the  Society 
here,  and  especially  for  the  honor  of  openmg 
the  discussion  on  the  paper  of  one  of  the  fore- 
mast physicists  in  the  .v-ray  field,  Prof.  Duane. 
It  is  only  the  fact  that  I  was  acti\e  for  nearly 
six  years  in  the  field  of  both  practical  and  abso- 


to  take  this  opportunity  to  thank  all  those  men 
for  their  kindness. 

From  the  presentation  of  Prof.  Duane's 
excellent  paper  you  have  already  become 
acquainted  with  the  fundamental  principles  of 
his  method  of  measuring  the  quality  and  quan- 
tity of  .x-rays.  I  should  like  to  answer  briefly 
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lute  dosage  of  the  shorter  wave-length  rays 
while  assistant  to  Professors  Friedrich  and 
Dessauer,  \shich  made  it  possible  for  me  to 
accept  your  invitation.  My  six  months'  stay 
in  this  country  and  my  duties  in  the  Howard 
A.  Kelly  Hospital  in  Baltimore,  as  well  as  the 
kindness  of  all  the  physicians  in  the  hospitals 
and  factories  which  I  visited,  ha\e  enabled  me  to 
become  fairly  well  acquainted  with  the  state 
of  affairs  in  this  field  in  America.  I  would  like 


some  questions  with  regard  to  the  difference 
between  the  Duane  measuring  arrangement 
and  the  Friedrich  iontoquantimeter.  I  hope 
that  the  two  drawings  in  Figure  i  will  make 
clear  my  meaning. 

Duane  measures  the  current  passing  between 
aluminum  electrodes  in  the  ionization  chamber 
DI.  This  current  is  sent  through  by  the  battery 
B  and  its  strength  depends  on  the  ionization 
in  the  chamber.  The  measuring  instrument  A 


*  This  paper  appeared  in  the  May  number  of  the  Journal. 
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is  similar  to  a  milliammeter,  except  that  its 
sensitivity  is  about  100,000  times  as  great.  The 
galvanometer  circuit  is  completed  when  radi- 
ation enters  the  ionization  chamber  and  then  a 
steady  deflection  of  the  calibrated  galvanom- 
eter is  produced.  The  magnitude  ol  the  deflec- 
tion, together  with  the  time  of  exposure  to  the 
rays  gives  a  measure  of  the  dose.  The  advan- 
tages of  the  method  are:  (i)  The  arrangement 
is  very  sensitiv'e,  (2)  it  gives  a  steady  deflection 
of  the  galvanometer  pointer  and  therefore  is 
easy  of  observation.  Both  surface  and  depth 
dose  can  be  measured  under  fixed  conditions, 
the  latter  only  in  a  water  phantom.  The  dis- 
advantages are:  (i)  The  use  of  a  relatively  large 
ionization  chamber  (I  shall  come  back  later  to 
the  difficulty  of  measuring  accurately  with  it), 
(2)  it  is  very  difiicult  for  the  practical  man  to 
make  proper  use  of  the  extremely  sensitive 
galvanometer  (this  is  borne  out  by  the  experi- 
ences of  which  Dr.  Pfahler  spoke  at  the  Detroit 
meeting),  (3)  fluctuations  in  the  line  voltage 
and  current  cause  variations  m  the  intensity 
of  the  rays  and  therefore  variations  m  the  gal- 
vanometer reading;  therefore  the  mean  \-alue 
of  the  deflection  has  to  be  taken  for  the  cal- 
culation of  the  dose. 

At  the  upper  right-hand  corner  of  Figure  i 
you  see  the  schematic  representation  of  the 
Friedrich  iontoquantimeter  arrangement.  FI  is 
the  little  horn  ionization  chamber.  It  has 
approximately  }io  of  the  volume  of  the  Duane 
ionization  chamber.  The  inner  electrode  is  con- 
nected with  an  electrometer  which  works  lust 
like  an  ordinary  gold-leaf  electroscope.  This, 
together  with  the  inner  electrode,  must  be 
charged  by  means  of  a  special  charging  device. 
On  account  of  the  ionization  in  the  chamber 
the  charge  passes  to  the  wall  of  the  chamber, 
which  is  grounded;  the  potential  of  the  elec- 
trometer goes  back  to  zero.  The  time  required 
for  the  pointer  to  go  back  gives  a  measure  of 
the  applied  dose.  The  advantages  of  this 
method  are:  (i)  The  use.  of  a  very  small 
ionization  chamber  which  can  even  be  intro- 
duced into  body  cavities.  Thus  the  depth  dose 
can  be  measured,  not  only  in  a  water  phantom, 
but  in  the  body  itself,  during  the  treatment. 
(2)  The  less  sensitive  indicating  instrument  is 
much  better  for  practical  purposes;  it  auto- 
matically records  variations  in  the  intensity. 
A  disadvantage  is  the  longer  time  consumed  to 
charge  and  read  the  instrument. 

\\  ith  regard  to  Prof.  Duane's  mctlind  I 
should  like  especiall\'  to  mention  the  elegant 
manner  of  measuring  the  quality  of  the  radia- 
tion by  determining  the  "eifective  wave- 
length." This  method  is  similar  to  the  Dessauer 
method  of  measuring  the  absorption  coefficient 
/i    for    water    with    the    Bachem  electroscope. 


However,  Duane's  method  has  the  advantage 
that  with  the  same  ionization  chamber  he  can 
also  measure  surface  and  depth  doses.  Of 
course  these  can  also  be  measured  with  the 
Friedrich  ionization  chamber. 

Coming  to  this  method  of  measuring  the 
intensity  or  quantitj"  of  the  rays:  In  the  dif- 
ferent constructions  of  ionization  chambers 
which  I  have  made  so  far,  I  have  always 
noticed  that  two  things  must  be  taken  into 
consideration  for  measuring  depth  doses.  The 
first  of  these  is  the  question  of  the  so-called 
"direction  effect,"  which  was  first  noticed  by 
docker.  Permit  me  to  explain  this  statement 
by  means  of  the  diagram  in  the  lower  half  of 
Figure  i.  It  shows  a  Duane  ionization  chamber. 
The  rays  falling  perpendicularly  on  the  cham- 
ber are  denoted  by  a,  those  falling  axially  by  b. 
It  has  now  developed  in  most  cases  that  radia- 
tion of  a  given  strength  falling  on  the  chamber 
in  the  direction  b  produces  a  much  greater  cur- 
rent in  the  chamber  than  rays  of  the  same 
strength  incident  in  the  direction  a.  (Excep- 
tions are  sphere  ionization  chambers.)  A  few 
comparative  values  are  given:  docker  found 
for  an  ordinary  chamber  a  ratio  of  the  two 
measured  intensities  of  1:3,  Statz,  a  ratio  of  3:5 
and  Friedrich  and  Glasser,  for  their  small  horn 
ionization  chamber,  1:1  (of  course  only  in 
measuring  such  rays  as  do  not  run  in  the  same 
direction  as  the  feeding  cable).  In  other  words, 
there  was  no  "direction  effect."  You  will  realize 
that  it  is  a  matter  of  great  importance  that  the 
measuring  chamber  should  be  so  constructed 
that  radiation  incident  in  any  direction,  e.g.,  in 
the  case  of  the  scattered  radiation,  shall  produce 
equal  ionization  for  equal  intensity.  In  the  case 
of  the  surface  dose  the  main  efl^ect  is  produced 
by  the  primary  rays,  which  are  undirectional. 
In  the  case  of  the  depth  dose  the  main  effect  is 
produced  b\'  the  scattered  rays,  which  come 
from  all  directions.  If  the  ionization  chamber 
shows  the  "direction  effect"  the  depth  dose  in 
percentage  of  the  surface  dose  will  undoubtedly 
be  measured  inaccurately.  Standardizing  of  such 
small  ionization  chambers  by  comparison  with 
very  large  chambers,  which  can  be  built  without 
"direction  eff"ect,"  takes  this  eft'ect  of  the  small 
chamber  into  account  only  if  the  position  of  the 
small  chamber  in  the  body,  phantom,  etc., 
is    always    exactly   indicated. 

The  second  demand  which  is  made  of  a 
chamber  measuring  ionization  is  that  It  have 
the  smallest  possible  volume.  This  point  was 
lirst  emphasized  by  Dessauer,  who  showed 
that  the  introduction  of  a  relatively  large 
extraneous  object  into  the  body  causes  radical 
changes  in  the  conditions  of  scattering  and  thus 
makes  impossible  a  correct  determination  of 
the  true  depth  dose.  Figure  2  shows  the  results 
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of  measurements  w  liich  I  made  some  years  ago 
in  order  to  determine  what  mfluence  air  in- 
cluded in  the  i)ody  (e.g.,  in  the  case  of  the  lungs) 
has  upon  the  deptii  dose.  An  air  volume  V,  ot 
about  twice  the  size  of  the  Duane  chamber, 
was  placed  at  difterent  points  in  the  water 
phantom  W,  and  under  the  same  conditions 
of  radiation  in  each  case  the  depth  dose  under 
the  phantom  was  measured  with  a  Friedrich 
ionization  chamber,  as  shown.  Below  are  shown 
the  relative  values  of  these  depth  doses.  You 
can  readily  see  what  a  great  influence  the  posi- 
tion of  the  air  volume  has  upon  the  depth  dose 
solely  through  a  change  in  the  scattering  con- 
ditions, for  the  radiation  passes  always  through 
the  same  layer  of  water.  It  would  be  interesting 
to  know  whether  such  differences  of  scattering 


the  7-rays  of  radium.  It  must  be  said,  however, 
that  as  rays  of  different  hardness  can  produce 
different  biological  effects,  it  remains  necessary 
to  measure  the  quality  of  the  radiation.  But, 
necessary  as  this  specification  of  hardness  may 
be,  it  involves  great  difficulties,  partly  of  a 
technical  nature  and  partly  due  to  phenomena 
which  science  as  yet  is  not  able  fully  to  explain. 
I  will  only  mention  that,  according  to  recent 
investigations  by  Compton  and  Cro\\ther,  it 
must  be  suspected  that  the  scattered  rays  may 
have  a  different  quality  from  that  of  the  pri- 
mary radiation.  \'ou  can  see  what  a  great  influ- 
ence this  would  have  on  the  measurement  of 
the  dose.  Certainly  in  this  case,  as  in  the  case 
of  many  practical  questions,  that  ionization 
chamber   which   measures   the   dose   correctly 
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distribution  occur  in  using  Prof.  Duane's  cham- 
ber. Certainly,  on  account  of  the  presence  of  the 
various  layers  of  aluminum  and  on  account  of 
the  smaller  air  volume,  the  effect  will  be  much 
smaller;  nevertheless  it  seems  to  me  that  the 
small  depth  dose  of  33  per  cent  under  normal 
conditions,  which  Pfahler  measured  with  the 
Duane  chamber,  as  he  mentioned  in  Detroit, 
can  be  traced  to  the  fact  that  this  chamber  did 
not  measure  the  real  amount  of  scattered 
radiation. 

The  third  point  I  want  to  mention  is  that  all 
the  measurements  with  the  Duane  arrangement 
involve  a  fixed  technique,  with  regard  to  effec- 
tive wave-length,  focus  skin  distance,  size  of 
field,  etc.  Friedrich  wants  to  avoid  this,  and 
he  has  succeeded  in  doing  so  with  the  horn 
chamber.  I  am  sorry  that  I  can  not  go  more 
into  detail  on  these  points.  The  horn  chamber 
measures  the  intensity  practically  independent 
of  the  hardness  of  rays  now  in  use.  Experiments 
which  we  ha\e  made  at  the  Howard  A.  Kelly 
hospital  have  shown  tiiat  this  independence  ol 
dose  and  wave-length  is  valid  even  down  to 


independent  of  all  these  factors,  would  be 
given  the  preference. 

All  in  ail,  it  seems  to  me  that  a  very  small 
horn  ionization  chamber  has  many  advantages 
over  a  larger  one  of  any  other  material.  It  serves 
the  purpose  of  the  physician  better,  in  that  he 
can  introduce  it  even  into  body  cavities  and 
watch  the  indicating  instrument  during  the 
whole  treatment;  the  physicist  will  give  the 
horn  chamber  the  preference  for  the  reasons 
enumerated  above.  Aloreover,  any  small  cham- 
ber, as  well  as  a  larger  one,  can  be  standardized 
by  means  of  a  very  large  one,  as  Duane, 
Holthusen,  Friedrich  and  Glasser  have  shown. 
I  have  a  paper  in  the  January  number  of  your 
Journal  in  which  such  standardizing  experi- 
ments with  a  very  large  ionization  chamber 
are  described  in  great  detail. 

A  few  words  as  to  the  measuring  instrument: 
With  the  small  horn  chamber  an  electroscope 
must  be  used,  for  even  the  most  sensitive  gal- 
\anometer  would  here  detect  practically  no 
current.  Nevertheless  modern  science  has 
made  it  possible  to  measure  the  current  of  a 
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small  horn  ionization  chamijcr,  and  that  not 
with  a  delicate  highly  sensitive  galvanometer, 
but  with  an  ordinary  instrument  only  a  little 
more  sensitive  than  a  milliammeter.  You  all 
know  from  your  radio  sets  the  amplifying 
tubes  which  are  used  to  magnify  the  small 
currents  received  by  the  antennae.  The  same 
thing  is  possible  in  the  case  of  the  small 
current  in  the  ionization  chamber;  and  arrange- 
ments embodying  this  principle  have  already 
been  employed  in  Europe.  I  would  like  to 
call  your  attention  to  such  an  arrangement 
in  Figure  3,  which  is  manufactured  by  the 
firm  of  Siemens  and  Halske.  The  ionization 
current  of  the  small  Friedrich  chamber  K  is 
magnified  approximately  100,000  times  by  the 


go  more  into  detail  on  this  point.  According  to 
Prof.  Duane's  observations,  his  number  e  does 
not  agree  with  Friedrich's  for  a  given  dose. 
His  value  is  always  much  larger  than  Fried- 
rich's.  This  fact  was  mentioned  by  Friedrich 
and  Glasser  in  a  short  communication  at  the 
Berlin  Roentgen  Ray  meeting  in  1920.  It  may 
be  mentioned  here  that  the  difference  is  given 
through  the  definition  by  both  investigators.  In 
determining  dosages  Friedrich  measures  with 
his  ionization  chamber  the  energy  absorbed  in 
the  tissues.  Duane,  on  the  other  hand,  meas- 
ures the  energy  of  the  original  -v-ray  bundle 
by  the  absorbtion  in  air.  The  fact  was 
also  discussed  at  length  in  the  paper  in  the 
January  number  of  your  Journal,  of  which  I 
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ainplilier  tubeV,  and  can  not  only  i^e  measured 
by  an  ordinary  measuring  instrument,  but  even 
recorded  in  a  diagram  for  the  whole  treatment. 
You  \\  ill  easily  see  the  ideal  combination  of  the 
small  chamber  and  good  galvanometer  for 
practical  purposes  in  connection  with  the  fac- 
tors I  mentioned  above.  Since  almost  everyone 
has  a  radio  set  nowadays  the  use  of  this  instru- 
ment should  not  be  too  difficult.  I  should  like 
to  say  a  few  words  on  the  biological  .standardi- 
zation of  dosage-measuring  instruments  in 
terms  of  electrical  units.  Duane's  galvanometer 
scale  is  calil^rated  for  a  certain  ionization 
chamber  in  terms  of  a  certain  unit,  w  hich  he 
calls  E.  If  he  multiplies  this  number  E  by  the 
time  of  exposure,  he  gets  the  applied  dose  in 
another  unit  e,  that  is,  in  the  unit  in  \\hicii 
Friedrich  first  calibrated  his  iontoquantinieter 
seven  years  ago.  Again  I  regret  that  I  cannot 


spoke  before.  Friedrich  will,  m  the  near  future, 
publish  the  quantitative  results.  This,  however, 
has  no  bearing  on  the  practical  application  of 
the  iontoquantinieter  in  its  present  form,  since 
a  definite  dose  corresponds  to  a  definite  num- 
ber of  divisions  on  the  scale. 

In  conclusion,  permit  me  to  say  a  few  words 
as  to  the  attitude  of  the  physicist  toward  these 
dosage  problems.  We  have  divided  up  the 
\\  hole  problem  of  dosage  into  two  parts:  prac- 
tical and  absolute  dosage.  The  substance  of 
Prof.  Duane's  paper  and  of  my  own  words  up 
to  this  point  belongs  mostly  to  the  field  of 
practical  dosage,  that  is,  methods  are  given 
,/or  measuring  the  quality  and  c]uantity  of  the 
rays  at  every  point  of  the  radiated  body.  But 
do  not  get  the  idea  which  I  have  frequently 
heard  expressed  on  both  sides  of  the  Atlantic 
that  the  physicist  is  the  man  of  large  doses 


Stereoscopy  of  the  Accessory  Sinuses 


497 


which  he  wants  to  appl\'  all  at  i.iiu't',  the  man 
of  large  sizes  of  held,  focus  skin  distance,  etc. 
In  other  words,  a  man  who  recommends  apply- 
ing the  physical  dose  without  taking  into 
account  the  biological,  anatomical  and  physio- 
logical considerations  which  play  an  important 
part  in  the  determination  of  the  correct  dose.  It 
is  for  this  latter  reason  that  the  expression  of 
absolute  dose  was  introduced  and  emphasized, 
since  it  is  absolutely  necessary  to  arrive  at  a 
closer  approximation  to  the  actual  biological 
ray  effect  by  means  of  an  instrument  measuring 
this  eflect  that  is  the  absolute  close.  It  is  in 
this  field  that  the  physicists  have  given  us  a 
series  of  valuable  researches.  I  have  recently 
described  some  of  these  which  were  carried  out 
with  the  aid  of  the  small  ionization  chamber. 
These,  as  well  as  a  whole  series  of  other  bio- 
logical experiments,  show  how  much  the  small 
horn  ionization  chamber  is  to  be  preferred, 
especially  in  these  absolute  dosage  measure- 
ments. 

No  one  will  deny  the  fact  that  the  ultimate 
purpose  of  our  dosage  determinations  is  a 
biological  one.  But  so  long  as  biology  cannot 
formulate    its  requirements  exactly   (and  that 


w  ill  be  the  case  as  long  as  we  have  only  such 
incomplete  data)  the  best  thing  we  can  do  is 
to  measure  as  accurately  as  possible  everything 
that  can  be  measured;  and  that  is  the  physical 
part  of  the  dose.  As  soon  as  we  know  more  on 
the  biological  side  of  these  questions  we  can, 
if  necessary,  modify  the  physical  dose. 

At  present  the  main  problem  for  the  investi- 
gator is  to  collect  and  systematize  our  present 
knowledge  of  the  biological  phenomena  in- 
volved. With  this  as  a  starting  point,  using  the 
tools  which  physics,  chemistry  and  biology 
have  given  him,  he  must  work  toward  the  solu- 
tion of  the  problem  of  the  biological  effect  of 
roentgen  radiation.  If  I  were  to  look  into  the 
future  from  the  physical  standpt)int,  and  guess  at 
the  solution  of  this  problem,  I  would  say  that 
this  solution  will  perhaps  be  found  in  the  use, 
not  of  a  single  practical  wave-length  of  a  certain 
roentgen-ray  bundle,  but  in  the  use  of  all  com- 
binations of  all  wave-lengths,  from  the  longest 
electric  waves  through  heat  waves,  light  waves, 
roentgen  waves,  down  to  the  shortest  rays  of 
radium.  I  am  sure  that  in  this  field  also  the 
medical  man  must  work  hand  in  hand  with  the 
physicist,  to  their  mutual  acKantage. 


STEREOSCOPY  OF  THE  ACCESSORY  SINUSES^ 


BY    G.    W.    GRIER,    M.D. 


PITTSBURGH,    PENNSYLVANIA 


TT7HILE  the  value  of  stereoscopy  in 
T  T  sinus  work  is  admitted  by  the 
majority  of  roentgenologists,  I  have  gained 
the  impression  from  visits  to  my  friends 
in  various  parts  of  the  country,  that  it  is 
often  not  a  routine  procedure  In  their 
laboratories.  Presumably,  this  tadure  to  use 
in  practice  a  procedure  which  Is  theoreti- 
cally desirable  must  arise  from  one  of  two 
reasons:  First,  there  is  doubt  as  to  whether 
its  use  Is  of  real  advantage;  second.  It  Is 
too  much  trouble  to  be  bothered  with  as  a 
routine  method. 

It  Is  not  possible  for  me  to  prove  in  a 
short  paper  like  this  the  practical 
advantages  of  this  method.  As  a  matter 
of  fact,  the  only  way  one  can  be  convinced 
Is  to  try  It  as  a  routine  measure  for  a 
short  period.  The  additional  Information 
thus  obtained  will  be  so  e\ident  that  one 
will  never  be  satisfied  with  anything  else. 
This  subject  was  discussed  in  detail  by 
Van  Zwaluwenburg  in  his  masterly  article 

•Read  at  the  Midwinter  Meeting  of  the  Eastern  Section  of  Th 

25- 


dellvered  before  this  Society  at  the  annual 
meeting  In  Washington  In  September,  192 1. 
I  can  only  add  that  I  ha\e  found  the 
method  of  Inestimable  ^■alue  in  a  large 
number  of  cases,  and  that  the  additional 
Information  obtained  and  the  feeling  of 
certainty  as  to  the  conditions  present  are 
ample  compensation  for  any  extra  trouble. 

My  object  in  this  paper  is  to  remind  you 
again  of  the  value  of  stereoscopy  In  sinus 
work  and  to  demonstrate  a  method  ot 
making  plates  that  always  stereoscope,  a 
method  which  Is  no  more  trouble  to  carry 
out  than  the  making  of  flat  plates.  The 
plates  so  made  can  be  \ie\sed  singly  and  are 
made  in  what  are  recognized  as  standard 
positions.  The  tube  is  shifted  vertically 
as  recommended  by  Van  Zwaluwenburg. 
The  angles,  however,  are  a  little  different 
and  are  accurately  measured. 

I  use  the  head-rest  which  I  described 
before  this  Society  at  the  midwinter 
meeting  two  years  ago,   although  this  Is 
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not  essential  to  stereoscopy.  The  average 
time  consumed  in  fitting  the  patient's  head 
in  the  head-rest  and  making  two  sets  of 
stereoscopic  plates  is  three  minutes.  This  is 
certainly  not  a  time-consuming  procedure. 


Fig.  I.  Mtthod  i)f  determining  the  proper  angles  for  tlic 
different  exposures. 

The  position  which  the  tube  shall  occup\' 
for  the  different  exposures  is  determined 
by  laying  out  the  angles  on  a  sheet  of  paper 
and  then' transferring  them  to  a  triangular 
sheet  of  aluminum  with  which  the  actual 


procedure  is  easier  if  a  small  cone  is  used  on 
the  tube  stand  and  the  end  of  the  cone 
brought  a  short  distance  from  the  back  of 
the  patient's  head.  With  the  tube  in  this 
position,  the  distance  from  the  target  to  the 
plate  IS  measured  and  this  distance  is 
used  as  the  altitude  in  drawing  a  triangle, 
base  up,  which  is  to  determine  our  angles. 
The  base  of  this  triangle  is  twice  the  dis- 
tance between  the  pupils  of  the  eyes,  or 
5  in.  The  triangle  so  constructed  is  halved 
by  bisecting  the  base  line.  We  now  ha\e 
the  three  angles  at  which  to  make  our 
exposures,  represented  by  the  sides  of  the 
two  triangles,  and  as  the  middle  angle  is 
the  stereoscopic  distance,  or  23^9  if-  from 
either  end,  it  will  stereoscope  with  either. 
This  triangle  is  drawn  full  size  on  a 
piece  of  paper  and  the  resulting  angles  are 
copied  on  an  aluminum  triangle  which 
is  fixed  to  the  head-rest  or  which  may  be 
used  by  placing  it  against  the  side  of  the 
patient's  head  in  the  usual  way.  One  side 
of  the  aluminum  triangle  is  so  placed  as  to 
connect  the  external  auditory  meatus  and 
the  external  canthus,  the  point  of  the 
triangle  at  the  canthus,  the  base  of  the 
triangle  extending  toward  the  forehead. 
The  altitude  of  this  triangle  then  roughly 
outlines  the  base  of  the  skull.  The  first 
exposure,  or  the  one  made  at  the  greatest 
angle,  is  made  at  an  angle  of  30°  to  the 
base  line.  This  is  easily  done  by  tilting  the 
tube  so  that  a  line  drawn  down  lengthwise 
through  the  middle  of  the  cone  would  be 
continuous  with  the  line  drawn  on  the 
aluminum    triangle.    The   two    succeeding 


I'lG.   2.    I  uhe   tilted   to   the  ditlerent    positions   tor   the   three  exposures. 


measuring  on  the  patient  is  done.  Since 
there  is  but  comparatively  little  diiference 
in  the  size  of  heads,  it  is  practical  to 
make  sinus  exposures  with  a  iixed  distance 
between  the  tube  target  and  the  plate.  The 


ladt 


exposures    arc    made    at     the    remainmg 
angles  in  a  similar  manner. 

We  thus  get  three  plates,  any  one  of 
Nshich  is  a  perfectly  good  Hat  plate,  the 
middle  one  stereoscoping  with  cither  one  of 
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the  others,  being  the  plate  tor  the  right 
eye  with  one  and  the  plate  for  the  left 
eye  with  the  other.  When  \  iewed  singly, 
the  plate  made  at  30°  shows  the  frontals 
best,  and  the  last  one  shows  the  maxil- 
laries  best.  The  middle  one  is  made  at  about 
25°  which  is  the  universally  accepted  angle. 

Since  talking  with  Dr.  Granger  of  New 
Orleans  about  his  sphenoid  work,  I  have 
recently  added  a  fourth  exposure  made 
lower  down,  which,  when  stereoscoped  with 
the  third  one,  shows  the  sphenoids  \ery 
nicely.  I  ha\e  not  had  time  yet  to  draw 
any  conclusions  regarding  the  \alue  of  this. 

In  conclusion:  I  am  sure  anyone  who 
will  take  the  trouble  to  stereoscope  all  his 


carelully  made  stereoscopic  plates.  When  I 
say  "carefully  made"  I  do  not  mean  carefully 
made  stereoscopically,  because  that  is  very 
easy  as  far  as  the  angle  is  concerned.  When  I 
say  "perfect  plates"  I  mean  technically  perfect 
so  far  as  detail  is  concerned.  \'ou  need  a  plate 
in  which  the  bony  outlines  of  the  walls  of  the 
sinuses,  the  ethmoid  septa  particularly,  are 
clean  cut,  in  which  there  has  been  no  motion  to 
the  patient,  no  movement  or  tremble  from 
respiratory  action,  and  no  blurring  from  the 
target  of  the  tube 

This  presentation  of  Dr.  Grier  is  very  clever. 
It  is  well  worth  doing,  and  the  effort  does  not 
require  any  more  time  than  making  ordinary 
plates.  Moreover,  if  one  has  the  angle  perma- 
nently fixed  on  the  tube  stand,   it  does  save 


Fig.  3.  The  resulting  views  from  the  three  exposures,  the  middle  one  of  which  stereoscopes  with   either  of 

the  other  two. 


sinus  cases  in  this  way,  for  a  short  tmie, 
and  study  the  plates  carefully,  will  quickly 
convince  himself  that  the  method  yields 
information  not  to  be  had  in  any  other  way. 

DISCUSSION 

Dr.  Law.  I  am  glad  Dr.  Grier  spoke  of 
stereoscopy  of  the  sinuses.  A  few  years  ago  I 
used  to  think  that  it  was  not  necessary,  but 
in  those  days  we  were  looking  for  gross  lesions 
and  for  opacity  in  the  sinuses. 

Since  the  war  I  have  given  up  that  idea.  Any 
case  which  will  show  opaque  sinuses  is  fairly 
readily  diagnosed  by  the  surgeon  before  the 
patient  comes  to  you,  and  any  one  can  tell 
the  difference  between  an  opaque  sinus  and 
one  which  is  clear.  That  is  not  the  type  of  case 
that  the  surgeon  wants  the  most  information 
from.  What  he  wants  is  the  case  that  comes  in 
w  ith  vague  •  symptoms — headaches,  postnasal 
discharge  and  some  focal  infection — cases 
in  which  he  cannot  see  pus  on  physical  examina- 
tion.  That   is  the  type  of  case  that   requires 


trouble.  I  congratulate  Dr.  Grier  on  his  clever- 
ness; but  he  did  not  say  anything  about  the 
real  value  of  what  he  has  presented. 

Chronic  sinusitis  is  really  what  we  are  trying 
to  diagnose,  and  j'ou  get  that  only  by  the 
change  in  the  bony  structures.  \'ou  put  a 
plate  in  the  box,  look  at  it,  and  to  all  intents 
and  purposes  that  plate  is  perfectly  normal. 
The  frontal  sinus  shows  well,  the  ethmoid 
region  is  nice  and  black,  apparently  clean-cut 
and  clear — a  perfectly  normal  sinus.  The  same 
way  with  the  antrum;  but  there  are  the  indirect 
evidences.  If  you  get  the  symptoms  you  find 
that  the  patient  has  probably  a  postnasal 
discharge,  periodic  headache  coming  on  at  a 
certain  time  during  the  day  and  disappearing 
the  same  way;  perhaps  you  get  some  little  eye 
trouble.  Interpretation  of  the  plates  a  year  or 
so  ago  would  have  been  perfectly  clear  sinuses, 
but  now  the  signs  we  look  for  are  the  bony 
changes.  Learn  to  study  the  ethmoid  region. 
That  is  just  as  important  as  the  mastoid 
region;  it  is  the  same  structure  and  goes  through 
the  same  changes.  If  the  mastoid  had  as  good 
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drainage  as  tlic  ethmoid,  you  would  not  get 
operative  mastoids  as  you  do  now.  Notice 
the  walls — whether  they  are  aijsorbed  or 
whether  they  are  thinned  out,  thiclcened  or 
fuzzy,  and  learn  the  appearance  of  those 
changes  in  chronic  conditions;  and  you  will 
deliver  to  the  surgeon  a  diagnosis  on  which  he 
can  base  his  method  of  treatment  and  thereby 
help  your  patient. 

Dr.  Grier  (closing  discussion).  It  does 
not  matter  in  what  position  you  put  the  head 
in  making  these  examinations,  liecause  you 
are  measuring  from  the  base  line  of  the  skull, 
and  if  you  measure  the  angles  at  which  you  work 
the  position  of  the  head  is  of  no  importance. 

I  have  purposely  omitted  saying  anything 
about  what  we  learn  in  these  stereoscopic 
examinations  of  the  sinuses  for  two  reasons. 
The  first  is  that  it  opens  up  a  subject  \\  hich  I 


feel  is  too  large  to  be  discussed  in  this  short 
paper.  The  second  reason  is  that  I  have  seen 
so  many  things  since  making  these  examina- 
tions which  I  do  not  understand.  Shadows 
appear  which  I  never  saw  before  and  which  I 
am  unable  to  interpret.  It  occurred  to  me, 
however,  that  while  I  was  working  on  the 
question  of  interpretation  I  would  report  this 
technique,  in  order,  if  possible,  to  stimulate 
interest  in  this  method  of  examination. 

On  account  of  a  defect  in  my  vision  I  have 
a  great  deal  of  difliculty  in  seeing  stereoscopi- 
cally,  and  unless  the  plates  are  perfectly  made 
they  will  not  stereoscope  for  me.  I  do  not  make 
lateral  plates,  because  the  only  thing  I  learn 
from  the  lateral  projection  is  the  depth  of  the 
sinuses  and  this  is  not  improved  by  the  stereo- 
scopic vision,  whereas  the  frontal  projections 
demonstrate  the  pathology  present. 


TRANSLATIONS  AND  ABSTRACTS 


HiJTTEN,  V.  D.  Duration  of  cure  of  operated 
breast  carcinoma  with  and  without  pro- 
phylactic .v-ray  treatment.  Mimchcn.  med. 
\\  chnschr.,  1922, i ,  13. 

The  classification  was  made  according  to 
Steinthal-Anschiitz,  based  upon  the  severity 
of  the  lesion  in  Groups  I,  II  and  III.  Each 
group  was  subdivided  into:  A,  those  who  had 
not  been  treated;  B,  those  who  had  been  treated 
moderately;  and  C,  those  who  had  received 
intensive  irradiation.  The  following  results  are 
reported : 

Group  I 

A.  23  cases. 

After  three  years,  living,  free  from  recur- 
rence, of  19  cases,  19  (100  per  cent). 

After  live  years,  living,  free  from  recurrence, 
of  12  cases,  12  (100  per  cent). 

After  ten  years,  living,  free  from  recurrence, 
of  5  cases,  4  (80  per  cent). 

B.  3  cases. 

After  three  years,  living,  free  from  recur- 
rence, of  3  cases,  3  (100  per  cent). 

Alter  live  \ears,  living,  free  from  recurrence, 
of  2  cases,  2  ( 1 00  per  cent) . 

C.  6  cases. 

Term  of  obser\'ation  too  short  for  adequate 
observation. 

Ciroup  11 

A.  39  cases. 

Alter  three  years,  li\ing,  l\w  Irom  recur- 
rence, of  li  |)atients,  3  (8.6  per  cent). 


After  five  years,  living,  free  from  recurrence, 
of  23  patients,  2  (8.'^  per  cent). 

After  ten  years,  living,  free  from  recurrence, 
of  5  patients,  o  (o  per  cent). 

B.  4  cases. 

After  three  years,  li\'ing,  free  from  recur- 
rence, of  3  patients,  o  (o  per  cent). 

After  five  years,  living,  free  from  recurrence, 
of  I  patient,  o  (o  per  cent). 

C.  2  cases. 

After  one-half  year,  2  recurrences. 

Group  III 

A.  70  cases. 

After  three  years,  li\ing,  free  from  recur- 
rence, of  63  patients,  31  (49.  2  per  cent). 

After  five  years,  living,  free  from  recurrence, 
of  46  patients,  18  (39.1  percent). 

After  ten  years,  living,  free  from  recurrence, 
of  21  patients,  4  (19.1  per  cent). 

B.  8  cases. 

After  three  years,  li^■ing,  free  from  recur- 
rence, of"  patients,  i  (14.3  percent). 

After  fne  years,  li%ing,  free  from  recurrence, 
of  I  patient,  o  (o  per  cent). 

C.  4  cases. 

Recurrence  in  one  year  2  patients:  i  living 
and  well  one  year  after  operation,  i  li\ing  and 
\\  ell  t\\  o  years  after  operation. 

The  author  on  the  basis  of  tiie  material  of  the 
Gicssen  Klinik  takes  a  similar  point  of  view  as 
that  of  the  clinics  of  Tubingen  and  Leipsic  that 
through  the  after-treatment  with  .v-ray  the 
result  is  made  worse. 
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CORRESPONDENCE 

To  The  Editor: 

In  his  very  interesting  and  valuable 
article*  entitled  "A  Biological  Coefficient 
for  the  Aluminum  Filter,"  Dr.  Francis  B. 
Sheldon  proposes  a  law,  or  formula,  by 
which  the  time  required  for  an  erythema 
dose  of  .v-rays  filtered  through  aluminum 
can  be  computed  from  the  known  values  ot 
the  tube  current,  the  spark-gap,  the 
target-skin  distance,  and  the  thickness  of 
the  filter.  This  equation,  which  he  has 
found  to  fit  fairly  satisfactorily  both  his 
observations  and  those  of  others  for  filters 
ranging  from  one  to  10  mm.  in  thickness, 
can  be  put  in  the  condensed  form 
mam  X  G-/D"  =  tdj  +  f  2) 
where  mam  is  the  number  of  milliampere- 
minutes,  G"  is  the  square  of  the  spark-gap 
in  inches,  D-  is  the  square  of  the  target- 
skin  distance  in  inches,  /  is  the  thickness  of 
the  filter  in  millimeters,  and  the  line  / 
denotes  division.  For  simplicity  in  writing 
and  printing,  we  shall  hereafter  denote  the 
entire  expression  on  the  left  of  the  ecjuality 
sign  by  the  single  letter  R.  It  is  a  measure 
of  the  total  amount  of  radiation  that 
would  reach  the  skin  if  the  filter  were 
absent.  The  equation  then  becomes  R  = 
t{ij  +  t/2).  It  is  evident  that  this  equation 
cannot  be  strictly  correct,  because  it 
requires  R  to  be  zero  when  t  is  zero.  This 
means  that  when  there  is  no  filter,  an 
erythema  can  be  produced  without  any 
radiation  at  all,  an  e\idently  preposterous 
claim.  In  fact,  we  know  that  when  there  is 
no  filter,  the  value  of  R  for  an  erythema  is 
something  like  4  or  5.  This  discrepancy  can 
be  easily  removed  by  adding  another  term 
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to  the  right  side  of  the  equation.  This 
quantity,  which  we  may  denote  by  jEo, 
is  equal  to  the  value  of  R  that  produces  an 
erythema  when  there  is  no  filter;  the 
equation  then  becomes  R  =  Eo  +  t(a  + 
bt),  where  a  and  b  are  quantities  cor- 
responding to  the  15  and  the  'o  in  Dr. 
Sheldon's  equation,  but  difiering  from 
these  in  actual  values.  The  equation  we 
have  just  written  is  evidently  equivalent 
to  R  —  Eg  =  t(a  +  bt),  which  shows  that 
it  is  not  R,  but  the  excess  of  R  oxer  Ea  that 
is  determined  by  the  thickness  of  the  filter. 
This  is  obviously  as  it  should  be;  the  thick- 
ness of  the  filter  does  not  determine  the 
amount  of  radiation  required  for  an 
erythema,  but  only  the  additional  radiation 
above  what  is  needed  when  there  is  no 
filter;  t{a  +  60  is  the  amount,  erythemally 
considered,  by  which  the  filter  reduces  the 
radiation. 

Table   I 
,-  nul.  9-in.  <;ap,  io-in.  distance 


Time 


Filter.  Nil 


Original,  Min.        Modified,  Min. 


0.5 

1.88 

2.81 

I  .0 

3-7 

4-5 

20 

7.9 

8   1 

3  (> 

12.2 

[2     I 

4.0 

16.8 

.6.5 

5.0 

21.6 

21.3 

6.0 

26.7 

26.4 

7.0 

32.1 

3. .8 

10.0 

49.4 

,-0  5 

If,  for  the  purpose  of  illustration,  we 
assume  that  £0  is  exactly  5,  the  data  given 
by  Dr.  Sheldon  on  page  307  lead  to  the 
equation    K    =   5   +   /(13.5    +  0.75O;    by 
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means  of  this  modified  equation  the  times 
are  given  in  the  third  column  of  table  I 
have  computed.  Excepting  the  two  thinnest 
filters  these  differ  but  little  from  those 
found  by  means  of  Dr.  Sheldon's  original 
equation  (column  2). 

For  the  thinnest  filters,  Dr.  Sheldon's  for- 
mula leads  to  lower  values;  the  thinner  the 
fdter,  the  greater  the  difference  between 
the  times  as  computed  by  the  two  formulas. 
That  his  formula  probably  gives  times  that 
are  too  low,  when  the  filter  is  thin,  is  indi- 
cated by  his  recorded  observations;  under 
experiment  Number  3,  fdter  i  mm.,  it  is 
stated  that  the  computed  time  ga\'e  only  a 
slight  reddening  that  quickly  disappeared; 
under  Number  5,  iilter  i  mm.,  we  are  told 
that  for  a  dose  nearly  double  (actually 
1.82)  that  computed  for  an  erythema 
there  was  only  a  reddening  that  lasted  for 
six  months.  From  the  third  column  of 
Table  i,  it  appears  that  the  dose  for  ery- 
thema is  probably  20  per  cent  greater  than 
that  given  in  Experiment  3,  and  that  the 
dose  given  in  Experiment  5  was  only  50 
per  cent  greater  than  that  required  for 
erythema. 

It  should  be  remembered  that  the  \-alues 
computed  here  by  means  of  the  modified 
formula  are  merely  illustrative  and  are 
based  upon  an  assumed  erythema  dose  of 
unfdtered  radiation  that  has  been  only 
guessed  at.  In  all  such  work  as  that  of  Dr. 
Sheldon's  the  erythema  dose  of  unfdtered 
radiation  should  be  determined  under  the 
same  conditions  as  are  those  with  fdters. 
As  it  is  to  be  expected  that  the  effect  of  the 
Idter  and  also  that  the  erythema  dose 
without  filter  will  depend  upon  the  hard- 
ness of  the  radiation,  observations  should 
be  grouped  according  to  spark-gap,  and 
those  corresponding  to  the  several  spark- 
gaps  should  be  separately  studied.  The 
\arious  groups  of  values  thus  found  for  the 
constants  £0,  a  and  b  will  yield  very  valu- 
able information  that  may  be  amenable  to 
simple  explanation  and  formulation.  It  may 
be  found  that  terms  in  higher  powers  of  t 
will  be  required  under  some  conditions 
in  order  to  express  the  observations 
satisfactorily. 

As  Dr.  Sheldon  points  out,  the  constants 
found  by  one  obser\er  may  not  satis- 
factoriK     ht     the    \\(iikin<:;    conditions    of 


another,  on  account  of  differences  in  the 
manner  of  measuring  the  spark-gap,  errors 
in  the  measurement  of  the  current,  etc. 
This,  however,  does  not  greatly  reduce  the 
value  of  the  compilation  of  such  data,  as 
the  degree  of  concordance,  or  of  disagree- 
ment, that  is  thus  revealed  will  give  valuable 
and  much-needed  information  regarding 
the  concordance  that  actually  exists 
between  the  practices  of  different  radiolo- 
gists. Moreover,  certain  types  of  individual 
idiosyncrasies  in  the  values  of  a  and  of  b 
may  be  eliminated  by  dividing  these  quan- 
tities by  the  corresponding  value  of  En. 

I  hope  that  IDr.  Sheldon  will  make 
another  study  of  the  data  he  has  in  hand, 
taking  into  consideration  the  suggestions 
here  made. 

N.  Ernest  Dorsey. 
Washington,  D.  C, 

May  -,  1923. 

To  The  Editor: 

First  I  wish  to  thank  Dr.  Dorsey  for  his 
very  fair  criticism  of  my  Coefficient  For- 
mula. No  doubt  the  formula  would  be 
better  with  a  constant  for  the  erythema 
dose  included.  However,  the  value  of  £0, 
the  erythema  constant  without  a  filter,  is 
only  2  and  not  4  or  5. 

Taking  the  figures  originally  given  by 
Witherbee  and  Remer  for  their  unfiltered 
erythema  dose,  3  ma.,  3  in.  spark-gap,  5 
min.  at  8  in.  distance,  we  get  a  constant  of 
135,  64  or  approximately  2.  I  find  that  this 
works  very  well  with  my  machine.  Now  in 
using  this  £0,  that  is  2,  the  formula  will 
ha\e  to  be  changed  to  make  the  time  for 
the  erythema,  as  found  in  the  experiments, 
equal  that  given  by  using  the  original 
formula.  To  do  this  we  would  have  to  use  a 
formula  something  like  the  following: 

mam  X  G\  D-  =  2  +  ;(i2  +  0 
;  being  the  number  of  mm.  of  aluminum 
used  for  filter,  and  using   12  +  ^  instead 
of  15  +  t,2  used  in  the  original  formula. 

By  using  this  fi)rmida  the  time  obtained 
up  to,  and  including,  ~  mm.  will  be  within 
a  \ery  few  seconds  of  that  found  with  the 
original  formula,  and  abo\e  that  the  time 
will  be  slightly  increased. 

Francis   B.   Sheldon. 
Fresno,  Calif., 

May  2,-,  1Q23. 
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DR. GEORGE  HONORED, 

At  a  meeting  of  the  Royal  Society  ot 
Medicine  in  London,  on  May  17,  the  Sir 
James  Mackenzie  Davidson  memorial 
nu-dal  was  awarded  to  Dr.  Arial  W.  George 
111  Boston. 

This  is  the  first  time  that  this  distinction 
has  been  awarded  to  an  American.  Dr. 
George  has  for  many  years  been  an  expon- 
ent ot"  rocntgcn-ray  diagnosis  of  diseases 
of  the  gall-bladder,  a  theory  which  was  for 
a  long  time  rejected  by  many  co-workers. 
The  medal  which  was  conferred  upon  him 
is  a  just  recognition  of  this  work. 

The  presiding  otlicer  was  Sir  llumphrey 
Rolleston,  president  of  the  Royal  College 
of  Physicians,  and  the  meeting  was  at- 
tended by  leading  members  of  the  British 
medical  profession. 

Dr.  George's  subject  at  this  meeting  was 
"The  Pathological  Gall-Bladder"  and  the 
occasion  ofthe  address  was  the  annual  mem- 
orial lecture,  delivered  this  year  in  memory 
of  Sir  James  MacKenzie  Davidson,  who 
was  among  the  first  x-ray  martyrs.  Dr. 
George  was  also  a  guest  at  the  150th  annual 
dinner  of  the  Medical  Society  of  London. 


PROFESSOR     DUANE     JOINS 
TORIAL  STAFF 


EDI- 


The  Journal  is  very  much  pleased  to 
announce  that  Prof.  Duane  has  kindly 
consented  to  serve  on  its  editorial  staff. 
His  work  in  the  forefront  of  experimental 
radiology  is  well  known  and  is  recognized 
as  having  very  materially  assisted  in  plac- 
ing  American   radiology  on  a   stable  and 


scientific  basis.  It  is  therefore  a  matter  of 
congratulation  to  all  of  us  that  he  has 
consented  to  give  us  more  of  his  time 
and  advice  by  serving  in  the  capacity 
mentioned. 

THE     RADIOLOGICAL    SOCIETY 
OF  MEDICINE  OF  FRANCE 

This    Society  announces    the 
board  of  officers  for  1923: 

President:  Dr.  Ledoux-Lebard,   22   Rue 
Clement-Marot,  Pans. 

Vice-Presidents:  Dr.  Barret,  33  Rue  de 


following 


Dr.    Castcx,     13     R 


ue 


Rue  Pierre- 
Qbis  Boule- 
Dr.    Nahen, 


12    Rue 


Lisbonne,     Paris; 
Klcber,   Rennes. 

Secretaries:  Dr.  Haret,  8 
Haret,  Paris;  Dr.  Dariaux. 
vard  Rochechouard,  Paris; 
2Q  Rue  de  Sevres,  Paris. 

Treasurer:  Di.    Thoyer-Rozat, 
Desaix,  Paris. 

Committee  on  Publication:  Dr.  Aubourg, 
9  Rue  de  Monceau,  Paris;  Dr.  Belot,  36 
Rue  de  Bellechasse,  Paris;  Dr.  Ledoux- 
Lebard,  22  Rue  Clement-Marot,  Paris; 
Dr.  Lenglet,  q  Rue  Vezelay,  Paris. 

Editor:  M.  Masson,  120  Boulevard  Saint- 
Germain,  Paris. 

THE  LEONARD  PRIZE 

The  American  Roentgen  Ray  Society 
is  again  offering  the  Leonard  Prize  in  1923, 
details  for  which  appear  on  advertising 
page  viii  of  this  number  of  the  Journal. 
The  manuscripts  submitted  for  the  1921 
prize  were  of  a  high  order  of  merit  and 
covered  a  variety  of  subjects  pertinent  to 
roentgenology.  It  is  to  be  hoped  that  the 
contestants  for  the  next  prize  will  be 
equally  zealous  in  their  efforts. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  Hew  York  City,  are  in- 
vitcd  to  ma\e  the  office  of  The  Journal  (69  East  59th  Street.  ?iew  TorJO  their  headquarters.  Mail, 
packages  or  baggage  may  be  addressed  m  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance:  in  this  ca.K,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  ?<iew  Tor\  hospitals  on  file  in  our  office  daily. 
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Scott,  S.  Gilbert.     A  metliod  i'or  tlic  opaque- 
meal    examinatinii    of    the    stomach.   Arch. 
Radiol.   (V  Eleclwlh.,  Mar.,  1923,  xxvii,  304. 
The  autlior  reviews  the  current  methods  of 
examination  and  gives  full  details  of  the  method 
which  he  employs.  He  incorrectly  and  doubt- 
less   inadvertently    states    that    in    America 
radioscopy    was    little    used     until    recently. 
He  decries  the  multiple  plate  method  as  imprac- 
ticable   and    expensive    for    a    busy    hospital 
in    England    and    states    that    its    diagnostic 
value  is  not  sufficient  to  justify  the  expense 
entailed.    The    combined    screen    and    plate 
method  is  the  generally  approved  one. 

,The  author's  method  includes  systematic 
screen  palpation  which  must  not  be  confused 
with  the  stomach  prodding  or  palpation  used 
by  many  workers.  This  palpation  is  carried 
out  inch  by  inch,  starting  at  the  cardiac  and 
ending  at  the  duodenal  end.  Such  a  satis- 
factory screen  examination  requires  attention 
to  many  small  details  which  the  author  de- 
scribes. Generally  speaking  he  feels  that  it  is 
unnecessary  for  the  radiologist  to  know  the 
clinical  history  of  a  gastric  case.  The  author 
has  found  in  many  difficult  cases,  such  as  a 
small  ulcer  on  the  anterior  or  posterior  wall 
of  the  stomach,  or  high  up  toward  the  cardiac 
end,  extreme  difficulty  in  demonstrating  the 
condition  on  a  plate  or  film,  although  the 
diagnosis  was  already  definite  from  the  screen 
study;  and  he  goes  so  far  as  to  state  that  any 
lesion  demonstrated  on  a  roentgenogram  would 
easily  be  diagnosed  by  screen  palpation,  but 
that  the  reverse  does  not  hold  good.  The  two 
chief  advantages  of  palpation  under  the  screen 
are  that  after  a  time  it  can  be  carried  out 
with  rapidity;  and  that  it  is  extremely  neces- 
sary in  the  detection  of  small  lesions.  Errors 
in  diagnosis,  if  traced  to  their  source,  are  of 
extreme  value.  Every  error  in  diagnosis  should 
be  thoroughly  investigated.  It  is  a  mistake  to 
slur  over  one's  mistakes. 

The  author  administers  a  vegetable  purga- 
tive thirty-six  to  forty  hours  before  the  exami- 
nation. He  prefers  castor  oil.  The  last  meal, 
which  must  consist  of  fluids,  should  not  be 
taken  less  than  an  hour  before  the  examination. 
The  object  of  this  preparation  is  to  have  the 
intestinal  tract  as  empty  as  possible,  while 
at  the  same  time  avoiding  artificial  conditions; 
that  is  to  say,  the  effect  of  the  aperient  must 
have  passed  off.  The  patient  siiould  not  feel 
unusually  hungry,  as  this  condition  has  a 
definite  reflex  effect  on  the  behavior  of  the 
stomach. 

The  author  emploxs  a  mixture  of  barium 
cream,  commcrcialK    known  as   j-lamul,   made 
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oz 
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20 
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in  three  thicknesses:  No.  i,  thick,  fla\ored, 
for  esophageal  cases;  No.  2,  medium  thickness, 
flavored,  for  gastric  cases;  No.  3,  thin,  un- 
flavored,  for  opaque  enemata.  These,  being 
sterilized,  keep  for  weeks,  and  therefore  can 
be  kept  in  stock.  The  barium  itself  is  well 
held  m  suspension.  The  prescription  is  as 
follows: 


No.  I.  Thick  fla\ored. 

Barium  sulphate 

Saccharin 

Vanillin 

Gum  tragacanth 

Distilled  water to 

No.  2.  Thin  flavored. 

Barium  sulphate 

Saccharin 

Vanillin 

Gum  tragacanth 

Distilled  water to 

No.  3.  Thin  unflavored. 

Barium  sulphate 

Gum  tragacanth 

Distilled  water to 


The  gum  tragacanth  and  the  barium  sulphate 
should  be  mixed  as  powder,  and  the  water 
added  gradually.  The  whole  is  sterilized.  It  is 
better  made  up  by  a  chemist,  and  a  stock 
bottle  can  be  kept  for  emergency.  Being 
sterilized,  it  can  be  used  for  other  purposes, 
such  as  injecting  into  sinuses  or  empyemas, 
using  whiche\er  thickness  is  most  suitable  for 
the  case.  This  barium  cream  throws  a  very 
dense  and  homogeneous  shadow,  creeping 
readily  into  nooks  and  crevices,  such  as  ulcer 
craters,  appendices,  etc. 

No  hard  and  fast  rule  is  made  as  to  amount 
of  meal  to  be  given  in  a  given  case;  3  to  4  oz. 
given  at  first,  a  further  6  oz.  or  more  to  be 
administered  later  as  required. 

Since  pressure  of  work  makes  necessary  the 
elimination  of  everything  that  does  not  prove 
to  be  of  some  diagnostic  value,  one  of  the 
first  things  investigated  was  whether  the 
emptying  time  of  the  stomach  gave  any  reli- 
able information  as  to  the  state  of  the  organ 
itself.  The  author  can  recall  no  case  in  which 
the  emptying  time  of  the  stomach  was  of 
help  in  arriving  at  a  diagnosis;  the  emptying 
time  is  influenced  by  so  many  unknown 
factors  that  he  doubts  its  \-alue.  He  claims 
that  it  is  possible  to  t)btain  a  difference  of  four 
hours  in  the  emptying  rate  of  the  stomach  in 
the  same  patient  by  starving  or  overfeeding 
him  a  da\  or  two  before  the  examination. 
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The  autlior  has  also  discarded  the  double 
meal  method,  as  he  has  found  tliat  although 
in  theory  it  should  save  time  in  actual  practice, 
it  may  lead  to  serious  diagnostic  error.  He 
therdore  depends  on  the  one  meal,  which 
he  follows  through  into  the  intestines. 

In  order  to  carry  out  screen  work  expedi- 
tiously, every  examination  should  develop  a 
systematic  routine.  A  systematic  method 
should  be  employed  in  all  fluoroscopic  work. 
The  presence  of  one  lesion,  a  gastric  ulcer, 
for  instance,  does  not  exclude  the  possibility 
of  another  lesion,  a  duodenal  ulcer,  for  instance. 
The  apparatus  should  be  simplified.  Protection 
should  be  hung  around  the  apparatus  rather 
than  on  the  examiner.  The  protection  should 
be  ample. 

Palpation  is  an  important  lactor  in  this 
method.  Some  practice  is  necessary  before  the 
knack  is  acquired,  and  on  it  depends,  to  a 
great  extent,  the  success  of  the  method.  It 
is  necessary  that  the  hands  be  trained  to  work 
in  coniunction  with  each  other,  as  each  section 
of  the  stomach  is  examined  in  detail.  Screen 
palpation  should  be  done  in  both  the  horizontal 
and  upright  positions. 

MacNe.\l,  Ward,  J.,  and  Willis,  George  S. 

A     skin      cancer     following     exposure     to 

radium.   J.    Am.   M.  Assn.,  Feb.   17,    1923, 

Ixxx,  No.  7,  p.  466. 

The  authors  report  in  detail,  with  numerous 
photomicrographs,  the  case  of  a  patierit  who 
worked  with  roentgen  rays  in  his  practice 
from  1905  to  1917;  but  not  since  then.  Pre- 
cautions for  self-protection  were  carelully 
employed.  From  1912  to  June,  1920,  he  handled 
radium,  without  precautions  for  self-protection, 
in  small  amounts  up  to  1915,  but  in  quite 
large  amounts  from  19 15'  to  1920  (from  200 
to  365  mg.  in  indi^•iduaI  tubes,  taken  between 
the  right  thumb  and  forefinger  almost  every 
day).  Various  changes,  which  may  be  ascribed 
to  the  exposure  to  radium,  began  to  be  observed 
late  in  1918,  and  since  early  in  1920  the  skin 
changes  have  required  constant  care.  In 
September,  1922,  a  fissure  on  the  ball  of  the 
right  thumb  manifested  a  peculiar  and 
extremely  painful  alteration  in  character,  and 
on  excision  in  October,  this  lesion  proved  to  be 
a  squamous-cell  carcinoma. 

Lemere,     H.     B.     Progressive    osteomyelitis 
of    the    frontal    bone.    J.    Am.    M.    Ass7i., 
Mar.  3,  1923,  Ixxx,  No.  9,  p.  5q6. 
The  author  discusses  a  very  interesting  case 
of  difi'use   osteomyelitis   of  the    frontal   bone, 
progressive  in  nature,  ending  in  death,  through 
infection  of  the  frontal  sinuses.  A  basal  men- 
ingitis   complicated    the    case.    An    excellent 


review  of  the  literature  on  the  subject  to  date 
then  follows.  The  etiology  of  this  disease  is 
still  mysterious  and  the  mortality  with  or 
without  extensive  bone  removal  is  exceedingly 
high.  The  author  calls  particular  attention  to 
the  necessity  of  publishing  the  roentgenograms 
rather  than  a  statement  of  the  roentgen 
findings,  in  order  to  make  it  possible  carefully 
to  study  the  literature  of  the  subject.  Bacterio- 
logical reports  should  also  be  made,  and  where 
death  results,  careful  necropsy  findings.  In 
21  spontaneous  cases  gathered  from  the  litera- 
ture, there  were  7  recoveries,  while  in  20 
postoperative  cases,  there  were  no  recoveries. 
In  none  of  the  literature  is  the  importance  of 
the  roentgen  ray  observations  on  the  osteo- 
myelitis sufficiently  emphasized.  The  author 
believes  the  treatment  and  operative  work 
should  be  checked  by  roentgenograms  taken 
at  least  once  a  week,  and  all  bone  showing 
any  involvement  should  be  carefully  removed. 

Renaud,    Maurice.     The    administration   of 

morphin     to     cancer     cases.     Ass.    Jranc. 

p.  I'etude  du  cancer,  Mar.  19,  1923. 

The  author  reviews  the  dangers  and  incon- 
veniences of  morphinization  in  the  course  of 
chronic  affections  and  declares  that  in  spite 
of  the  temporary  and  often  illusory  advantages, 
the  administration  of  morphin  brings  to  the 
cancer  patient  no  real  benefit.  On  the  one 
hand,  the  painful  paroxysms,  for  the  relief 
of  which  morphin  is  the  sovereign  reniedy, 
are  relatively  rare  in  the  course  of  the  majority 
of  neoplasms;  and  the  majority  of  symptoms 
which  render  the  cancer  patient's  life  miserable 
are  not  entirely  ameliorated  by  stupetying 
medication.  Cancerous  morphin  addicts  are 
the  ones  who  complain  the  most.  On  the  other 
hand,  morphin  is  not  in  any  way  capable  of 
attenuating  the  mental  distress  of  the  patients 
who  suspect  or  know  they  are  hopelessly 
condemned.  Far  from  giving  mental  relief, 
morphinization  encourages  and  de\elops  dis- 
quietude. The  morphin  addict  never  knows 
true  rest.  He  is  in  the  state  of  perpetual 
malaise.  Morphinization  which  increases  the 
torments  and  accentuates  the  mental  distress 
of  the  cancer  patient  is  therefore  a  dangerous 
last  resort.  The  cancerous  patient  is  a  depressed 
neurasthenic  who  should  be  sustained,  stimu- 
lated, and  encouraged.  Morphin  is  good  for 
nothing  until  it  becomes  necessary  to  relieve 
his  pain. 
ScHENCK,  W.  E.,  and  Goosmann,  Charles. 

Melanotic   sarcoma  of  eye.    Cincin.  M.  J., 

Mar.,  1922,  iii,  i. 

The    authors    decry    the    reports    of    cured 
melanotic  sarcoma  of  the  e\e  after  only  two 
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or  three  years  with  no  recurrence  after  sur- 
gical treatment.  Such  reports  lead  us  into  a 
false  position  of  security.  In  order  to  insure 
cures,  the  authors  query,  "Should  we  use 
.v-ray  or  radium  first  and  then  operation,  or 
should  we  depend  upon  the  x-ray  or  radium 
treatment  entirely?"  They  conclude  that  opera- 
tion should  precede  treatment  with  irradiation; 
that  the  irradiation  should  be  administered 
only  by  an  expert;  and  that  under  no  circum- 
stances should  the  use  of  an  artificial  eye  be 
permitted. 

BuxTox,  St.  J.  D.  The  association  of  the 
surgeon  and  radiologist  in  bone  grafting. 
Arch.  Radiol,  (if  Electroth.,  Mar.,  1923,  xxvii, 
289. 

The  author  believes  the  assistance  given  to 
the_ surgeon  by  roentgenography  in  the  diag- 
nosis of  fractures  and  diseases  of  bone  is  one 
of  the  outstanding  features  of  the  progress 
of  science.  Assistance  of  the  .v-ray  workers 
is  valuable  in  experimental  work,  especially 
on  man  in  watching  the  progress  of  each  case 
of  bone  graft.  In  studying  the  indications  for 
bone  grafting  in  a  long  bone  the  roentgeno- 
gram shows  the  condition  of  the  bone  and  thus 
assists  in  making  a  choice  of  bone  grafting  in 
each  type  of  case.  The  .v-ray  help  is  especially 
useful  in  the  avoidance  of  failure  to  obtain 
union  after  operation  by  bone  grafting.  This 
failure  may  be  due  to  the  following  causes: 

1.  \\'aking  up  of  latent  infection,  and  so 
causing  suppuration  in  the  wound. 

2.  Poorly  nourished  covering  of  the  graft 
owing  to  deep  scar  and  skin  cicatrices. 

3.  Defective  technique  in  application  of  the 
graft. 

4.  Fracture  of  the  graft. 

The  value  of  roentgenography  in  watching 
the  progress  cannot  be  exaggerated.  In  the 
case  that  docs  well  it  is  by  the  roentgenogram 
as  much  as  by  the  apparent  strength  of  the 
limb  that  we  can  judge  for  what  period  a 
splint  should  be  worn. 

A  series  of  very  interesting  roentgenograms 
is  appended  to  the  article. 

BosT,   T.   C.     Calcification   of  the  ovary.   J. 

Am.  M.  Assn.,  Mar.  31,  1923, 1.xxx,  912. 

Moschcowitz  in  19 16  compiled  5  cases. 
Dicken  has  since  added  another  case. 
The  author's  case  herewith  reported  in  detail 
brings  the  total  to  7.  The  specimen  measured 
about  5  by  3  cm.,  occupying  the  site  of  the 
ovary.  Normal  Fallopian  tube  was  attached 
to  the  upper  surface.  The  general  shape  of  the 
mass  was  that  of  a  flattened  egg.  The  surface 
was  smooth,  mottled  yellow;  but  the  tissue  was 


of  uniform  bony  hardness.  Diagnosis — calcifica- 
tion of  the  ovary. 

Roberts,  C.  S.  L.\ne.  Some  considerations  of 
the  sacroiliac  joint.  Lancet,  Apr.  21,  1923, 
cciv,  78". 

This  is  a  well-prepared  consideration  of  the 
morphology,  gross  anatomy,  movements  and 
the  more  common  pathological  conditions  of 
relaxation  and  strain  of  the  sacroiliac  joint. 
Although  no  reference  is  made  to  the  employ- 
ment of  the  .v-rays  in  the  diagnosis  of  this 
condition,  the  facts  presented  should  be  of 
interest  in  the  interpretation  of  the  .v-ray 
findings  in  this  situation. 

Hodges,  Fred  M.  Subdiaphragmatic  ab- 
scess. J.  Am.  M.  Assn.,  Apr.  14,  1923, 
Ixxx,  1055. 

This  very  interesting  article  is  well  worthy 
of  detailed  study  by  every  reader  of 
this  journal.  Early  diagnosis  and  treatment 
usually  lead  to  cure,  while  late  diagnosis  often 
means  serious  complications  or  death.  A 
history  of  a  recent  abdominal  operation  or 
infection,  followed  by  an  unexplained  elevation 
of  the  pulse  and  temperature,  should  require  a 
careful  elimination  of  subdiaphragmatic 
abscess.  The  roentgen  ray  is  a  very  important 
diagnostic  aid,  and  will  almost  invariably  give 
valuable  and  definite  information.  In  any  acute 
upper  abdominal  infection,  an  elevated  and 
rigid  diaphragm  should  lead  to  the  suspicion 
of  subdiaphragmatic  abscess.  A  diaphragm 
normal  in  position,  contour  and  motility  usually 
eliminates  the  possibility  of  an  abscess  just 
beneath.  Promiscuous  needling  is  never  indi- 
cated, since  in  this  way  the  pleural  cavity  may 
be  unnecessarilj-  infected. 

Friedlaender,  Bernh.a.rd.  Diagnostic  value 
of  artificial  pneumoperitoneum  in  sterility  in 
women.  J.  Mich.  M.  Soc,  Apr.,  1923  xxi,  195. 
The  author  concludes  that  in  sterility  of  the 
woman  we  should  undertake  a  routine  and 
thorough  examination  of  the  organs  of  repro- 
duction in  the  male  as  well  as  in  the  female  and 
try  to  find  the  cause  of  sterility.  The  patency  or 
non-patency  of  the  Fallopian  tubes  can  only  be 
determined,  without  a  surgical  exph)ration,  by 
the  inflation  with  gas  by  the  transuterine 
route.  Pneumoperitoneum  is  free  from  danger 
if  we  are  careful  in  the  selection  of  cases. 
Roentgenograms  of  the  pneumoperitoneum  are 
xaluable  aids  in  demonstrating  the  condition 
of  the  uterus,  tubes  and  oxaries,  the  presence  of 
omental  and  bowel  adhesions,  pregnancy,  etc. 
The  use  of  carbon  dioxide  instead  of  oxygen 
diminishes  the  discomforts  following  the 
inflation  and  the  patient  is  able  to  leave  the 
oflice  in  thirtv  minutes. 
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OBSERVATIONS  ON  OSTEITIS  DEFORMANS 

BY    SHERWOOD   MOORE,   M.D. 

From    the    A'-Ray    Laboratory    of    the    Washington    University    School    ul    Mixlicine 

ST.    LOUIS,    -MISSOURI 


SINCE  Paget's'  original  article  on  oste- 
itis deformans  appeared  in  18""",  the 
Index  Medicus  shows  two  hundred  eighty- 
seven  titles  of  articles  dealing  with  that 
and  related  conditions.  Despite  this  large 
amount  of  obser\'ation  and  study,  the 
disease  is  still  as  obscure  as  to  etiology 
and  pathogenesis  as  it  was  in  Paget's  time. 
The  fact  that  this  obscurity  exists  seems  to 
warrant  report  of  the  observations  on  4 
cases  of  unusual  type  along  with  a  review 
of  the  Hterature.  It  is  not  proposed  to  go 
into  a  general  discussion  of  all  aspects  of 
Paget's  disease  of  bone,  but  to  confine 
this  paper  to  consideration  of  a  limited 
number  of  its  features.  For  additional 
information  the  reader  is  referred  to 
Paget's  publications  and  those  of  Gruner, 
Scrimger  and  Foster,-  of  Schirmer,''  of 
Legros  and  Leri^  and  of  Da  Costa,  Funk, 
Bergheim  and  Hawk. ' 

There  are  in  the  literature  213  cases  of 
osteitis  deformans,  according  to  the  figures 
of  Leahy  (1918)''  to  which  number  33 
subsequent  ones  can  be  added  which  do 
not  include  the  writer's  observation  of  14 
cases.  These  are  chiefly  from  Europe  and 
the  United  States.  The  disease  has  been 
reported  from  Australia"'  **■  ■'■  '"  and 
from  Japan;"  Hewitt'-  and  Da  Costa''' 
have  reported  cases  in  negroes  and  the 
writer  has  witnessed  an  autopsy  on  an 
advanced  case  in  a  negress  (unreported). 
Recently  an  article'^  has  appeared 
describing  the  disease  in  three  monkeys 
which    was    proved    to    be    diagnostically 


correct  from  both  the  clinical  and  patho- 
logical points  of  view.  The  reports  indicate 
a  greater  incidence  in  England  and  France 
than  elsewhere  in  Europe,  but  it  seems 
that  this  is  due  to  the  fact  that  greater 
attention  has  been  given  the  disease  in  those 
countries.  In  the  United  States  reports 
began  to  appear  about  the  year  1890  and 
have  been  increasingly  noted  since.  They 
are  from  all  parts  of  the  country.  Clopton,'^ 
Hewitt'-  Deppe'"and  L.  H.  Hemplemann'^ 
have  reported  a  total  of  6  cases  from  St. 
Louis.  The  disease  is  commonly  considered 
to  be  rare,  but  the  facts  hardly  warrant  this 
belief.  Paget '*"  at  the  time  of  his  second 
communication  had  seen  23  cases  and 
Locke '■■'  states  that  he  has  seen  50.  There 
have  been  in  the  Washington  University 
.\-ray  department  3  instances  in  19,000 
successive  admissions;  but  the  total  of  14 
cases  in  163,148  admissions  to  both  the 
Barnes  Hospital  and  the  Washington 
University  Dispensary  on  the  whole  con- 
firms the  a\erage  of  the  incidences  reported 
by  Carman  and  Carrick'-"  cjuoting  statistics 
from  the  New  Jefferson  Hospital  and  the 
Johns  Hopkins  Hospital,  also  by  LeWald 
(unpublished)  of  one  in  1 1,000  admissions. 
Osteitis  deformans  can  be  defined  as  a 
general  disease  of  the  skeleton,  probably 
due  to  a  constitutional  state,  _  as  first 
suggested  by  Thibierge,''  the  chief  mani- 
festations of  which  are  bony  enlargement 
and  subsequent  deformity.  The  tendency 
of  the  disease  is  toward  a  slow,  gradual 
in\olvement      of     the     entire     skeleton, 


5o8 


Obser\ations  on  Osteitis  Deformans 


although  it  may  remain  confined  to  a  single 
bone  or  portion  thereof  for  an  extended 
period.  Many  writers  have  described  a 
mono-osteitic  type  of  the  disease,  but  it 
must  be  said  that  such  cases  were  not  under 
sufficiently  prolonged  observation  to  estab- 
Hsh   firmly  the  existence  of  such  a  type. 

As  to  its  symptoms,  reports  of  the  disease 
in  the  literature  have  an  impressive  similar- 
ity to  one  another  and  to  Paget's  account. 
In  fact,  after  reading  a  series  of  clinical 
descriptions  it  would  almost  seem  as  if 
they  might  be  interchangeable;  which 
might  also  be  said  of  the  illustrations  which 
accompany  them.  When  fully  developed 
the  disease  can  be  diagnosed  at  a  glance, 
although  it  is  well  to  bear  in  mind  that 
senile  and  arthritic  changes  of  the  skeleton 
can  closely  simulate  the  deformity  and 
carriage  of  Paget's  disease,  as  has  been 
pointed  out  by  Mocquot  and  Moutier.'-'- 
There  has  been  no  improvement  of  Paget's 
description  of  the  disease  in  its  late  stage. 

The  obscurity  as  to  the  causation  of 
osteitis  deformans  can  be  gauged  by  the 
diversity  of  theories  to  which  it  has  given 
rise.  A  strong  case  can  be  made  against 
any  one  of  them.  There  is  no  reason  to 
suppose  that  geographical,  climatic  or 
racial  factors  play  any  part  in  its  produc- 
tion. The  same  is  true  as  to  sex,  occupation, 
social  conditions  and  status;  the  disease 
has  been  observed  in  the  well-to-do  and 
in  the  very  poor.  Its  occurrence  in  different 
members  of  the  same  family  is  of  such 
infrec[uency  as  to  render  the  familial 
factor  insignificant.  The  disease  is  one  of 
the  second  half  of  life;  it  has,  however, 
occurred  sufficiently  often  in  the  young  as 
to  eliminate  age  as  an  essential  cause  of  its 
production.  Syphilis  as  a  cause  of  the 
disease  or  the  disease  being  a  late  manifes- 
tation of  syphilis  has  had  strong  support 
in  the  past,  following  especially  the  teach- 
ing of  Fournier-''  and  Lannclongue.-^  When 
limited  to  a  single  bone,  Paget's  disease 
and  syphilis  can  be  strikingly  alike.  How- 
ever, the  unyielding  progress  of  the  former 
in  the  face  of  antiluetic  treatment,  and 
absence  of  other  syphilitic  manifestations 
in  conjunction  with  a  negatixe  \\  asser- 
mann  reaction  establish  the  dillercnt  iden- 
tities of  the  two  conditions.  Of  28  reported 
reactions  in  the  Iitcraturi'  up  to.hine,  ig2i, 


26  were  negati\e  and  only  2  positive. 
Since  that  time,  33  reactions  have  been 
gi\en,  of  which  9  were  positive  and  24 
negative.  Of  the  14  cases  we  have  observed, 
I  was  positive,  4  negative  and  for  the 
remaining  9  no  reactions  have  been  reported. 
In  this  connection  Deppe's"'  case  of  con- 
tracted syphilis  after  the  de\'elopment 
of  osteitis  deformans  should  be  mentioned. 
Several  writers  have  reported  cases  with 
syphilis.  Chattier  and  Descamps'-' describe 
one  with  tabes,  and  in  his  second  series 
Paget  gives  one  with  a  definite  syphilitic 
history. 

Other  infections  and  infectious  diseases 
have  not  been  demonstrated  as  playing  a 
part  in  causation,  the  same  being  also 
true  of  intoxications. 

Carcinoma  appears  to  be  no  more 
frequent  than  in  a  like  number  of  patients 
of  the  same  age.  Arthritis  of  any  nature  is  a 
complication  rather  than  a  part  of  the 
picture  of  osteitis  deformans.  The  fre- 
quency of  mental  enfeeblement  and  actual 
dementia  is  significant.  Da  Costa"  calls 
attention  to  the  very  high  incidence  of 
sarcoma,  and  Williams-"  has  written  of 
the  relationship  between  osteitis  defor- 
mans and  neoplastic  disease. 

What,  if  any,  importance  is  to  be 
attributed  to  the  glands  of  internal  secre- 
tion in  the  production  of  the  disease  must 
be  deferred  until  their  function  and  patho- 
logical states  are  better  understood.  Paget's 
disease  and  glandular  disturbance  have 
not  been  convincingly  linked  up. 

Trauma  does  not  seem  to  be  of  impor- 
tance, although  fracture  is  of  frequent 
occurrence  in  those  subject  to  this  disease, 
and  has  been  thought  to  be  a  direct  cause  in 
some  instances.  It  appears  more  likely  that 
fracture  takes  place  because  of  the  disease 
rather  than  the  reverse.  Leri  and  Legros-' 
report  a  case  where  trauma  was  directly 
followed  by  development  of  the  disease  in  a 
tibia. 

Degenerati\e  lesions  of  the  spinal  cord 
have  been  reported  in  association  with 
Paget's  disease,  but  they  would  seem  to  be 
part  of  the  associated  arteriosclerosis.  No 
constant  or  important  blood  changes  ha\e 
been  found.  Da  Costa  et  al.,'\lemonstrated 
in  studies  of  metabolism  a  marked  reten- 
tion    of    calcium     and     maiinesium     with 
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increased  elimination  of  sulphur  in  3  cases. 
Pescarolo  and  Bertolotti'"  obtained  essen- 
tially the  same  results  from  urinary 
studies. 

The  most  striking  association  is  that  of 
circulatory  disease,  both  arterial  and  car- 
diac. This  incidence  is  far  beyond  that  in  a 
like  number  of  patients  of  the  same  age, 
both  in  frequency  and  in  degree.  Attention 
to  this  has  been  called  by  many  observers; 
reported  cases  of  cranial  involvement 
which  are  accompanied  by  photographs 
show  tremendous  enlargement  of  the  tem- 
poral vessels.  Especially  in  the  cases  of  Da 
Costa,-**  Catola''"  and  Ravenna"  is  this 
pointed  out,  the  latter  showing  findings  of 
low  arterial  tension.  So  great  is  the  degree 
of  enlargement  of  the  vessels  that  the 
question  arises  as  to  the  same  process 
being  the  basis  both  of  bone  and  arterial 
changes. 

The  onset  of  Paget's  disease  has  never 
been  described.  When  the  condition  is 
manifest  it  obviously  has  existed  for  some 
time.  The  progression  of  the  disease  varies 
in  rapidity,  in  some  cases  being  so  slow 
that  there  is  an  apparent  arrest;  and  its 
duration  is  always  over  a  period  of  years. 
Its  tendency  is  toward  the  ultimate 
symmetrical  involvement  of  the  entire 
skeleton.  Acute  development  with  rapid 
spread  seems  never  to  occur,  and  there 
certainly  has  been  no  reported  case  of 
recession.  In  its  beginning  the  bones  of 
the  thigh,  legs,  pelvis  and  skull  are  first 
involved;  though  no  portion  of  the  skeleton 
can  be  considered  exempt,  yet  the  bones 
of  the  forearm,  hands  and  feet  are  usually 
found  uninvolved. 

When  once  fully  developed,  the  disease 
proceeds  with  increasing  deformity  and 
its  resultant  disability.  There  is  rather 
more  enfeeblement  than  the  age  of  the 
subject  would  account  for  until  death 
supervenes  from  intercurrent  disease,  usu- 
ally cardiac.  The  condition  itself  neither 
causes  death  nor  seems  greatly  to  con- 
tribute to  that  outcome.  Some  cases  go 
on  to  complete  disability,  while  on  the 
other  hand,  wide-spread  involvement  is 
not  incompatible  with  both  mental  and 
physical  actixity. 

The  symptoms  found  in  Paget's  disease 
will  vary  with  the  stage  of  the  disease  and 


the  parts  invoked.  Often  its  discovery 
IS  accidental,  the  patient  being  unaware 
of  the  existence  of  any  skeletal  changes. 
What  are  commonly  supposed  to  be  the 
earliest  symptoms — pain,  weakness,  slight 
disability,  slight  bony  enlargement — are 
vague,  uncertain,  inconstant  and  often 
completely  lacking;  they  are  such  as 
might  accompany  any  bone  or  joint  con- 
dition. When  the  bony  changes  are  mani- 
fest, the  disease  can  be  considered  as 
advanced,  and  if  they  are  sufficiently 
pronounced,  diagnostic. 

As  to  bony  enlargement  and  deformity, 
the  latter  is  largely  a  result  of  the  former. 
There  has  been  much  discussion  as  to  the 
mechanism  at  work  in  the  production  of 
the  deformity  of  osteitis  deformans.  The 
view  most  generally  advanced  is  that  it  is 
produced  as  the  result  of  weight-bearing 
by  softened  bone,  though  this  does  not 
explain  the  deformities  of  the  skull  or 
upper  extremities.  Paget  himself  suggested 
that  the  bones  increased  in  length  as  well  as 
in  other  dimensions  and  that  the  fixation 
of  the  extremities  of  these  softened  bones 
by  the  investing  tissues  produced  the 
cur\ature.  Glutton^-  clearly  demonstrated 
increase  of  length  m  a  humerus.  At  a  much 
later  date  Scrimger  et  al.-  considered  that 
increase  of  length,  fixation  by  soft  tissues 
and  malleability  of  bone  work  together 
to  produce  the  deformit\.  This  view 
appeals  to  the  writer  as  being  the  true 
explanation  of  the  occurrence,  for  the 
reason  that  the  changes  ha\'e  a  constancy 
never  observed  in  any  other  deforming 
condition;  and  further,  the  bowing  is 
always  to  the  side  opposite  the  greatest 
mass  of  soft  tissue.  The  similarity  between 
the  illustrations  of  Paget's  disease  has 
been  referred  to,  and  it  might  be  said  that 
any  two  pagetics  vary  in  their  deformity 
only  in  degree. 

Deformity  of  the  skull  which  has  been 
particularly  studied  by  Leri^^  and 
Regnault^^  presents  the  same  constancy 
as  that  of  the  trunk  and  limbs.  Leri 
explains  this  as  being  brought  about  b^' 
the  interplay  of  malleable  bone,  weight 
of  head  and  the  upward  thrust  of  the  spine. 
The  writer  would  add  as  a  determining 
agent,  fixation  of  the  base  of  the  skull 
bv  the  attached  soft  tissues.  Involvement 
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of  the  bones  of  the  extremities  and  trunk 
would  produce  no  particularly  unusual 
symptoms  as  ccMiipared  with  the  skull. 
Here  the  possibilities  of  the  development 
of  peculiar  symptoms  are,  through  pressure 
on  cranial  nerves,  almost  endless.  Leri  has 
conclusively  shown  that  narrowing  of  the 
openings  of  the  skull  is  of  almost  constant 
occurrence.  Schuller''  mentions  a  case  of 
the  disease  restricted  to  one  temporal 
bone  with  ear  symptoms,  and  the  literature 


Fig.  I.  No.  8840.  Osteitis  fibrosa  cystica.  Showing 
enlargement,  textural  change,  deformity.  Contrast 
with  changes  of  osteitis  deformans  and  note  strict 
diaphyseal  location.  This  patient  was  under  observa- 
tion four  years.  An  example  of  osteophistic  metas- 
tatic carcinoma  is  omitted  for  the  reason  that  a 
suitable  case  for  reproduction  was  not  available. 

records  man\  instances  of  affections  ot 
the  organs  of  special  sense.  In  this  con- 
nection it  should  be  mentioned  that  the 
teeth  are  occasionally  extruded  when  there 
is  involvement  of  the  alveolar  processes. 
This  with  involvement  of  the  palate  bone 
can  also  greatl>  diminish  the  capacity  of 
the  oral  caN'ity.  Abbe"'  has  written  on  the 
surgical  aspect  of  this  aUeolar  enlargement. 
One  of  the  cases  of  Paget's  second  .scries'^ 
had  a  huskiness  of  the  voice  which  the 
author   attributed    to   the   enlaruement   of 


the  hyoid  bone  which  was  pronounced.  The 
writer's  third  case  had  a  trigeminal  neu- 
ralgia, and  in  addition  an  uncertain 
history  of  nasal  obstruction  and  dysphagia. 

Before  leaving  the  matter  of  special 
symptoms  that  might  arise  when  Paget's 
disease  involves  the  skull,  it  should  be 
said  that  osteitis  deformans  of  the  skull 
merits  the  close  attention  of  the  rhinologist, 
ophthalmologist,  otologist,  neurologist  and 
the  oral  surgeon. 

Summarizing  the  symptoms  of  Paget's 
disease:  they  may  be  considered  as  almost 
wholly  objective,  and  are  only  distinctive 
late  in  the  affection,  at  which  time  they 
are  unique. 

From  the  foregoing  it  is  clear  that  the 
diagnosis  of  Paget's  disease  must  rest 
almost  entirely  on  objective  findings.  There 
should  be  no  difficulty  in  arriving  at  a 
correct  diagnosis  at  the  time  when  the 
patient  presents  himself,  as  usually  this 
is  at  a  late  period  in  the  disease  and  the 
characteristic  objecti\"e  findings  are  all 
present.  Early  cases  of  the  disease,  when 
encountered  incidental  to  a  roentgenolog- 
ical examination,  present  more  difficulties. 
The  writer's  experience  leads  him  to  believe 
that  the  disease  is  never  recognized  as  long 
as  it  remains  localized  or  partially  so. 
It  certainly  never  is  unless  recourse  is 
had  to  .v-ray  examination. 

In  the  course  of  experimentation  with 
the  .v-ray  in  1896  by  Levi  and  Londe'*'  in 
Paris,  a  specimen  of  dried  pagetic  bone 
was  used.  It  is  of  interest  that  the  expo- 
sures were  of  ten-minute  duration.  Kien- 
bock,'*  in  1902,  claims  a  characteristic 
.v-ray  appearance  for  pagetic  bone.  The 
same  conclusion  was  reached  at  about  the 
same  time  by  Beclcre.''"'  Practically  all 
subsequent  writers  on  the  subiect  ha\e 
referred  to  the  .v-ray  appearance  in  this 
disease.  It  has  been  especially  studied 
by  Leri'''  whose  work  will  be  referred  to 
again. 

Radiographic  lindings  in  osteitis  defor- 
mans may  be  said  to  consist,  in  the  order 
of  their  importance,  in  changes  in  texture, 
size,  form  and  outline  of  the  invoKed  bone. 
Of  these,  the  most  significant  is  the  increase 
in  bulk,  which  appears  neither  as  a  result 
of  an  internal  expanding  process,  nor  yet 
as    an    apposition    or    accretion    ot    bone. 
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Texturally  there  is  early  a  rarified  condi- 
tion (which  at  times  borders  on  the  cystic) 
manifested  in  the  cortex  of  long  bones. 
(See  Figs,  i,  2,  3,  4.)  For  the  homogeneous, 
smooth-textured,  compact  layer  is  sub- 
stituted a  wide-meshed,  coarsely  reticu- 
lated structure,  in  the  interstices  of  which 
there  is  a  softer  tissue  relatively  deficient 
in  calcium.  A  later  appearance  is  that  of  a 
bone  condensation  which  is  irregular, 
occurring    in    patches    and    quite    dense. 


Except  as  to  the  last,  an  appearance  simu- 
lating this  picture  is  occasionally  observed 
beneath  articular  cartilage.  It  is  extremely 
difficult  to  put  into  words  the  radiographic 
findings  in  pagetic  bones,  and  no  words 
are  of  themselves  as  descriptive  as  the  A-ray 
negative.  It  must  be  borne  in  mind  that 
what  was  said  as  to  the  characteristic 
findings  of  Paget's  disease  varying  with 
the  stage  of  de\eIopment  applies  as  well 
to  radiographic  as  to  clinical  examinations. 


Fig.  2.  Fig.  3.  Fig.  4. 

Fig.  2.  No.  26993.  Included  to  demonstrate  early  appearance  of  Paget's  disease  in  tibia.  Cortex  rare- 
fied, widened  and  encroaching  on  medullary  cavity.  Note  tliat  fibula  is  involved  throughout. 

Fig.   3.   Femur  of  same  patient  as  in  Figure  2.  Contrast  with  Figure  i.  Note  non-involvement  of  patella. 

Fig.  4.  Humerus  of  same  patient  as  in  Figure  2.  Note  early  process  in  cortical  bone  on  outer  aspect  at  mid- 
point. Considered  earliest  manifestation  of  Paget's  disease. 


These  two  processes  of  rarefaction  and 
condensation  go  on  side  by  side,  and  the 
predominance  of  one  or  the  other  gives  a 
rough  indication  of  the  stage  of  the  disease; 
the  former  being  the  primary,  the  latter  a 
secondary  and  apparently  reparative  proc- 
ess. Alterations  of  form  are  a  constant 
late  finding  and  are  of  sufficiently  distinc- 
ti\  e  character  as  not  to  be  confused  with 
those  of  other  states.  The  outline  of  pagetic 
bone  is  smooth  and  of  even  curvature 
radiographically,  without  either  projec- 
tions   or    superficial    losses    of   substance. 


Specifically,  osteitis  deformans  is  to  be 
differentiated  from  any  bone  condition 
producing  enlargement,  deformity,  rare- 
faction and  condensation  in  varying 
degrees.  These  conditions  are  syphilis, 
tumor,  chronic  inflammatory  states,  true 
hypertrophic  changes,  osteitis  fibrosa  cysti- 
ca, osteomalacia,  and  when  restricted  to 
the  skull,  hyperostosis  cranii  and  leontiasis 
ossium.  The  writer  has  had  no  oppor- 
tunity of  observing  either  osteomalacia, 
hyperostosis  cranii  or  leontiasis  ossium. 
He  would  judge  from  the  literature  that  it 
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is  extremely  doubttui  whether  hyperostosis 
cranii  exists  as  a  separate  entity.  Greater 
accuracy  would  seem  to  classify  such  cases 
as  either  osteitis  deformans  or  leontiasis 
ossium.  Between  the  last-named  and 
Paget's  disease  the  writer  is  of  the  opmion 
that  a  differentiation  could  always  be 
made  on  the  clinical  findings.  The  distinc- 
tive point  that  obser\'ers  of  osteomalacia 
bring  out  is  that  there  is  no  enlargement  of 


diaphyseal  in  location,  while  Paget's  disease 
is  not  so  limited. 

In  the  skull,  syphilis  shows  such  a  defi- 
nite surrounding  zone  of  reaction  combined 
with  such  an  obvious  process  of  destruc- 
tion and  repair  as  to  distinguish  it  clearly 
from  osteitis  deformans.  Of  neoplasm 
affecting  bone,  only  those  capable  of 
producing  ossification  should  cause  confu- 
sion. These  are  the  new  growths  originat- 


1-iG.  5.  Fig.  6. 

Fig.  5.  Case  I.  Upper  half  of  left  femur  and  adjacent  portion  of  pelvis,  showing  characteristic 

changes  in  both.  Note  deformity  (below)  of  old  fracture  and  fracture  line  above. 
Fig.  6.  Case  I.  Humerus  showing  characteristic  bone  change. 


bone  in  this  condition  and  such  dclorniitics 
as  occur  are  irregular,  inconstant  and  tend 
to  angulation.  Circumscribed  syphilitic 
Involvement  of  bone  is  so  e\idently  destruc- 
tive in  nature  with  loss  of  substance  and 
accompanying  repair,  manifested  as  a 
sclerosis,  that  there  is  little  likelihood 
of  confusion  with  osteitis  deformans.  The 
diffuse  form  of  syphilis  as  typified  in  the 
sabre  shin  has  as  its  distincti\e  feature 
such  evident  condensation  that  its  appear- 
ance is,  in  the  majority  of  instances,  char- 
acteristic.    It     is     furthermore    strikinglv 


ing  in  bone  and  metastatic  osteoplastic 
carcinoma;  the  former  produces  enlarge- 
ment either  by  an  expanding  process  from 
within  or  as  an  external  accretion  to  the 
bone,  the  finding  of  which  differs  from  the 
e\en  enlargement  of  Paget's.  Osteoplastic 
carcinomatosis  of  bone  does  not  snow  a 
symmetrical  increase  in  size;  such  increase 
as  does  take  place  is  usually  asymmetrical 
and  dcfinitel\'  the  result  of  irregular  depo- 
sition of  newly-formed  bone.  In  place  of 
rarefaction  there  is  usiiall\  a  great  increase 
of  bone  densitv. 
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Diffuse  in\ol\ement  ot  the  skeleton  by 
metastatic  solt  tumors  might  produce  a 
condition  remotely  resembling  the  rarefied 
stage  of  Paget's  disease. 

Chronic  inflammatory  states  of  bone 
should  be  readily  differentiated  because 
of  the  predominance  of  repair  processes; 
and  hence  great  sclerosis,  irregularity  of 
enlargement  and  outline,  the  presence  of 
sequestra,  and  such  deformity  as  may 
exist  will  hardly  be  of  the  even  curvature 
of  Paget's  disease. 

Osteitis  fibrosa  cystica  should  be  dis- 
tinguishable from  Paget's  disease  by  his- 
tory and  clinical  findings.  There  is  found  a 
diaphyseal  process  of  medullary  origin. 
Hypertrophic  states  in  bone  are  so  frankly 
increase  in  size  of  normal  tissue  that  they 
would  present  no  difficulties. 

A  description  of  4  selected  cases  that 
have  come  under  the  observation  of  the 
writer  follows : 

Case  I.  No.  6~54.  White,  male,  aged 
fiftv-three.  Nothing'striking  in  historv  until 


satisfactory  union;  six  months  later  again 
fractured  the  same  femur  at  a  slightly 
higher  level,  again  w  ith  good  repair.  X-ray 


Fig. 


7.  Case  I.  View  of  skull  showing  typical 
merit  of  Paget's  disease. 


v'ol\ 


Fig.  8.  Case  II.  Pliotograph  of  left  leg 
forward  and  outward  bowing 


Fig.  9.  Case  II.  Roentgeno- 
gram  of  left  leg. 


the'^forty-ninth  year  when  the  shaft  of  the      examination     at     that     time     raised     the 
left';femur  was  fractured  in  a  fall.  Prompt      question    of    the    presence    of    sarcoma. 
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Entered  the  Barnes  Hospital  Feb.  i6,  1920, 
for  study,  having  had  the  lower  end  of  the 
right  humerus  fractured  as  the  result 
of  considerable  \iolence.  Examination 
revealed  nothing  bearing  on  the  case 
except  the  fractured  humerus  and  an 
enlarged  left  femur.  No  deformities 
noticed. 

Laboratory       examinations       including 
Wassermann  reaction  were  negative.  The 


is  entirely  lost.  The  left  femur  shows 
unsymmetrical  enlargement  at  the  site  of 
the  fractures.  The  left  humerus  shows 
similar  processes  in\oKing  the  cortical 
bone,  as  is  observed  in  the  tibia  of  the  fol- 
lowing case. 

Case  II.  No.  6776.     White,  female,  aged 

fifty-eight.  History  irrelevant  to  condition 

up  to  four  years  ago  when  she  had  an  onset 

of  a  peculiar  train  of  symptoms  consisting 

of  nervous  tremors  and  pain  over  the 

left    side    of   the  body.   These  quite 

indefinite  symptoms  have  continued 

and    she    has    had   much   pain,  with 

some  enlargement  of  the  left  leg. 

Examination  reveals  nothing  strik- 
mg  except  a  spindle-shaped  enlarge- 
ment of  the  left  tibia  which  is  bowed 
out  and  forward;  and  e\idence  of  a 
mild  nephritis.  There  were  no  lab- 
oratory findings  of  moment  and  the 
Wassermann  reaction  was  negative. 
The   greatest  circumference  of  either 


cm. 


leng 


th 


It.  29.5  cm. 
of    either     lower 


It.  -9  cm. 

of  the  left  leg 
appearance 


of 


I"i<;.   10.  Fig.   i  i. 

Fig.  10.  No.  10159.  Changes  produced  by  antecedent  osteo- 
myelitis and  surgical  operation.  Introduced  for  contrast 
with  Figure  9,  Case  II. 

Fig.  1 1.  No.  8192.  Syphilitic'osteitis.  Introduced  for  contrast 
\vith"Figure  9,  Case  II. 


blood  calcium  was  13.4  mg.  per  too  ml.  of 
blood  serum.  A'-ray  examination  showed 
the  following:  "Typical  appearance  of 
Paget's  disease  in  the  upper  portion  of  the 
left  humerus,  lower  portion  of  the  right 
humerus,  upper  half  of  the  left  femur 
(See  Figs.  5  and  6)  left  half  of  the  ilium 
and  sacrum  and  in  the  skull.  The  last 
Is  enormously  increased  in  thickness 
throughout  the  calvarium.  (See 
The  outline  of  the  inner  and  outer 


Fig.   -.) 
tables 


rt.  2- 

The    rea 
extremity: 

rt.  78.5  cm. 

X-ray  examination 
showed  characteristic 
Paget's  disease.  (See  Figs.  8  and  9.) 
The  skeleton  was  elsewhere  negative 
except  for  a  slight  projection  from  the 
shaft  of  the  left  humerus. 

In  the  course  of  palpating  the 
affected  leg,  it  was  remarked  that  it 
was  strikingly  warmer  than  its  fellow. 
To  determine  whether  this  was  a  true, 
constant  ele\ation  and  not  simply 
a  temporary  phenomenon,  a  series  of 
diurnal  observations  over  a  period  of 
a  week  was  made.  Exact  methods 
of  measuring  this  rise  in  temperature  were 
not  available,  so  recourse  was  had  to  skin 
thermometers  applied  under  like  conditions 
on  the  two  sides.  These  readings  were  made 
over  both  tibiae,  where  they  were  subcuta- 
neous, and  also  o\er  the  thickest  portion  of 
each  calf.  Simultaneously  the  oral  tempera- 
ture was  taken.  The  observations  extended 
over  a  period  of  seven  days  and  showed  an 
average  of  4°C.  higher  temperature  o\er 
the   aiTected   than   o\or   the  opposite   leg. 
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the  oral  temperature  remaining  normal. 
To  see  what,  if  any,  part  the  cireulation 
played  In  the  produetion  of  this  phenom- 
enon, obser\"ations'  were  made  on  the 
volume  flow  of  blood  to  the  limbs  by  the 
method  of  Hewlett  and  Van  Zwaluwen- 
burg/"  Many  observations  were  made  on 
the  four  extremities,  a^eraging  as  follows: 

It.  leg  (affected)  rt.  leg  (sound) 
2.83  1. 14 

It.  arm  rt.  arm 
2.95  3.02 

Cutaneous  temperature  of  the  lower  extrem- 
ities, taken  simultaneously,  gave  the 
following  results : 

Tibia  surface       It.  34°  C.     rt.  3 1 .5°  C. 
Calf  28°  C.  28.5°  C. 

Oral  temperature    3-°  C. 

When  this  increase  in  surface  tempera- 
ture over  the  affected  bone  was  noted  the 
writer  was  unaware  that  this  observation 
had  previously  been  made.  The  literature 
reveals  that  this  phenomenon  has  been 
recorded  by  several  writers.  In  Paget's 
second  publication  he  mentions  it  as 
occurring  over  the  tibia  in  two  of  his  cases. 
Before  his  time  B.  Schmidt^^  in  i8~4 
records  the  occurrence  of  increased  heat 
over  the  tibia  in  a  condition  which  from 
his  description  was  unquestionably  osteitis 
deformans  and  to  which  he  applied  that 
designation.  Pozzi^-  mentions  a  local  eleva- 
tion of  temperature  without  fever  in  a 
case  of  Oliers.  Von  Kutscha^'  in  1906 
records  a  similar  finding.  Chartier  and 
Descamps"  noted  this  occurrence  over 
the  tibia,  right  arm  and  right  side.  Bart- 
lett,'**  1909,  also  noted  the  phenomenon 
and  stated  his  belief  that  it  was  an  early 
finding,  and  that  it  was  also  found  in 
Eades's  case.  Gaenslen,^^  1914-15,  noted 
an  increase  of  temperature  over  an 
affected  tibia  and  suggested  a  focal  infec- 
tion as  a  remote  cause.  Da  Costa'^  in 
192 1  mentions  that  increase  of  surface 
temperature  is  an  inconstant  symptom 
of  Paget's  disease.  Klippel  and  Pierre- 
Weil*^  are  the  only  writers  that  have 
devoted  particular  attention  to  this  symp- 
tom and  they  consider  that  it  is  due  to 
a  local  increased  thermogenesis,  and  not 

'  I  wish  to  acknowledge  my  indebtedness  to  Dr.  W,  S.  Priest, 
late  resident  of  Barnes  Hospital,  for  making  these  observations. 


to  an  increased  radiation,  although  they 
admit  that  their  methods  of  investigation 
were  crude  and  incapable  scientifically  of 
proving  their  contention.  They  were  very 
clear  that  there  was  no  evidence  of  local 
Inflammatory  process  as  ordinarily  seen, 
nor  was  there  local  e\idence  of  Increased 
vascularity. 

The  one  suitable  case  that  has  come 
under  observation  on  whom  a  comparative 
study  of  a  different  condition  could  be 
made  was  No.  8192,  a  syphilitic  with  a 
concurrent  tuberculosis.  The  Wassermann 
reaction  was  100  per  cent  inhibition, 
substantiated  unmistakably  by  clinical 
evidence  of  the  disease.  The  radiographic 
examination  revealed  a  typical  sabre  shin 
on  one  side  only.  (See  Fig.  1 1.)  Analogous 
temperature  readings  were  made  over 
both  tibiae  and  were  practically  identical 
showing,  however,  the  fluctuations  of 
temperature  which  were  evidently  a  part 
of  his  general  febrile  movement.  Unfortu- 
nately the  volume  flow  of  blood  could 
not  be  determined  in  this  case. 

Case  III.  No.  4669.  White,  female, 
aged  fifty-eight.  History  unimportant 
until  1909,  at  which  time,  following  the  ex- 
traction of  a  left  upper  molar,  pain  began  in 
the  upper  portion  of  the  left  side  of  the  face. 
In  1912  had  an  operation  for  "removal 
of  bones  in  the  nose."- The  nose  was 
treated  subsequently  over  a  period  of 
four  years  because  of  obstructed  breathing. 
Since  191 6  has  had  frequent  attacks  of 
neuralgic  pain  over  left  side  of  face. 
During  the  past  few  months  has  had 
slight  dysphagia.  Entered  hospital  Oct., 
19 1 7  for  tumefaction  of  left  superior 
maxilla  and  neuralgia. 

Physical  examination  shows  prominence 
of  the  left  side  of  the  face  which  is  tender. 
Teeth  are  widely  spaced,  the  alveolar 
processes  prominent  and  the  upper  incisors 
directed  backward.  There  was  an  evident 
trigeminal  neuralgia. 

Gasserian  operation  done  with  resulting 
Incomplete  relief  but  great  amelioration 
of  neuralgic  pain.  At  operation  there  was 
much  difficulty  encountered  because  of 
the  great  vascularity  of  the  skull,  which 
was  increased  in  thickness. 

X-ray  examination  revealed  the  follow- 
ing: There  are  no  findings  except  In  the 
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skull  and  bones  of  the  face.  (See  Figs,  into  the  calvarium.  The  left  superior 
I2,'!i3  and  14.)  There  is  thickening  of  the  maxilla  is  enlarged  and  decreased  in 
caUarium,    chiefly    through    an    increase     density  and  projects  beyond  the  mandible. 


Fig.  12.  Case  III.  Photograph  showing  asymmetry  of 
^   face  as  the  result  of  enlargement   of  bones  of  left 
side  of  face. 

in  width  of  the  outer  table.  Beginning 
in  the  left  vertical  portion  of  the  frontal 
bone,  about  2  cm.  above  the  orbital  roofs 


Fi<;.  14.  C^ase  111.  Kcentsen'igram  of  skull,  showing 
r.irelied  area  in  irontal  bone,  massive  alveolar  process 
of  upper  jaw,  displacement  of  anterior  upper  teeth 
•  ind  tluir  lack  of  bony  investment. 

and  as  far  forward  as  the  frontal  sinus, 
there  is  a  band  of  rarefaction  extending 
backward  to  a  point  abo\e  the  petrosal 
bone.    It  extends   Irom   the   base  well   up 


Fig.    13.   t^ase    III.   Showing  enlargement   of  alveolar 
process  of  upper  jaw  and  separation  of  teeth. 


The  upper  central  teeth  are  directed 
sharply  backward  and  have  little  bony 
investment   about   their  fangs   anteriorly. 

Examination  of  April,  1920,  shows 
increase  in  size  of  the  rarefied  area  pre- 
viously noted  and  an  operative  defect. 
The  maxillary  changes  are|  more  pro- 
nounced than  at  the  time  of  the  previous 
examination. 

The  fourth  history  is  included  in  this 
series  as  a  case  of  Paget's  disease  diag- 
nosed on  .v-ray  e\idence  alone;  such  evi- 
dence being  deemed  conclusive  enough  to 
justify  the  diagnosis.  A  single  lumbar 
\ertebra  (the  thirds  appeared  in  the  .v-ray 
plate  with  a  symmetrical  enlargement  and 
the  textural  changes  which  characterize 
Paget's  disease,  aIz.,  a  combination  of 
rarefying  and  condensing  osteitis  pro- 
ceeding simultaneously.  (See  Figs.  15  and 
16.)  Necessarily  there  can  be  no  deformity 
except  the  enlargement.  A'-ray  examina- 
tion of  the  remainder  of  the  skeleton 
showed  it  free  from  involvement. 

Case  IV.  No.'86228.  White,  male,  fifty- 
five  jears  of  age.  Clinically  the  history 
shows  nothing  of  moment  to  bear  out  the 
diagnosis.  The  patient  presented  himself  at 
the  dispensary  because  of  pain  in  the  back 
and  along  the  course  of  the  sciatic  nerve. 
Physical  examination  was  negative  except 
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for  a  muscle  spasm  in  the  lumbar  region,     suillcient  to  explain  the  local  increase    in 
Wassermann  reaction  negative.  This  case     temperature. 


Fig.  15. Case  IV.  Roentgenogram  of  lumbar  spine  show-        Fic.   16.  Case  IV.  The  same  as  Figure  1,-,  retouehed  tc; 
ing  enlargement  and  textural  ehange  in  third  lumbar  bring  out  features  mentioned, 

vertebra. 


is   considered   one   of  the   early   so-called 
mono-osteitic  type. 

Paget  calls  attention  to  the  great  vas- 
cularity of  pagetic   bone,   as   have   many 
writers  since.   Several  ha\e  observed  the 
enlargement  of  temporal  vessels  in  cases 
of  skull  involvement  which  they  reported, 
especially    Catola'"'    and     Pescarolo    and 
Bertolotti.'--'  The  illustrations  of  their  cases 
show  a  pronounced  increase  in  size  ot  the 
temporal  vessels,  and  this  is  also  observ- 
able   in    Da    Costa's"   latest   case.    Great 
vascularity    was    apparent    at    the    time 
of  operation  on  the  writer's  third  case,  as 
has  been  mentioned.  Increased  vascularity 
of  bone   in    Paget's   disease   can    be   con- 
sidered  as   established    beyond   doubt.    It 
exceeds  in  degree  that  of  some  types  ot 
tumor.  The  significance  of  its  occurrence 
is     not    apparent;     it     certainly     exceeds 
increased    vascularity    observed    in    infec- 
tious states  of  bone.  In  fact,  it  is  of  such 
degree  that  the  question  arises  as  to  its 
being   the    cause    of   the   osteitic  process. 
To  the  writer  it  seems  that  the  process 
in   the   bone    is   one   producing   increa.sed 
vascularitv,    but    this    in    turn    is    hardly 


The  nature  of  this  disease  can  be  said 
to  be  at  present  entirely  unknown.  Paget, 


Fir,.  IT.  No.  5-91Q.  Ineluded  to  show  patellar  and  tibial 
involvement.  Loose  fragment  the  result  of  ante- 
cedent fracture  of  patella.  This  history  not  included 
in  report. 

in  discussing  this  point,    states  that  it  is 
neither  of  a   hypertrophic   nor  neoplastic 
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nature,  although  it  has  some  features  of 
each.  He  conckided  that  it  more  closely 
resembled  an  inflammatory  process.  It  is 
pertinent  in  this  connection  to  call  atten- 
tion to  the  unique  findings  of  Hudelo  and 
Heitz, ''  in  whose  case  the  bones  of  the 
leg  had  fused  into  a  homogeneous  mass  of 
pagetic  bone. 

Before  closing  the  discussion  of  increased 
vascularity  in  Paget's  disease,  the  evidence 
points  to  the  forn^er  being  sequential  to  the 
latter  when  the  bone  changes  of  hyper- 
trophic pulmonary  osteoarthropathy  and 
those  found  in  local  circulatory  obstruc- 
tion are  borne  in  mind.  Some  other  factor 
than  simple  engorgement  must  come  into 
play  in  the  production  of  Paget's  disease. 

SUMMARY 

1.  Although  Paget's  disease  is  not 
common,  it  cannot  be  considered  rare.  In 
spite  of  the  ratio  of  incidence  reported  by 
Carman  and  by  LeWald,  the  probabili- 
ties are  that  if  sufficient  .v-ray  search 
were  made,  the  disease  would  be  more 
frequently  discovered. 

2.  This  disease  gives  a  characteristic 
x-ray  appearance  and  the  diagnosis  is 
justifiable  on  .v-ray  examination  alone  if 
such  exammation  reveals  in  the  order  of 
their  importance,  textural  changes  of 
bone  (a  combination  of  rarefaction  and 
condensation)  and  symmetrical  increase  in 
bulk  and  deformity. 

3.  From  the  standpoint  of  treatment  it 
is  useless  to  study  Paget's  disease  at 
present.  It  should,  however,  be  carefully 
investigated,  for  the  reason  that  there 
might  be  unco\ered  a  function  of  bone 
other  than  the  rather  passive  ones  of 
support  and  the  housing  of  blood-forming 
organs.  It  is  conceivable  that  aberrance 
of  this  possible  function  may  produce  the 
disease     known    as     osteitis    deformans.' 
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COMPLETE  ANTERIOR  DISLOCATION  OE  THE  DISTAL 
EPIPHYSIS  OF  THE  FEMUR* 

BY    THEODORE    WEST,    M.D. 

RVE,    NEW    YORK 


A  REVIEW  of  the  literature  will  show 
reports  of  numerous  cases  of  disloca- 
tion of  the  distal  epiphysis  of  the  femur, 
with  or  without  an  accompanying  fracture. 
It  is  also  recognized  that  dislocation  in 
the  anterior  direction  is  the  most  common. 
Notwithstanding  the  number  of  these 
cases  reported,  it  is  a  condition  not  fre- 
quently seen  and  probably  less  often  recog- 
nized by  the  average  practitioner,  since 
without  x-ray  examination  its  detection  is 
difficult.  Hence,  in  districts  where  this 
diagnostic  aid  is  not  available  the  true 
condition  may  easily  be  mistaken  for  a 
simple  fracture  of  the  lower  end  of  the 
femur. 

The  importance  of  recognizing  these 
cases  lies,  first,  (in  extreme  cases)  in  the 
immediate  danger  to  the  patient;  second, 
in  the  prognosis.  The  danger  is  caused  by 
the  compression  of  the  popliteal  vessels 
and  the  subsequent  gangrene  of  the  leg. 
Poland'  refers  to  se^•eral  cases  with  this 
unfortunate  result,  in  which  the  true  nature 
of  the  injury  was  not  determined  until  the 
amputated  extremity  was  dissected.  The 
prognosis  must  be  guarded  since  any  injury 
to  an  epiphyseal  line  may  destroy  the 
center  of  growth,  causmg  the  bone  thus 
affected,  to  be  shorter  than  its  fellow. 

This  epiphysis  is  the  first  to  appear, 
being  present  "in  utero"  and  demon- 
strable by  the  .v-ray  at  birth.  It  is  also  the 
largest  one  in  the  body,  and  the  forces 
exerted  upon  it,  due  to  the  arrangement  of 
the  muscles  and  ligaments  attached  there- 
to, render  it  the  more  liable  to  dislocation. 
Its  superior  surface  resembles  a  shallow 
saucer,  and  has  an  anterior  lip  that  extends 
upward  a  short  distance  on  the  diaphysis. 
It  is  firmly  attached  to  the  tibia  by  the 
crucial  and  lateral  ligaments  of  the  knee- 
joint,  and  by  the  gastrocnemius  and 
popliteus  muscles. 

The  gastrocnemius  arises  mostly  from 
the  posterior  surface  of  the  condyles  of  the 
femur,  only  a  few  fibers  coming  from  the 

■  Paper  submitted  with  application  for  membership  in  The 
American  Roentgen  Ray  Society,  1921. 

1  Poland.  John.  Traumatic  Separation  of  the  Epiphyses. 
London,  189S. 


diaphysis.  The  origin  of  the  popliteus  is 
the  outer  surface  of  the  external  condyle, 
posterior  to  its  center.  The  plantaris 
sometimes  has  a  few  fibers  of  origin  from 
the  posterior  surface  of  the  condyles.  The 
internal  lateral  ligament,  together  with  the 
tendons  of  insertion  of  the  internal  ham- 
string muscles,  extends  from  the  inner 
surface  of  the  internal  condyle,  posterior 
to  its  center,  to  the  inner  and  anterior 
part  of  the  tibia,  just  below  its  upper 
border. 

With  this  arrangement  it  is  evident  that 
the  tendency  of  both  the  ligaments  and  the 
muscles  is  to  push  the  epiphysis  forward, 
once  its  union  with  the  diaphysis  has  been 
disturbed.  It  is  also  easy  to  understand 
how  the  tibia  may  act  as  a  powerful  lever 
to  pry  it  loose. 

Etiology.  Age :  This  condition  may  occur 
at  any  time  before  ossification  of  the  femur 
is  complete  (this  is  usually  about  the 
twenty-third  to  the  twenty-fifth  year). 
Truesdell-  reported  a  case  caused  at  birth 
by  breech  extraction,  and  Poland'  men- 
tions a  case  found  in  a  fetus.  The  greater 
number  occur  between  the  tenth  and 
twentieth  years,  due  to  greater  and  more 
violent  activity  during  this  period. 

Sex:  Slightly  more  common  in  males 
because  of  their  rougher  sports. 

Trauma:  There  is  a  difference  of 
opinion  as  to  whether  direct  or  indirect 
A'iolence  is  the  more  common  cause,  but 
the  evidence,  seems  to  be  slightly  in  favor 
of  the  latter.  Any  violence  applied  to  the 
thigh,  while  the  leg  is  held  in  a  fixed  position 
(or  vice  versa)  may  produce  this  dislocation. 
Probably  one  of  the  most  frequent  causes  is 
a  fall  with  the  foot  held  fixed  and  elevated. 
Thus  a  fall  from  a  chair,  with  the  foot 
held  in  the  rungs,  or  from  a  wheel  with  the 
ankle  caught  in  the  spokes,  is  an  almost 
classical  cause.  Cases  are  reported  in  which 
the  only  trauma  was  an  unexpected  step 
downward.  The  traction  and  manipulation 
used  in  setting  a  dislocated  hip,  or  the 
traction   applied   in   the   treatment   of  a 

-  Truesdell.    Edward    D.     Birth    Fractures    ar.d    Epiphyseal 
Dislocations.  New  York,  1917. 
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tubercular  hip  ha\e  been  kno\\n  to  cause 
the  condition. 

Predisposing  factors:  Any  disease  aOect- 
ing  the  growth  or  development  of  the 
bones. 

The  followmg  case  is  so  typical  in  many 
respects  that  it  seems  to  merit  reporting: 


tion  a  large,  hard  protuberance  was  seen 
on  the  anterior  surface  of  the  thigh,  at  the 
knee.  Under  anesthesia  the  leg  was  ex- 
tended and  a  pillow  splint  applied.  In  this 
position  the  same  protuberance  was  noted. 
The  following  morning  the  leg  was  swollen 
and  slightly  cyanotic,  but  otherwise  there 
was  no  change  in  the  appearance. 

X-Rav  Examination.     Lateral  view:  The 


^ 


Fig.  I.  Lateral  (l)t.-f(iri'  i«liictli>n  i. 

Female,  aged  thirteen.  Well  developed 
and  nourished;  previous  and  family  history 
indicate  no  predisposing  diseases.  Patient 
was  climbing  out  of  a  farm  wagon,  her 
right  foot  placed  between  the  spokes  of 
the  wheel,  near  the  hub.  She  lost  her 
balance  and  fell  backward,  striking  the 
ground,  but  her  foot  remained  wedged 
between  the  s|)()kes,  with  the  knee  appar- 
ently flexed. 

After  the  loot  had  been  disengaged  from 
the  wheel,  it  was  found  that  she  could  not 
extend  the  leg,  and  on  pii\sical  exaniin.i- 


FiG.  2.  Anteropostirior  ^b^.■lurc  reduction  i. 

distal  end  of  the  diaphysis  was  displaced 
backward,  its  anterior  border  being  almost 
on  a  line  with  the  posterior  border  of  the 
tibia,  and  its  posterior  border  directly 
subcutaneous.  Its  lower  border  was  irreg- 
ular and  rough.  The  condyles  were  seen, 
lying  between  the  patella  and  the  diaphy- 
sis; their  inferior  borders  directed 
anteriorly,  their  posterior  borders  directed 
downward;  their  anteroposterior  axis 
parallel  with  the  \  ertlcal  axis  of  the  shaft. 

Anteroposterior  \  icw  :  But  little  informa- 
tion   could    be   gained    from    this    position. 
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except  that  the  condyles  could  not  be 
oriented,  and  that  the  diaphysis  ended  very 
abruptly  in  a  roughened  line,  having 
a  shallow  notch  in  its  center.  A  large, 
roughly  circular  shadow  was  seen  covering 
the  lower  four  inches  of  the  diaphysis,  and 
o\erlapping  both  sides  of  it. 

The  patient  was  again  given  an 
anesthetic;  the  leg  was  flexed  and  trac- 
tion was  applied  to  it;  pressure  in  the 
direction  of  the    foot  was  exerted    on  the 


epiphysis,  which  was  felt  to  return  to 
its  proper  position  in  relation  to  the  dia- 
physis; the  leg  was  then  extended  and  a  cast 
applied. 

Subsequent  .v-ray  examination  showed 
the  reduction  to  be  complete.  The  reco^•ery 
was  uneventful. 

Unsuccessful  efforts  ha\e  been  made  to 
have  the  patient  returned  for  further 
examination  to  determine  if  there  is  any 
difference  in  the  length  of  the  thighs. 


SECONDARY  SIGNS  OF  GALL-BLADDER  PATHOLOGY* 
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DURING  the  last  few  months  it  has 
been  called  to  our  attention  that  in 
some  of  the  leading  hospitals  of  this  country 
the  x-ray  is  not  looked  upon  with  fa\'or 
as  an  aid  in  the  diagnosis  of  gall-bladder 
disease.  Even  within  a  few  weeks  a 
patient  was  referred  to  our  office  with  the 
story  that  he  had  been  recently  .\-rayed 
in  a  neighboring  institution  for  gall- 
bladder trouble.  His  examination  proved 
negative,  but  he  was  informed  by  one  of 
the  staff  that  the  evidence  was  practically 
worthless,  as  in  their  experience  the 
x-ray  was  of  help  in  less  than  2  per  cent 
of  their  gall-bladder  cases.  This  institu- 
tion seems  to  lack  nothing  in  the  way  of 
material  and  equipment,  and  the  personnel 
of  its  staff  consists  of  leaders  in  the  medi- 
cal world. 

Observing  this  atmosphere  of  doubt 
and|skepticism  emanating  from  the  Roent- 
gen Department  of  a  great  teaching 
hospital,  we  naturally  have  become  some- 
what disturbed. 

We  began  to  inquire  of  ourselves, 
"Can  it  be,  after  these  years  of  apparent 
greater  or  less  success  in  using  the  .v-ray 
for  the  diagnosis  of  gall-bladder  disease, 
that  all  this  time  we  have  been  mistaken 
in  our  conclusions,  that  we  unwittingly 
have  been  fooling  not  only  the  patients 
and  our  consultants,  but  also  oursehes?" 
With  such  an  array  of  medical  talent 
apparently  diametrically  opposed  to  one's 
firm  belief  in  regard  to  the  x-ray,  it  would 
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behoove  an  ordinary  roentgenologist  to  take 
a  very  exhaustive  account  of  stock,  carefully 
distinguishing  between  fact  and  fancy, 
before  attempting  to  override  this  solid 
barrier  of  unbelief. 

Is  it  possible  to  harmonize  satisfactorily 
or  explain  these  two  extreme  points  of 
view?  Can  our  claims  for  the  .v-ray  in 
gall-bladder  work  stand  the  test  of  scientific 
investigation,  or  are  they  built  on  shifting 
sand  and  ready  to  collapse  under  the  slight- 
est stress? 

Ten  years'  experience  in  the  search  for 
the  elusive  gall-stone  has  shown  not  only 
some  vulnerable  points  in  our  own  armor, 
but  also  some  weaknesses  in  the  logic  of 
our  skeptical  friends.  I  want  briefly  to 
discuss  some  of  these  lessons  which  experi- 
ence has  taught  us,  with  the  hope  that 
this  difference  of  opinion  can  be  shown  to 
be  more  apparent  than  real. 

First,  let  us  consider  the  matter  of 
statistics.  Figures  themselves  do  not  lie, 
but  certain  use  of  figures  may  sometimes 
gi\e  a  false  impression  and  render  the 
writer  justly  liable  to  adverse  criticism. 
Correct  conclusions  can  never  be  drawn 
from  premises  which  are  false  or  incomplete. 
Gall-bladder  statistics  are  usually  derived 
from  premises  which  of  necessity  are  in- 
complete, and  for  this  reason  are  not  only 
worthless,  but  may  be  almost  vicious, 
in  that  they  give  a  false  sense  of  security. 
This  fact  has  long  been  appreciated  by 
the    great    majority,    but    unfortunately, 
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even  today  we  read  of  men  attempting 
to  prove  the  success  of  their  gall-bladder 
work  by  quoting  various  high  percentages 
of  correct  diagnoses. 

The  only  cases  in  which  one's  gall- 
bladder diagnoses  can  be  checked  up  are 
those  which  come  to  operation.  Now,  it 
requires  no  great  stretch  of  the  imagination 
to  appreciate  that,  in  any  condition 
serious  enough  to  warrant  surgical  treat- 
ment, the  symptoms  are  going  to  be  fairly 
definite  and  the  local  condition  sufficiently 
advanced  to  make  comparatnely  easy 
both  correct  clinical  and  .v-ray  diagnoses. 
It  is  evident  then,  that  diagnostic  results 
computed  on  operated  cases  alone  will  have 
an   abnormally   low  percentage  of  errors. 

Furthermore,  these  operated  cases  form 
a  comparatively  small  part  of  all  those 
coming  for  gall-bladder  examinations.  As 
for  that  great  number  of  cases  in  which 
the  clinical  picture  is  doubtful,  which  are 
not  ill  enough  to  require  surgery,  and  in 
which  the  -V-ray  might  be  of  the  greatest 
value,  in  none  of  these  can  the  correctness 
of  the  .v-ray  be  confirmed.  Not  infre- 
quently, the  high  percentages  based  on 
operated  cases  are  wrongly  applied  to 
this  great  mass  of  unproven  cases. 

Another  source  of  possible  statistical 
misinformation  is  the  not  uncommon  habit 
of  including  in  one's  figures  what 
are  termed  correct — "negative"  opinions. 
Here  again  the  law  of  chances  helps  to 
boost  the  percentages  of  what  seem  to 
be  correct  .•v-ray  diagnoses.  For  example, 
some  men  routinely  examine  the  gall- 
bladder area  in  all  cases  coming  for  a 
gastrointestinal  examination.  In  the  great 
majority  of  cases,  for  example,  those 
showing  a  chronic  appendix,  intestinal 
cancer,  duodenal  ulcer,  etc.,  the  gall- 
bladder area  will  be  reported  as  negative. 
Many  of  these  patients  come  to  operation 
and  after  the  appendix  or  ulcer  has  been 
removed  the  surgeon  examines  the  gall- 
bladder and  reports  to  the  roentgenologist 
that  it  was  normal.  That  case  is  imme- 
diately listed  as  a  correct  .\-ray  diagnosis 
of  the  condition  of  the  gall-bladder. 
Theoretically,  this  may  be  an  honest 
procedure.  Practically,  howe\er,  it  is  very 
misleading  as  far  as  giving  any  true 
indication  of  the  real  value  of  the  .v-rav  in 


diagnosing  gall-bladder  disease  is  con- 
cerned. In  other  words,  in  this  class  of  cases, 
the  roentgenologist  does  not  need  to  expose 
e\en  one  film.  If  he  simply  will  pass  a 
negative  opinion  as  to  the  gall-bladder, 
the  percentage  of  correct  guesses  will 
be  very  nearly  loo. 

Furthermore,  the  roentgenologist  may 
be  greatly  assisted  in  obtaining  a  high 
percentage  of  positive  diagnoses  of  gall- 
bladder pathology,  if  he  has  a  careful  and 
persistent  pathologist.  I  think  it  is  worth 
considering  that  the  same  may  be  true  of 
the  gall-bladder  that  is  frequently  stated 
of  the  appendix:  "No  appendix  is  ever 
normal  in  adults  over  twenty-three  years 
of  age."  If  your  pathologist  will  hunt  long 
and  carefully  enough,  he  is  likely  to  find 
some  slight  evidence  of  chronic  inflamma- 
tory changes  in  every  adult  gall-bladder. 
Of  course,  this  change  may  ha\e  nothing 
to  do  with  the  patient's  symptoms,  but 
nevertheless  it  sa\es  the  roentgenologist 
from  an  error. 

In  addition  to  the  fallacy  of  statistics 
there  is  another  habit  which  may  be 
legitimately  questioned.  It  is  not  impossi- 
ble that,  in  interpreting  gall-bladder  films, 
the  roentgenologist  may  be  unduly  influ- 
enced by  the  clinical  evidence. 

If  a  jaundiced  woman  of  middle  age 
comes  for  examination  with  pain  under  the 
right  costal  border  radiating  to  the  right 
shoulder,  it  is  not  unreasonable  to  expect 
that  the  roentgenologist  will  search  a  little 
harder  or  use  his  imagination  a  little  more 
in  seeking  gall-bladder  e\"idence  in  this 
type  of  patient,  than  in  the  case  of  a  young 
man  who  presents  himself  for  a  diagnosis, 
complaining  of  distress  in  the  median  line 
two  hours  after  eating,  with  a  story  of 
\()miting  blood. 

I  think  it  is  fair  to  admit  that  not  infre- 
quently a  high  percentage  of  correct 
diagnoses  are  claimed  for  the  .v-ray  when  as 
a  matter  of  fact,  the  roentgenologist  is 
enough  of  a  clinician  to  be  a  \ery  good 
"guesser"  when  it  comes  to  reading  the 
.v-ray  films. 

Let  me  suggest,  therefore,  in  making 
claims  for  the  value  of  the  .v-ra\'  in  ga  1- 
bladder  work,  that  we  clearly  distinguish 
between  clinical  and  .v-ray  e\idence,  putting 
the  credit  for  the  diagnosis  w  here  it  belongs. 
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Again,  in  discussing  from  time  to  time 
with  \arious  roentgenologists  the  reasons 
for  their  apparent  lack  of  success  in  this 
line  of  work,  I  have  observed  that  the  most 
frequent  cause  of  failure  seems  to  he  in  a 
lack  of  appreciation  of  the  relative  value 
ot  the  diflerent  cLisses  of  .v-ray  evidence  of 
gall-bladder  disease. 

We  ha\"e  been  accustomed  to  divide 
.v-ray  e^':dence  of  gall-bladder  pathology 
into  two  groups:  direct  and  indirect.  In  the 
class  of  direct  e\"idence  we  put  the  demon- 
strable stones  and  the  visible  gall-bladders. 
In  the  class  of  indirect  or  secondary  evi- 
dence are  put  the  demonstrable  changes 
produced  in  other  organs  by  gall-bladder 
disease. 

I  wish  to  emphasize  most  strongly  that 
of  these  two  classes,  the  class  of  indirect  or 
secondary  evidence  is  by  far  the  more 
important  in  the  establishing  of  an  .v-ray 
diagnosis  of  gall-bladder  pathology.  I  feel 
that  probably  two  thirds  of  our  diagnoses 
are  based  solely  on  this  class  of  indirect 
evidence.  I  also  believe  the  converse  is 
true:  that  probably  less  than  a  third  of  all 
cases  of  gall-bladder  pathology  will  show 
definite  direct  e\'idence,  such  as  gall-stones 
or  a  visible  gall-bladder. 

It  is  e\'ident,  therefore,  that  without  an 
intelligent  comprehension  of  what  this 
secondary  evidence  is  and  an  appreciation 
of  its  value,  one  cannot  hope  to  find  the 
.v-ray  of  help  except  in  a  comparati\ely 
small  percentage  of  the  gall-bladder  cases. 

I  will  not  attempt  at  this  time  to  describe 
in  detail  the  various  types  of  secondary 
evidence,  but  will  simply  enumerate  the 
more  common  phases. 

I.  The  first  group  of  indirect  evidence 
includes  the  pressure  deformities.  Due  per- 
haps to  increased  internal  tension  or  to  a 
thickening  of  its  wall,  the  gall-bladder  may 
produce  unusual  pressure  on  some  of  the 
adjacent  organs.  The  duodenum  is  most 
frequently  affected.  The  typical  curve  of 
the  gall-bladder  may  be  seen  on  the  exter- 
nal surface  of  the  duodenum,  or  occasion- 
ally on  its  superior  surface,  the  latter  best 
observed  in  the  lateral  view.  This  pres- 
sure from  above  frequently  produces  a 
characteristic  flattening  of  the  cap  almost 
pathognomonic  of  gall-bladder  disease. 
The  antrum  of  the  stomach,  particularly 


with  gall-bladders  which  are  enlarged, 
may  also  show  characteristic  pressure 
deformities. 

With  considerably  enlarged  bladders, 
as  in  cases  of  hydrops,  one  may  find  the 
effects  of  pressure  on  the  hepatic  flexure  or 
proximal  transverse  colon. 

2.  Another  group  of  secondary  e\idence 
consists  of  those  changes  due  to  adhesions. 
This  group  may  be  divided  into:  fixation 
of  adjacent  organs  by  adhesions,  and 
deformities  in  outline  of  adjacent  organs 
from  adhesions.  In  the  group  of  fixation 
due  to  adhesions,  the  fluoroscope  as  well  as 
the  plates  is  of  particular  advantage. 

The  stomach  and  the  first  portion  of  the 
duodenum  may  be  abnormally  fixed  o\"er 
to  the  right  side.  The  second  portion  of 
the  duodenum,  which  usually  lies  parallel 
to  the  long  axis  of  the  body,  may  be  dis- 
placed in  ^•arying  degrees  to  the  right,  m 
some  cases  lying  almost  horizontal  along 
the  under  surface  of  the  liver,  or  again 
appearing  to  hang  as  a  festoon  outlining 
the  lower  pole  of  the  gall-bladder. 

The  hepatic  flexure  and  proximal  trans- 
verse colon  occasionally  show  evidence  of 
fixation  due  to  gall-bladder  pathology. 
The  proximal  transverse  colon  may  be 
angulated  and  displaced  upwards,  a  condi- 
tion occasionally  termed  as  a  pseudo- 
hepatic  flexure. 

The  first  portion  of  the  duodenum  may 
show  an  irregular  outline  due  to  deforming 
adhesions.  The  duodenum  may  be  con- 
structed as  by  a  single  band,  or  present  a 
serrated  edge  as  though  an  entire  surface 
were  glued  or  adherent  to  the  gall-bladder. 
The  stomach  may  show  various  types  of 
adhesion  deformities,  all  of  which  differ 
from  the  deformities  due  to  gastric  lesions. 

The  colon  occasionally  shows  deformities 
characteristic  of  gall-bladder  adhesions, 
the  most  common  of  which  is  a  tab-like 
projection  pointing  upward  and  inward 
from  the  superior  surface  of  the  proximal 
transverse  colon. 

3.  In  the  study  of  the  stomach  and 
duodenum  for  typical  gall-bladder  spasm, 
the  fluoroscope  is  again  of  value.  I  believe 
there  is  room  for  considerable  advance  in 
this  particular  field  of  gastric  reflex.  It  is 
frequently  stated  by  clinicians  that  a 
diseased  gall-bladder  is  probably  the  most 
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frequent  cause  of  reflex  gastric  symptoms. 
It  is,  therefore,  reasonable  to  expect  some 
type  of  gastric  spasm  more  or  less  charac- 
teristic of  gall-bladder  disease.  We,  as 
well  as  others,  have  observed  that  gall- 
bladder disease  seems  not  infrequently  to 
be  associated  with  a  rather  extensive  tonic 
contraction  of  the  pyloric  half  or  third  of 
the  stomach.  When  this  type  of  spasm  is 
observed  persisting  in  several  films  or  the 
fluoroscope,  one  will  not  go  far  wrong  in 
immediately  suspecting  some  type  of 
gall-bladder  pathology. 

4.  Lastly,  the  ampulla  of  Vater,  when 
made  visible  by  the  retention  of  barium, 
in  our  experience  has  always  been  asso- 
ciated with  some  type  of  past  or  present 
gall-bladder  disease.  At  least,  this  holds 
true  in  all  our  operated  cases. 

May  I  emphasize  the  point  that  much  oi 
this  indirect  evidence  consists  of  very  slight 
variations  from  the  normal,  and  unless  the 
roentgenologist  through  experience  becomes 
familiar  with  these  changes,  they  often  will 
be  entirely  overlooked. 

Direct  evidence  when  present  is,  of 
course,  the  most  dependable  for  making  a 
positive  .x-ray  diagnosis.  Unfortunately, 
however,  this  type  of  e^•idence  seems  to  be 
found  only  in  a  minority  of  gall-bladder 
cases.  I  will  not  attempt  a  discussion  of 
gall-stones,  but  in  considering  the  visible 
gall-bladder  there  are  one  or  two  points 
where  mistakes  in  interpretation  are  com- 
monly made. 

I.  Not  infrequently,  a  food-filled  antrum 
of  the  stomach  will  cause  a  shadow  at 
times  simulating  very  closely  a  gall- 
bladder shadow'. 

Such  a  shadow,  howe\'er,  may  be 
differentiated  from  a  true  gall-bladder, 
first  by  the  fact  that  it  is  inconstant. 
Peristaltic  waves  may  alter  its  shape  fronr 
time  to  time.  If  a  second  examination  is 
made,  taking  precaution  to  ha\e  the 
stomach  empty,  this  shadow  will  not  be 
found.  Furthermore,  if  the  patient  is 
given  the  barium  meal,  the  clearlx'  defined 
antrum  will  be  found  to  correspond  exactly 
with  this  suspicious  shadow.  Finally,  in 
cases  where  the  shadow  is  due  to  stomach 
or  duodenum,  one  will  usually  liiid  a 
definite  line  or  margin  between  this  shadow 
and  the  edge  of  the  liver,  whereas  with  a 


shadow  due  to  the  gall-bladder,  we  find  it 
apparently  fused  and  a  part  of  the  liver 
shadow. 

2.  An  unusually  shaped  or  placed  kidney, 
or  a  kidney  overlaid  by  a  gas-filled  colon 
may  at  times  simulate  a  gall-bladder 
shadow.  Precautions  should  always  be 
taken  to  identify  the  right  kidney,  before 
designating  a  suspicious  shadow  as  due  to 
gall-bladder. 

3.  An  unusually  shaped  edge  of  the 
liver  may  be  confused  with  a  gall-bladder. 
The  presence  of  a  Riedel's  lobe  or  an 
unusually  prominent  fissure  may  be  the 
source  of  confusion. 

Again,  one  finds  erroneous  interpreta- 
tions of  the  ampulla  of  Vater.  One  must 
remember  that  the  ampulla  is  found  on 
the  inner  side  and  close  to  the  second 
portion  of  the  duodenum,  about  at  the 
junction  of  the  upper  and  middle  thirds. 
While  it  may  vary  somewhat  in  size,  it  is 
usually  smaller  than  a  pea.  Congenital 
di\erticula  are  not  uncommon  in  this 
region,  and  should  not  be  confused  with  a 
possible  ampulla.  These  congenital  divertic- 
ula may  occur  in  any  portion  of  the  duode- 
num and  may  project  from  any  surface. 
They  are  usually  larger  in  area  than  the 
shadows  produced  by  barium  in  the 
ampulla. 

In  addition  to  these  chances  for  error  in 
interpretation  which  can  account  for  some 
poor  results  in  gall-bladder  diagnosis,  we 
must  also  consider  how  far  faulty  technique 
is  to  blame  for  some  of  our  failures. 

While  the  fluoroscope  has  a  very  definite 
place  in  gall-bladder  work  and  is  perhaps 
indispensable  for  demonstrating  certain 
types  of  secondary  evidence,  still,  for 
consistently  successful  results,  it  is  of 
prime  and  fundamental  importance  that 
the  radiographic  method  be  employed. 
Those  who  habitually  use  the  screen  for 
gastrointestinal  diagnosis,  perhaps  taking 
an  occasional  routine  film,  are  at  once 
doomed  to  failure,  if  they  apply  this 
method  to  their  gall-bladder  work. 

Of  necessity,  the  fluoroscopic  method  has 
to  be  employed  in  many  of  our  large 
hospitals,  which  accounts,  to  my  mind,  for 
the  general  lack  of  enthusiasm  witli  which 
this  work  has  been  taken  up  in  many 
large  institutions. 
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A  persistent  use  of  films  with  intensifying 
screens  and  possibly  the  Bucky  diaphragm 
is  essential  for  any  sort  of  a  demonstration 
of  direct  gall-bladder  e\  idence.  Further- 
more, a  barium  meal  with  practically  a 
complete  gastrointestinal  examination  is 
required  to  bring  out  adec]uately  the 
secondary  evidence.  And  as  we  have  tried 
to  show  you,  without  this  secondary  evi- 
dence, the  -V-ray  will  be  of  value  in  only  a 
very  small  percentage  of  our  gall-bladder 
cases. 

Again,  the  patient  must  appear  for 
examination  with  the  gastrointestinal  tract 
empty.  Therefore,  those  who  use  the 
double-meal  method,  seeing  the  patient 
for  the  first  time  several  hours  after  the 
barium  meal,  are  at  once  precluded  from 
successfully  using  the  .v-ray  for  gall-bladder 
diagnoses. 

In  conclusion,  may  I  remind  you  that  I 
have  attempted  to  discuss  very  superfi- 
cially some  of  the  possible  causes  of  the 
wide  difference  of  opinion  which  still 
seems  to  exist  in  regard  to  this  gall-bladder 
work.  I  have  tried  to  show  you  wherein 
some  of  us  may  have  been  over-enthusias- 
tic in  our  claims  and  perhaps  have  based 
our  conclusions  at  times  on  rather  weak 
premises.  On  the  other  hand,  I  ha\e  tried 
to  explain  why  some  ha\e  failed  of  success, 
enumerating  some  of  the  common  pitfalls 
which  spell  defeat  in  this  line  of  work. 

May  I  assure  you  that  there  is  no  doubt 
in  my  mind  but  what  there  is,  somewhere 
between  the  two  extremes,  a  safe  and  sane 
ground  where  honest  and  careful  roent- 
genologists may  successfully  employ  the 
.\-ray  in  the  study  of  gall-bladder  disease, 
both  with  satisfaction  to  their  consultants 
and  profit  to  their  patients. 

DISCUSSION 

Dr.  Cole.  Dr.  Leonard  has  just  given  us 
what  seems  to  be  a  fair  analysis  of  the  value 
of  gall-bladder  diagnosis.  Having  been  trained 
in  the  office  of  one  considered  by  some  to  be 
over-enthusiastic,  it  seems  to  me  that  he  has 
given  an  unusually  weil-balanced  opinion  of  the 
value  of  this  method  of  diagnosis. 

We  can  stay  at  home,  we  can  work  hard,  and 
we  can  see  cases  and  pathology  there,  but  it  is 
only  at  these  meetings  that  men  make  up  their 
minds  to  do  things  which  they  have  not  clone 
before,  making  radical  changes. 


In  the  very  first  communication  which  I  gave 
on  this  subject  I  stated  that  we  should  consider 
the  indirect  or  secondary  evidence  first  because 
we  believe  it  of  greater  value  than  the  direct 
evidence.  In  a  case  that  presented  itself  for  a 
routine  examination  of  the  gastrointestinal 
tract,  including  the  gall-bladder  which  came 
with  obscure  symptoms,  if  the  roentgenograms 
showed  distinctly  a  group  of  gall-stones,  and 
there  was  no  indirect  evidence  of  those  gall- 
stones or  gall-bladder  pathology,  I  would  say 
that  that  evidence,  that  is,  the  gall-stones,  was 
of  far  less  clinical  and  surgical  significance  than 
another  group  of  cases  where  there  was 
characteristic  indirect  evidence,  but  no  stones 
shown.  I  will  go  so  far  as  to  say  that  I  believe 
that  in  those  cases  where  gall-stones  are  shown 
distinctly,  where  there  is  no  indirect  evidence  of 
adhesions,  there  is  not  sufficient  roentgenologi- 
cal evidence  upon  which  to  base  a  diagnosis  of 
pathological  gall-bladder  which  has  surgical 
significance. 

Therefore,  it  is  at  such  meetings  as  this  that 
we  make  up  our  minds  to  do  things.  So  far  as  I 
am  concerned  I  am  through  for  good  and  all 
examining  patients  solely  for  direct  evidence  of 
gall-stones.  If  they  want  an  .v-ray  examination 
solely  for  the  diagnosis  of  stones,  and  do  not 
want  a  complete  gastrointestinal  examination, 
they  can  go  to  other  roentgenologists,  but  I  am 
through. 

We  have  all  seen  time  and  again  this  pressure 
deformity  on  the  cap  where  there  is  indirect 
evidence  of  adhesions  which  hold  the  cap  in 
place  with  the  patient  in  ^•arious  postures. 
What  Dr.  Leonard  is  talking  about  is  that 
pressure  without  adhesions,  that  deformity  of 
the  cap  and  of  the  descending  duodenum 
without  evidence  of  any  other  secondary 
adhesions.  If  time  proves  that  this  is  a  valuable 
and  accurate  method  of  basing  a  diagnosis  of 
pathological  gall-bladder,  then  I  say  that 
something  new  and  valuable  has  been  presented 
at  this  meeting  by  one  of  our  own  members. 

There  are,  however,  pitfalls,  in  that  there  are 
other  things  in  the  right  hypochondrium  which 
will  give  that  pressure,  and  these  must  be 
differentiated  from  the  gall-bladder.  One  is 
the  caudate  lobe.  Pressure  of  that  lobe  on  the 
cap  might  lead  to  error. 

There  is  only  one  other  point  I  would  like  to 
make  about  this  indirect  evidence.  If  all 
deformities  of  the  cap  which  are  not  ulcers  were 
due  to  gall-bladder  adhesions,  the  going  would 
be  a  path  of  roses,  but  in  many  instances  we 
have  a  veil  or  membrane,  which  I  have  de- 
scribed at  previous  meetings,  which  is  the  "fly  in 
the  ointment."  You  must  attempt  to  differen- 
tiate those  that  are  of  gall-bladder  origin 
from  the  congenital  veils  or  membranes. 
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It  is  pertcctly  easy  for  the  surgeon,  il  lie  is 
familiar  with  the  surgical  appearance  of  the 
veil,  to  go  in  there  and  find  it.  If  the  surgeon  is 
intent  on  its  being  of  gali-l:)ladder  origin,  he 
takes  the  gail-jjladder  out  and  sends  it  to  a 
pathologist;  and  there  is  not  one  pathologist 
in  a  hundred  wlio  depends  for  his  salary 
on  the  hospital  who  will  not  report  it  as  gall- 
bladder patholofiy. 

Dr.  Baetjek.  I  think  Dr.  Leonard's  paper 
has  been  a  most  constructive  one  for  presenta- 
tion to  the  Society.  The  question  emphasized 
by  Drs.  Cole  and  Leonard,  of  indirect  evidence 
of  gall-lbadder  infection,  that  is,  the  relation 
of  the  gastrointestinal  tract  to  the  gall-bladder, 
is  extremely  important.  Up  to  the  present  time 
the  whole  question  has  seemed  to  center 
about  gall-stones,  and  undue  importance  was 
attached  to  their  detection.  A  great  proportion 
of  our  diagnosis  of  gall-bladder  infections 
rested  upon  the  detection  of  gall-stones.  Dr. 
Leonard  has  pointed  out  that  the  finding  of 
deformity  and  adhesions  of  the  duodenum 
is  really  of  more  importance  than  the  finding  of 
gall-stones.  It  seems  to  me  that  this  is  a  most 
logical  conclusion  to  arrive  at,  and  that  it  will, 
once  and  for  all,  reduce  the  great  importance 
which    heretofore    has    been    attached    to    the 


detection  of  gall-stones.  It  also  seems  to  me 
that  we  will  really  be  giving  more  aid  to  the 
surgeon  by  telling  him  of  the  presence  or 
absence  of  adhesions.  In  the  same  way,  after 
an  operation,  the  question  of  adhesions  is  a 
very  important  one,  and  there  again,  we  will 
be  able  to  render  material  assistance.  It  seems  to 
me  that  we  have  at  last  arrived  at  the  true 
basis  for  the  study  of  diseases  of  the  gall- 
bladder. 

Dr.  Leon.^rd  (closing  discussion).  This 
is  not  a  reversal  of  form,  as  Dr.  Baetjer  said. 
It  is  simply  natural  progress.  We  first  looked 
for  gall-stones  and  then  we  looked  for  gall- 
bladder. Now  we  are  looking  for  secondary 
changes.  The  future  advance  of  this  work  is 
going  to  be  on  secondary  changes. 

The  matter  of  differentiating  the  pressure 
from  a  gall-bladder  and  from  other  things  is  a 
question  we  will  not  take  time  to  discuss. 
It  is  going  to  be  possible  to  make  satisfactory 
differential  diagnoses  of  these  pressure  and 
adhesion  deformities. 

The  matter  of  an  ambitious,  enthusiastic 
pathologist  is  an  important  thing.  The  state- 
ment that  every  person  over  twenty-three  has 
an  abnormal  appendix  is  I  think,  more  or  less 
true  of  the  gall-bladder  also. 
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THE  Solon  advises:  "A  book  should  not 
be  judged  by  its  cover."  To  decided 
advantage  may  this  dictum  be  heeded 
by  the  roentgenologist,  who,  to  date, 
in  his  study  of  disease  of  the  alimentary 
tract,  has  been  content  to  base  his  con- 
clusions on  the  changes  of  contour,  con- 
sequent to  pathological  changes  of  the 
hollow  viscera.  These  changes  are  revealed 
on  the  mucosa  before  the  deformity  of 
its  outline  is  produced.  Therefore,  demon- 
stration of  the  mucosa  will  ofl'er  much 
valuable  information  not  to  be  obtained 
by  the  contour  method,  and  at  an  earlier 
date. 

The  prime  object  of  this  work  was  the 
demonstration  of  the  gastric  rugae,  as 
an  indication  of  gastritis;  this  possibility 
having  suggested  itself  after  observing 
the  wide  \arlati()n  in  the  size  and  character 


of  these  folds,  particularly  during  fluoros- 
copy. Later,  It  seemed  that  such  study  of 
the  mucosa  offered  possibilities  In  demon- 
strating the  earlier  changes  of  the  organic 
lesion  and  In  the  more  detailed  study 
of  those  conditions  already  recognized 
by  the  present  day  routine  procedures. 
In  this  work  the  condition  of  the  gastric 
mucosa  has  been  studied  chiefly  through 
consideration  of  the  rugae.  Usually,  these 
folds  of  mucous  membrane  arise  in  the 
cardia  and  extend  downward  towards 
the  pylorus,  parallel  to  the  axis  of  the 
stomach  (Fig.  i);  frequently  those  near 
the  greater  curvature  are  obliciue  and  ma\- 
cross  from  the  postciior  to  the  anterior 
wall  (Fig.  2).  Near  the  greater  curvature 
also,  there  Is  frequently  seen  a  fragmen- 
tation of  the  rugae  (Fig.  3),  this  con- 
sistina;    of    a    division    of    the    folds    into 
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portions,  an  Inch  or  more  m  length,  which 
may    be    \ery    tortuous    (Fig.    4).     Then 


e\er,  there  is  tendency  towards  an  orderly 
arrangement  from  the  cardia  towards  the 
pylorus  (Fig.  5).  The  rugae  may  be  equally 
well  formed  on  the  anterior  and  posterior 
walls,  though  frequently  those  of  the  former 
are  not  nearly  as  well  marked.  There 
appears  no  common  arrangement  of  these 
mucosal  folds,  and  a  wide  variation  may 
be  noted  in  different  individuals.  Their 
formation  is  largely  dependent  upon  the 
muscularis  mucosa  and  the  degree  of  gastric 
tonus.  These  observations  tend  to  prove 
that  no  change  (active  or  passive)  of  the 
position  or  shape  of  the  rugae  occurs  while 
the  stomach  is  in  a  non-functioning  state 
(Figs.  6  and  7). 

In  the  anatomical  specimen,  tension 
tends  to  obliterate  these  folds,  but  on 
its  release  they  resume  their  appearance 
and  their  former  relation.  This  is  due  to 
the  fact  that  the  rugae  are  held  in  forma- 
tion by  loose  connective  tissue  which  per- 
mits of  their  disappearance  under  pressure. 
Consequently,  this  examination  is  best 
made     on     the     non-distended     stomach. 

In  our  work,  the  rugae  of  the  posterior 


Fig.    I.  Roc 

norm;il 


ntgenogram  of  mucosa,  demonstrating  the 
rugae  formation  of  tlic  posterior  wall. 


2.     Kocntgenogram    of    mucosa,    demonstrating 
normal  rugae  extending  obliquely  across  the  posterior 


Fig.    2.    R 

normal  ru^, 

wall  of  the  stomach 


too,  one  fold  from  the  cardia  may  divide 
or  there  may  be  a  fusion  of  several  which 
have  their  origin  abo\e.  Frequently,  how- 


Fic.  3.  Roentgenogram  of  normal  mucosa,  with  irregu- 
lar rugae  formation  at  greater  curvature. 

wall  have  been  studied  more  completely,  as 
this  region  is  much  more  frequently  the 
site  of  abnormalities.  As  noted  roentgen- 
ographicallv,    the   number  of  rugae  vary 
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with  the  type  of  stomach.  In  the  hyptnonic 
type  there  may  be  fewer  in  the  vertical 
than  in  the  horizontal  arm,  while  in  the 
hypertonic  variety  the  number  of  folds 
is  decreased  from  the  cardia  to  the  pylorus. 
The  orthotonic  stomach  usually  contains 
about  the  same  number,  throughout  its 
length.  The  rugae,  considered  normal,  as 


CONDITIONS    PKODUCINC    VARIATION 
OF  RUGAE 

The  rugae  vary  according  to  the  tone 
of  the  stomach.  When  the  tone  is  increased, 
the  surface  area  of  the  gastric  mucosa  is 
decreased,  with  the  result  that  its  folds 
are    thrown    closer    together    and  become 


Fig.  4.  Roentgenogram  of  anatomic.il  speeimen  of  stomach,  after  incision 
along  lesser  curvature,  (i)  Pars  cardia.  (2)  Esophagus.  (3-4)  Lesser 
curvature.  (5)  Pyloric  region.  Rugae  well  formed  on  anterior  and 
posterior  walls,  tortuous  in  region  of  greater  curvature. 


measured  on  the  roentgenogram,  (22  in. 
target  film  distance)  are  2  4  mm.  in  width. 
It  is  to  be  understood  that  the  foregoing  con- 
clusions arc  the  result  of  roentgenographic 
demonstration  of  the  mucosa  in  the  living 
subject;  unfortunately-,  these  cannot  be 
com[:)ared  directl\  with  those  noted  during 
autopsy  or  operation,  as  the  conditions 
at  such  times  are  totalK  different. 


more  prominent;  but  when  the  organ  is 
atonic,  the  surlace  area  is  increased  and  the 
mucosa  put  on  stretch  to  such  an  extent 
that  the  rugae  are  obliterated. 

In  hypertrophic  gastritis  there  occurs  a 
cellular  infiltration  of  the  mucosa  with 
resultant  thickening  of  this  coat;  and  in  the 
submucosa  there  occurs  a  connecti\e  tissue 
h\perplasia.    As    a    result,    the    rugae   are 
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enlarged,  and  of  somewhat  irregular  forma- 
tion,    and     tend     to     resist     obliteration. 

The  atrophic  type  of  gastritis  is  asso- 
ciated with  a  marked  thinning  of  the 
mucosa  and  all  coats  of  the  stomach  wall, 
consequently  is  characterized  by  an  absence 
of  rugae  formation. 

Accompanying  the  diffuse  infiltrati\'e 
carcinoma,  there  is  a  decrease  in  size  of  the 
stomach  and  an  atrophy  of  the  mucosa 
with  disappearance  of  its  folds.  Concerning 
the  condition  of  the  mucosa  with  carcinoma 
of  the  stomach,  Ewing,  in  his  excellent  work 
"Neoplastic  Diseases,"  states:  "A  rela- 
tively intact  mucosa  often  persists  in 
cancer  following  ulcer.  ...  In  some 
cases  an  adenocarcinoma  is  associated 
with  general  hypertrophic  gastritis.  Chronic 
productive  gastritis  with  atrophy  is  the 
most  frequent  condition,  as  was  early 
shown  by  Fenwick.  .  .  .In  diffuse  car- 
cinoma, the  mucosa  has  been  found  atro- 
phic, with  or  without  extensne  erosion.  .  .  . 
In  diffuse  colloid  cancer  the  gelatinous 
nodules  may  be  widely  distributed  over 
the  mucosa."  In  his  reference  to  scleros- 
ing fibrocarcinoma,  or  Linitis  Plastica,  he 
states:  "The  mucosa  is  usually  thrown 
into  folds  or  nodular  elevations,  or  it  is 
thin,  eroded  or  ulcerated." 

From  these  statements,  then,  our  find- 
ings by  radiographic  demonstration  of  the 
rugae  might  well  be  inferred. 

Adenocarcinoma  is  to  be  recognized  b> 
the  presence  of  the  mass  projecting  into 
the  lumen  of  the  stomach,  while  the  rugae 
would  be  enlarged  or  absent,  depending 
upon  the  presence  of  hypertrophic  or 
atrophic  changes  of  the  mucosa. 

The  diffuse  carcinoma  presents  a  some- 
what smooth  mucosal  surface,  with  or 
without  evidence  of  ulceration.  This  type 
presents  a  very  characteristic  appearance 
with  its  stomach  often  of  decreased  size, 
absence  of  mucosal  folds  and  occasionally, 
also,  evidence  of  ulceration. 

In  the  scirrhus  type,  the  rugae  are  again 
absent  and  the  small  oval  or  rounded  nodu- 
lations  as  noted  abo\e,  are  demonstrable. 

In  gastric  ulcer  the  early  pathological 
process  is  erosion  of  the  mucosa,  which  may 
increase  in  size  and  depth  to  definite  crater 
formation.  The  former  would  be  repre- 
sented in  this  examination  bv  a  more  or 


less  rounded  collection  of  opaque  mixture, 
surrounded  by  rugae  of  perhaps  normal 
formation.  At  a  later  stage,  definite  con- 
tracture mayoccuratthe  point  of  ulceration 
due  to  the  newly-formed  cicatricial  tissue. 
In  this  instance  the  rugae  are  noted  as 
radiating  in  all  directions  from  this  point. 
Gastric  ulcer  is  frequently  accompanied  by 
a  chronic  hypertrophic  gastritis,  and  in 
that  case  the  rugae  are  noted  to  be  of 
increased  size. 


Fig.  5.  Roentgenogram  of  normal  mucosa — rugae  in 
orderly  formation;  those  of  the  pars  pylorica  not  well 
demonstrated  on  account  of  presence  of  secretion  and 
disturbance  by  palpation.  Small  amount  in  bulbus 
duodeni. 

Having  briefly  considered  the  gross 
pathological  changes  of  the  mucosa  conse- 
quent to  the  more  common  gastric  lesions, 
it  is  at  once  realized  that  any  information 
gathered  from  this  study  should  include: 

1.  Type  of  stomach 

2.  Size  of  stomach 

3.  Rugae 

(a)  number 

(6)  size 

(c)  course 

id)  continuity 

Mucosa 

(a)  regular 

, , ,  •  ,     1  eroded 

(6)  irregular,  ^^^^j^^ 


4- 
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Method.  A  fifty  per  cent  mucilage  of 
acacia  is  employed,  to  which  an  equal 
quantity  (by  volume)  of  bismuth  sub- 
carbonate  is  added.  The  official  U.S. P. 
mixture  contains  35  per  cent  acacia, 
but  as  usually  procured,  does  not  ha\'e  such 
content.  The  mucilage  as  suggested  is 
readily  made  by  adding  directly  powdered 
gum  arable  to  an  equal  volume  of  water; 
this  is  stirred  well  for  about  five  minutes 
and  allowed  to  stand;  after  a  short  time 


partially  recumbent  position  (about  10" 
incline)  on  the  fluoroscopic  table;  a  level 
teaspoonful  is  given.  In  this  work  a  table 
especially  designed  for  examination  of 
the  alimentary  tract  in  the  horizontal 
position  is  used.  This  consists  of  a  table-top 
(Fig.  8).  Its  upper  third  may  be  raised 
to  the  desired  angle,  as  a  simple  bed  rest. 
This  special  table  top  is  not  necessary, 
however,  but  con\-enient,  as  change  of 
position  of  patient  is  desirable  during  this 


Fig.   6.   Roentgenogram   of  normal   mucosa.    First 
exposure. 

a  clear  solution  will  result.  When  ready 
lor  use,  equal  quantities  of  bismuth 
subcarbonate  and  this  special  mucilage 
are  well  mixed.  It  is  easily  administered 
and  while  not  unpleasant,  the  taste  ma\- 
be  impro\cd  by  adding  a  very  small 
quantity  of  flavoring  agent.  Honey  has 
been  substituted  for  the  mucilage  of  acacia, 
but  tor  certain  reasons  has  not  served  as 
satisfactorily.  The  examination  is  best 
made  in  the  morning,  the  patient  having 
had  no  food  since  the  previous  evening 
and  having  previously  been  prepared  by 
catharsis. 

Adminislralion.     The     mixture     is     best 
adinmistered    while    the    patient    is    in    a 


Fig.  7.  Same  case  as  in  Figure  6,  exposure  being  made 
about  two  minutes  later,  patient  having  remained 
absolutely  still.  No  change  of  relation  or  position 
of  the  rugae  iias  occurred;  at  this  time  a  larger 
amount  has  reached  the  duodenum. 


procedure;  the  table-tilt  t\  pe  of  fiuoroscope 
would  probably  be  more  ad\antageous, 
since  a  constant  target  screen  distance 
is  maintained  with  increased  angulation. 
After  the  mixture  has  settled  in  the  pars 
cardia,  the  back  rest  is  elevated  gradually. 
The  patient  should  not  be  ])erniittcd  to 
raise  himself.  Obser\ations  are  made  until 
the  rugae  are  well  delineated.  Palpation 
is  undesirable,  as  it  produces  an  irregular 
distribution  of  the  mixture  and  changes  the 
conformation  oi  the  wall.  Exposures  are 
madedirectly  after  placing  the  sc  eened  lilm 
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in  position.  Stereoscopic  plates  have  also 
been  made  in  this  manner.  For  demon- 
stration of  the  anterior  wall  the  procedure 
is  applied  with  the  patient  in  the  prone 
position. 

Certain  obstacles  may  be  encountered 
in  the  attempt  to  coat  satisfactorily  these 
walls.  In  ulcer  or  other  cases  in  which 
secretion  is  excessive,  it  is  sometimes 
necessary  to  remove  same.  If  a  large 
amount  of  mucus  is  suspected  it  is  well 
also  to  irrigate  with  a  sodium  bicarbonate 


Differentiation  of  extra  gastric  pressure 
defects  from  intrinsic  lesions. 

The  more  satisfactory  examination  ot 
the  enterostomized  stomach. 

The  study  of  gastritis. 

Demonstration    of  the   small    intestine. 

I .  More  Detailed  and  Confirmative  Exami- 
nation oj  Gastric  Ulcer. 

Usually  gastric  ulcer  is  readily  recognized 
by  the  contour  method;  and  the  larger 
its  crater  the  more  easily  is  it  demonstrated. 
There    occurs,    howe\er,    occasionally,    a 


1-iij.  y.   Wcji.idcn   tiljli -tii[)  Hs  iiskI.   Note  l.)ot-biiard  tci  prcM-nt  slipping;  ol  p.iturU. 


solution.  Another  undesirable  feature  is 
the  deep  sheUing  of  the  cardiac  portion 
of  the  stomach,  which  may,  however, 
be  a\oided  to  a  large  degree  by  proper 
preparation. 

Special  attention  must  be  given  the 
consistency  of  the  mixture;  if  too  thick, 
there  occurs  a  tendency  to  traverse  the 
wall  en  masse  without  coating  It,  and  if 
too  thin,  it  too  readily  finds  its  way  to 
the  lower  pole. 

The  method  of  examination  as  suggested 
has  already  served  very  satisfactorily  in: 

More  detailed  and  confirmati\'e  evidence 
of  gastric  ulcer. 

More  complete  study  of  gastric  neo- 
plasm. 


lesion  of  such  small  size  or  so  shallow  that 
it  may  be  sighted  only  momentarily 
during  fluoroscopy.  Attempts  to  demon- 
strate again  this  condition  may  be  unsuc- 
cessful. Distention  of  the  stomach  by  a  large 
quantity  of  mixture  obliterates  such  a 
deformity  completely,  and  thus  the  find- 
ings are  indecisive.  A  second  type  of  ulcera- 
tion proving  evasive  Is  that  confined  to 
the  anterior  or  posterior  wall,  pars  pylorica, 
without  evidence  of  infiltration  or  spasm  of 
either  curvature. 

Radiographic  demonstration  of  the 
mucosa  offers  proof  conclusive  of  such 
ulcers,  since  the  mixture  invariably  finds 
its  way  Into  the  pouch,  however  shallow, 
and  adheres  to  this  localized  area.  By  this 
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means,  we  ha\e  been  able  to  render  a  defi- 
nitediagnosis  in  an  otherwise  indeterminate 
case. 

Further,  such  study  affords  valuable 
information  concerning  the  ulcer,  which 
has  already  been  recognized  in  the  usual 
way.  The  size  of  the  crater  may  be  more 
accurately  determined,  its  margins  more 
readily  demonstrated  as  well  as  the  con- 
dition of  the  surrounding  mucosa,  and  the 
degree  of  cicatrization.  The  latter  point 
is  distinctly  shown  by  the  course  of  the 
rugae  in  the  region  of  the  lesion.  With 
such  scarring  is  noted  a  puckering  at  the 


Fic.  Q.  Gastric  ulcer  of  lesser  curvature,  demonstrating 
collection  of  mixture  in  crater  and  rugae  radiating 
Irom  same  due  to  contracture  at  tfiis  point;  rugae 
ill-detincd  on  account  of  breathing. 

crater  with  radiation  of  the  surrounding 
rugae  from  that  point  (Figs.  9,  10  and  11). 
If  contraction  has  not  occurred  the  rugae 
extend  as  normally  (Fig.  13).  Again,  the 
rugae  accompanying  gastric  ulcer  may 
be  seen  to  be  definitely  enlarged,  due  to 
the  associated  hypertrophic  gastritis.  This 
method  then  oilers  a  more  complete 
examination  of  gastric  ulcer  and  should 
assist  materialh'  in  interval  studv  to  note 


the  progress  of  repair  during  treatment  of 
this  condition. 

2.  More  Complete  Sludy  oj  Gastric 
Neoplasm. 

The  roentgen  study  of  carcinoma  of  the 
stomach  by  the  usual  method  is  somewhat 
limited  by  our  inability  to  determine 
accurately  the  extent  of  the  infiltrati\e  type 
of  lesion.  As  one  might  readily  infer,  this 
point    is    more    definitely    established    by 


Lesser  curvature  ulcer,  with  cicatrization. 


observation  of  the  intima.  The  zone  of 
involvement  is  recognized  by  the  oblitera- 
tion of  rugae  in  a  rclati\  ely  small  stomach 
and  in  certain  cases  by  the  irregular  nodu- 
lar appearance  of  the  mucosa  (,Fig.  14). 
Such  a  picture  is  most  striking  and  not 
only  serves  as  an  indication  of  extent  of 
in\"olvement,  but,  more  important,  offers 
a  definite  diagnosis  to  the  less  experienced. 
It  may  not  be  amiss  to  remark  that  the 
infiltrative  variety  of  new  growth  may 
escape  detection,  as  its  early  recognition 
is  not  always  an  easy  task. 
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The  medullary  or  fungoid  growth  ordi- 
narily produces  a  typical  gross  defect. 
Consequently,  it  is  infrequently  oxer- 
looked,  and  examination  by  a  special 
method  is  rarely  necessitated;  yet,  in  the 
growth  of  small  size,  confirmation  may  be 
desirable.  Such  mass  is  represented  by  an 
absence  of  the  mucosal  folds  in  the  affected 
zone,  and  the  encircling  of  the  tumor  by 
the  mixture  so  that  it  is  directly  outlined. 
In  the  presence  of  an  accompanyuig 
atrophic  gastritis,  the  rugae  are  obliterated. 

3.  Differentiation  of  Extra  Gastric 
Pressure    Deject    from     Intrinsic    Lesions. 

Not  infrequently  a  regular  deformity  of 
one  or  the  other  curvatures  of  the  stomach 
confronts  the  roentgenologist,  and  demands 
a  differentiation  of  pressure  defect  from  an 
uitrmsiL'  lesion.  Ordinarily  this  is  easily 
and  satisfactorily  accomplished;  but  in  an 
exceptional  instance,  the  tinduigs  may  not 
be  conclusive. 

From  the  foregoing  description  of  the 
normal  and  pathological  mucosa  as  demon- 
strated radiographically,  one  immediately 
sees  the  marked  contrast  between  the  two 
cases.  In  the  case  of  deformed  contour 
resulting    from    an    extragastric    pressure 


an  infiltrated   mucosa  as  described  above 
are    seen    in    the    case   of   intrinsic    lesion 


Fig.  II.  Ulcer,  posterior  wall  of  stomach  with  less 
marked  contracture.  Mixture  has  passed  into 
jejunum. 


Fig.  12.  Examination  by  "contour"  method.  Note 
very  small  niche  oi'  ulcer  lesser  curvature,  pars 
media. 

defect,  the  rugae  of  a  normal  mucosa  are 
noted,  while  the  characteristic  findings  of 


Fig.  13.  Same  case  as  in  Figure  12,  demonstrating  ulcer 
much  more  satisfactorily;  note  that  radiating  rugae 
are  not  present. 

(Figs.    15  and   i6).  This  single  finding  at 
once    suffices    for    a    definite    conclusion. 
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4.  The  More  Satisfactory  Examination 
of  the  Enterostomi/.ed  Stomach. 

The  difficulty  encountered  m  directly 
demonstrating  the  stoma  by  the  commonly 
used  method  is  generally  appreciated.  Fre- 
quently, the  evacuation  of  the  liquid 
through  the  enterostomy  of  large  size 
is  so  rapid  as  to  render  its  visualization 
very  unsatisfactory;  then  too,  the  stoma  of 
high  position  is  frequently  obscured  by  the 
opaque  mixture  in  the  lower  pole  of  the 


I'lc.  14.  Mucosal  surlucc  ul  dilluse,  scirrhus  carcinoma 
ot  stomach  (autopsy);  note  absence  of  rugae  forma- 
tion and  nodulated  appearance  of  mucosa.  Too 
much  mixture  had  been  administered,  and  insulli- 
cicnt  time  allowed  for  the  evacuation  of  excess. 

Stomach.  With  the  method  suggested  the 
mixture  descends  the  posterior  wall  and 
in  its  slow  passage  through  the  gastro- 
enterostomy opening,  renders  this  portion 
plainly  visible  (Fig.  i-).  It  thereby  reveals 
the  slightest  deformity  of  its  contour, 
and  consequently  offers  a  more  efficient 
means  for  the  determination  of  patholog- 
ical states  of  the  newly-formed  canal  and 
the  jejunal  loop. 

5 .   The  St ucly  0/ Gastritis. 

Little  attention  has  been  paid  to  the  size 
of  the  rugae  as  an  indication  of  chronic 
hypertrophic  and   atrophic  gastritis,   pre- 


sumably because  these  folds  vary  so  widely 
in  different  individuals. 

In  hypertrophic  gastritis  the  mucosa 
itself  is  thickened  from  cellular  infiltration 
and  the  submucosa  presents  a  hyper- 
plasia of  connective  tissue  elements;  these 
changes  tend  to  produce  greater  promi- 
nence of  the  mucosal  folds,  by  their 
increased  size  and  irregular  course  ( Fig. 
18).  It  has  been  frequently  noted  radio- 
graphically  that  enlarged  rugae  accompany 
organic  lesions,  particularly  ulcers  of  the 
stomach,  less  commonly  of  the  duodenum. 
The  presence  of  an  associated  chronic 
gastritis  is  generally  conceded  in  these 
conditions,  and  it  is  therefore  assumed 
that  such  enlargement  of  the  rugae  is  due 
to  the  underlying  gastritis. 

Marked  variation  of  rugae  formation 
has  been  noted  in  cases  presenting  no  other 
c\  idence  of  abnormality.  It  was  best 
demonstrated  in  days  past  in  those  patients 
from  whom  a  pronounced  alcoholic  history 
was  elicited.  The  association  of  alcoholism 
and  gastritis  is  appreciated  and  for  this 
reason  also  the  enlarged  size  of  the  rugae 
was  considered  an  indication  of  the  hyper- 
trophic changes  produced  by  this  chronic 
irritant.  The  enlargement  and  irregularity 
of  the  rugae  referred  to  are  very  distinctive, 
and  by  this  method  contrast  with  those 
seen  normally.  As  mentioned,  the  atrophic 
type  of  gastritis  presents  a  marked  thinning 
of  the  mucous  membrane  and  consequently 
a  decrease  of  size  or  complete  absence  of 
rugae. 

6.  Demonstration  of  the  Small  Intestine. 

On  account  of  the  rapid  passage  of  the 
liquid  mixture  commonly  employed 
through  the  upper  small  intestine,  study 
of  the  jejunum  and  proximal  ileum  is 
rather  difficult,  but  in  the  method  suggested 
this  thicker  mixture  travels  more  slowly 
and  tends  to  coat  the  walls,  thus  rendering 
a  satisfactory  \isualization  of  them  (Fig. 
19).  Fortunately,  organic  lesions  of  the 
jejunum  and  upper  ileum  are  rare,  but 
for  certain  studies  one  nuiy  be  desirous 
of  luore  complete  radiographic  investiga- 
tion, and  in  this  e\ent  the  method  suggested 
oilers  such  an  opportunity. 

While  this  work  is  yet  incomplete  it 
is  anticipated  that  study  of  the  mucosa 
will  pro\e  of  further  advantage  in: 
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Fic.  15.  Roentgenol;  1,1  |jli  ;ilu  i  eontoui method.  Deform- 
ity of  lesser  curvature  to  be  dillerentiated  from  extra 
gastric  pressure  defect.  See  Figure  i6. 


Fig.  16.  Same  case  as  in  Figure  15.  Demonstration  of 
mucosa  reveals  an  intrinsic  lesion,  a  more  extensive 
carcinoma  than  might  be  suspected  from  examination 
by  contour  method.  The  spasm  of  greater  curvature 
is  not  noted  by  this  method,  as  in  previous  figure. 


Fig.  I".  Special  demonstration  (tt  ^,i  li '  k  nurtistomv  ; 
evacuation  through  the  newly  tormed  opening  was 
so  rapid  during  the  routine  examination  that  the 
stoma  could  not  be  visualized.  Note  how  well- 
defined  is  the  gastroenterostomy  opening  by  this 
special  method;  jejunal  loop  also  satisfactorily 
demonstrated. 


Fig.  i8.  -Mucosal  study  of  case  considered  to  be  chronic 
hypertrophic  gastritis;  no  organic  lesion  noted.  The 
rugae,  in  this  instance,  are  not  as  tortuous  as  those 
sometimes  noted. 
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The  detection  of  the  mucous  erosion. 

More  definite  differentiation  of  benign 
and  mahgnant  ulceration. 

The  differentiation  of  spasm  from 
organiclesion. 

The  differentiation  of  duodenal  ulcer 
and  periduodenal  adhesions. 

7.  Detection  0/  Mucous  Erosiim. 

A  simple  mucous  erosion  is  occasionall\ 
suspected  when  no  satisfactory  demon- 
stration of  it  is  afforded  bv  the  contour 


L 


Fic.   19.  Demonstration  of  upper  small  intestine  with 
aid  of  spi'eial  mixture. 

method  of  examination.  The  reason  for 
this  is  obvious,  for  it  cannot  be  expected  to 
produce  a  deformity  of  the  gastric  contour, 
as  the  lesion  is  confined  to  the  mucosa. 
Satisfactory  demonstration  of  the  mucosa 
should  supply  the  means  by  which  such 
erosion  could  be  detected.  While  a  case 
of  this  kind  has  not,  thus  far,  been  noted, 
we  have  been  able  to  demonstrate  much 
more  satisfactorily  an  ulcer  crater  so 
small  as  to  be  barely  detected  by  the 
routine  examination   (Figs.   12  and   13). 

8.  Further  Differenlialion  of  Benign 
and  Muliiinanl  Ulceration. 

No  hope  is  to  be  offered  in  the  differentia- 
tion of  the  gastric  ulcer,  which  appears 
macroscopically  benign  and  is  found  to 
be     mit-roscoi)icall\      malignant,     as     this 


variety  possesses  no  gross  qualities  by 
which  it  can  be  recognized.  The  differentia- 
tion of  ulcerating  new  growth  from  a 
benign  ulceration  is,  however,  possible, 
as  their  gross  characteristics  differ.  Ulcerat- 
ing cancer  is  often  surrounded  by  a  zone  of 
infiltration,  its  crater  is  usually  larger  and 
frec[ucntly  it  has  o\-crhanging  margins; 
while  the  benign  ulcer  usually  has  a  smaller 
crater,  with  less  marked  infiltration  of 
its  borders,  and  often  connective  tissue 
formation  with  contracture  at  the  ulcer 
site.  The  latter  is  an  important  feature  in 
this  connection  as  Ewing  states:  "Secon- 
dary ulceration  of  primary  carcinoma  rarely 
produces  marked  contracture  of  the  wall." 
The  condition  of  the  oxerhanging  ulcer 
margins  referred  to  might  be  demonstrated 
by  radiographing  the  crater  in  profile  after 
coating  the  intima  with  the  acacia  mixture. 

9.  Differentiation  of  Spasm  from  Organic 
Lesion. 

Demonstration  of  normal  rugae  such 
as  accompany  spasm,  at  once  differentiates 
it  from  an  organic  lesion,  and  renders  need- 
less the  antispasmodic  for  this  purpose. 
Moreover,  it  appears  at  pfesent  that 
spastic  phenomena  are  much  less  common 
with  this  examination  of  the  stomach 
in  the  resting  state,  as  compared  with 
the  distended  organ  during  the  routine 
examination  (Figs.  15  and  16).  It  is  hoped 
that  further  experimentation  will  aid  in 
more  definitely  establishing  this  impor- 
tant feature. 

10.  Difl'erentiati(m  oj  Duodenal  and  Pen- 
duodenal  Adhesions. 

Up  to  the  present,  satisfactory  work  has 
not  been  completed  in  this  connection, 
nor  has  sufficient  data  been  collected 
for  definite  statements,  but  it  seems 
logical  to  assume  that  demonstration  of 
the  duodenal  mucosa  is  also  practical  and 
the  differentiation  of  organic  lesions  of  the 
duodenum  from  spastic  and  adhesion  de- 
fects might  be  accomplished  by  this 
method.  If  this  is  sustained,  one  of  the 
great  sources  of  error  in  the  diagnosis 
of  disease  of  this  portion  can  be  eliminated. 
It  is  thought  that  the  deformit\-  due  to 
adhesions  and  spasm  of  this  ]Dart  are  much 
less  marked  with  this  method  than  when 
the  stomach  ami  iluodcnum  are  distended 
as  in  the  usual  examination. 
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The  method  described  may  also  serve 
in  the  case  of  the  patient  who,  for  one 
reason  or  another,  might  be  unable  to  take 
or  retain  the  amount  of  liquid  mixture 
necessary  for  satisfactory  examination  by 
the  commonly  used  method. 

It  is  sincerely  hoped  that  the  work 
suggested  will  stimulate  further  endeavors 
along  these  lines.  Up  to  the  present  time, 
relatively  little  attention  has  been  accorded 
the  condition  of  the  mucosa.  It  is,  never- 


theless, a  very  important  pathological 
feature,  a  knowledge  of  which  oilers  a 
keen  insight  into  the  gross  anatomical 
changes  of  the  hollow  viscera. 

The  radiographic  demonstration  of 
such  abnormalities  appears  so  char- 
acteristic that  it  should  also  serve  as  a 
corroborative  examination,  and  materially 
reduce  the  number  of  errors  of  the 
less  experienced  workers  in  the  radiological 
field. 


A  CASE  OF  SYPHILIS  OF  THE  STOMACH 

BY   SAMUEL   F.   WEITZNER,   M.D. 

Radiologist,    Lebanon  Hospital,  and  Associate  Radiologist,  Mt.  Sinai  Hospital 

NEW    YORK    CITY 


SYPHILIS  of  the  stomach  is  generally 
regarded  as  an  uncommon  disease, 
but  the  increasing  frequency  ot  reports 
of  cases  in  the  literature  indicates  that  it 
is  not  quite  as  uncommon  as  was  formerly 
supposed.  The  dithculty  in  diagnosis  lies 
in  establishing  a  connection  between  the 
local  gastric  lesion  and  the  general  disease. 

No  attempt  will  be  made  to  discuss 
gastric  syphilis  in  general  or  to  review  its 
literature.  It  is  desired  that  the  following 
be  considered  simply  as  a  case  report: 

Male,  sixty-one  years  old,  a  tailor  by 
occupation,  was  referred  for  roentgenolog- 
ical examination  of  the  gastrointestinal 
tract.  His  chief  complaint  was  cramps 
in  the  abdomen,  not  definitely  localized, 
but  slightly  worse  in  the  umbilical  region. 
His  cramps  began  eight  days  before  the 
x-ray  examination,  and  had  become 
gradually  more  severe.  He  was  nauseated 
and  had  vomited  some  bile-stained  fluid. 
There  was  no  blood  in  the  vomitus. 
There  was  no  fever  and  the  pulse  rate  was 
80  per  minute  and  of  good  quality. 

Past  History.  The  patient  denies  having 
had  a  chancre  or  any  secondary  syphilitic 
manifestations.  He  has  had  no  gastro- 
intestinal complaints  except  occasional 
constipation,  until  the  present  time.  There 
was  no  loss  in  weight  preceding  his  present 
illness. 

Physical  Examination  of  the  abdomen 
revealed  a  general  rigidity  of  the  abdominal 
muscles,    which    the    patient    could     not 


relax.  Satisfactory  palpation  could  not  be 
performed  because  of  this  muscular  tense- 
ness, but  a  definite  point  of  tenderness 
was  found  about  two  inches  above  the 
umbilicus  in  the  median  line.  Pupils  and 
knee-jerks  were  normal.  The  heart,  blood- 
vessels and  lungs  showed  no  unusual 
physical  signs. 

Roentgenological  Examination,  in  brief, 
showed  a  marked  filling  defect  in  the  pars 
media  of  the  stomach.  The  defect  involved 
both  the  greater  and  the  lesser  curvatures 
and  the  lesion  had  considerably  diminished 
the  capacity  of  the  stomach.  There  was 
no  gastric  residue  at  the  end  of  six  hours. 
Intestinal  motility  was  normal.  Conclu- 
sions: Large  neoplasm  in  the  pars  media 
of  the  stomach.  Because  of  the  large  size  of 
the  neoplasm  with  comparatively  moderate 
symptoms  and  very  recent  history,  syphilis 
was  suspected  and  a  Wassermann  test 
advised. 

Subsequent  History.  At  a  well-known 
hospital  to  which  the  patient  was  now 
taken,  a  diagnosis  of  inoperable  carcinoma 
of  the  stomach  was  made  and  the  patient 
returned  home.  In  the  meantime,  the 
nausea,  vomiting  and  cramps  had  ceased. 
Wassermann  tests,  now  performed,  were 
positive  (four  plus). 

Intensive  antisyphilitic  treatment  was 
instituted,  intravenous  arsphenaniine,  mer- 
cury intramuscularly  and  potassium  iodide 
by  'mouth.  The  rapid  subsidence  of  symp- 
toms   under   the   antisyphilitic   treatment 
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was  very  gratifying.  Early  in  the  course  of 
treatment  impro\ement  was  noted,  and 
by  the  time  the  entire  course  had  been 
administered,  the  patient  was  clinically  well. 
He  was  again  referred  for  examination 
exactly  six  months  after  his  first  exnmina- 


SUMMARY 


A  patient  sixty-one  years  old  begins  to 
complain  of  gastrointestinal  symptoms. 
Roentgenologic  examination  discloses  the 
presence  of  a    neoplasm   of  the  stomach. 


Fig.  I.  Filling  defect  in  pars  media. 

tion,  and  the  stomach  was  seen  to  be  radio- 
graphically  normal.  The  site  of  the  large 
defect  in  the  pars  media  now  showed 
normal  in  contour,  peristaltic  waves  were 
seen  to  pass  over  areas  which  they  had 
previously  skipped,  and  the  normal  capac- 
ity ot  the  stomach  was  restored. 


Fig.  2.  Six  months  later,  after  intensive  antisyphilitic 
treatment.  Stomach  normal  in  contour. 

which    might    readily    be    considered    of 
malignant  nature. 

Its  luetic  nature  was  proven  by  the  four 
plus  Wassermann  reaction,  and  the  rapid 
restoration  ot  the  stomach  to  normal, 
following  active  antisyphilitic   treatment. 


REPORT  OF  A  CASE  OF  ADENO-PAPILLOMA  OF  THE 

STOMACH* 


BY    I.    S.    INGBER,    M.D. 


SAN    FRANCISCO,    CALIFORNIA 


THE  general  belief  is  prevalent  that  all 
adeno-papillomata  of  the  stomach  are 
of  a  cancerous  nature. 

Most  of  the  accumulated  information  on 
this  subiect  has  emanated  from  patholog- 
ical institutes  where  the  studies  have  been 
based  on  specimens  found  at  necropsy  in 
patients  who  have  died  of  other  diseases. 

With  the  advent  of  the  roentgen  method 
of  examination  of  the  gastrointestinal 
tract,  we  are  slowly  accumulating  addi- 
tional valuable  information  about  these 
rare  types  of  gastric  tumors. 

History  of  Case 

Male,  aged  sixtj-;  occupation,  letter- 
carrier;  married,  and  father  of  healthy 
children. 

Family  History.     Negative. 

Past  History.  Had  pneumonia  ten  years 
ago.  Recovery  was  good;  no  complication 
or  sequelae. 

Present  History.  Patient  entered  hos- 
pital because  of  shortness  of  breath,  cough 
and  swelling  of  the  legs. 

Clinical  Examination.  Sputum  showed 
slight  traces  of  blood.  Negative  for  tuber- 
culosis. 

Wassermann. 

Blood  Count. 
ondary    anemia. 

Gastric  analysis  was  not  done. 

Patient  was  treated  for  his  cough,  dys- 
pnea and  swollen  legs,  which  promptly  im- 
proved under  rest  and  medical  treatment. 

Upon  further  questioning  of  the  patient 
after  reco\ery  from  his  actual  illness,  a 
story  of  the  gastric  disturbances  was 
elicited,  which  is  sufficiently 
to  be  recorded  in  full. 

The  patient  had  suffered  from  so-called 
dyspepsia  for  the  previous  eight  or  nine 
years,  for  which  he  took  numerous  medi- 
cines, but  without  relief. 

The  attacks  of  dyspepsia  were  periodical. 
The  patient  stated  that  with  the  onset  of 
such     an    attack,     he    would    regurgitate 


Negative. 

Showed  a  moderate  sec- 


interesting 


what  he  described  as  sweet  water.  The 
regurgitation  would  come  on  mostly  at 
night  between  i  and  2  a.m.  He  would 
be  awakened  out  of  a  sound  sleep  and  run 
to  the  bathroom  and  regurgitate  this 
so-called  white,  sweetish, w  atery  liquid. 
During  the  vomiting  attack,  according  to 


Fig.  I.  Refund  filling  defect  in  pars  media  showing  char- 
acteristic distribution  of  iDarium  mixture  in  area  of 
defect,  due  to  polypoid  character  of  growth. 

the  patient's  description,  his  stomach 
would  be  tied  up  into  a  knot.  This  feeling 
would  continue  for  about  five  minutes 
after  he  was  through  vomiting.  His  stomach 
would  then  relax  and  the  attack  would  be 
followed  by  general  abdominal  soreness 
which  would  last  for  about  one  hour. 
These  stomach  spells  would  occasionally 
occur  in  the  day-time,  but  only  after  eat- 


There  had  been  no  loss 


in 


the 


ing  certain  kinds  of  oranges  or  apples. 

of  weight 
past  ten  years. 

The  roentgen  examination  by  means  of 
the    customary    barium    and    buttermilk 
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mixture  showed  the  presence  of  a  round, 
circumscribed  defect  in  the  pars  media, 
situated  close  to  the  greater  curvature. 
Both  the  greater  and  lesser  curvature  were 
intact,  there  being  no  break  in  their  con- 
tinuity. The  defect  was  about  i '  2  in.  in 
diameter.  In  the  center  of  the  defect  were 
seen  small  strands  of  barium. 

There  was  no  delay  in  gastric  motility, 
the  stomach  being  empty  at  the  six-hour 
examination. 

Roentgen  Conclusions.  Polypoid  grow  th 
of  the  stomach  situated  in  the  pars  media. 

Operation.  The  tumor  was  found  on 
the  anterior  wall  of  the  stomach,  and  was 
removed  by  a  partial  resection  of  the 
anterior  wall.  The  patient  made  a  slow  but 
uneventful  recovery. 


Pathological  Findings.  Macroscopicalh' 
the  growth  presents  the  appearance  of  a 
cauliflower,  the  size  of  a  small  apple, 
arising  from  three  shghtly  separated 
peduncles. 

Vertical  sections  through  the  peduncle 
showed  the  gastric  wall  to  be  normal  from 
the  serosa  to  the  muscularis  mucosa.  The 
growth  arises  as  a  conglomeration  of 
\illous  processes  from  the  tunica  propria, 
branching  fan-like  from  the  peduncle,  the 
larger  branches  giving  off  secondary  pro- 
trusions. The  typical  glandular  structure 
of  the  fundus  portion  of  the  gastric  mucosa 
is  preserved  throughout.  Vascularization 
is  good.  There  is  no  evidence  of  malignancy. 

Diagnosis.  Adeno-papilloma  of  the  gas- 
tric mucosa,  non-malignant. 


DIAGNOSIS  OF  OBSCURE  ABDOMINAL  LESIONS  BY  THE 
ROENTGEN  GASTROINTESTINAL  EXAMINATION* 


BY    \V.    H.    DICKSON,    M.D.,    CM. 

Department  of  Radiology,  Toronto  General  Hospital 

TORONTO,    CANADA 


'^I^HIS  subject  as  presented  today  is 
-L  not  in  the  form  of  a  finished  investiga- 
tion, but  rather  a  report  of  a  few  notes 
and  observations  which  will,  we  hope,  be 
added  to  by  other  observers.  In  this  way 
will  be  built  up  a  method  of  diagnosis  of 
these  conditions  as  accurate  as  those  of 
gastric    ulcer    and    gastric    cancer    today. 

In  a  routine  hospital  clinic  the  radiologist 
is  often  confronted  with  a  case  where  the 
diagnosis  is  a  large  interrogative  mark; 
every  clinical  method  had  been  applied  and 
still  the  case  is  undiagnosed.  The  patient  is 
presented  to  the  radiologist  with  the  state- 
ment, "Mass  in  epigastrium,"  "Prove 
presence  or  absence  of  malignancy,"  or 
"Vague  abdominal  symptoms." 

It  was  this  t\pe  of  case  that  ga\e  the 
impression,  "We  are  not  getting  all  the 
information  present  out  of  our  serial  plates 
and  screen-work,  and  we  are  too  easily 
satisfied  with  a  negati\e  diagnosis  of 
intrinsic  intestinal  pathology.  At  the  same 
time  we  are  overlooking  information  rela- 
tive   to    the    extra    intestinal    lesions    as 


accurate  as  Haudek's  niche  in  ulcer,  or  the 
clover-leaf  deformity  of  duodenal  ulcer." 

The  information  has  been  passed  only 
too  often  with  the  statement,  "  Extrinsic 
pressure,"  "Extragastric  tumor,"  or  some 
other  just  as  indefinite  statement. 

We  refer  to  the  filling  defects  and 
deformity  of  the  stomach,  duodenum  and 
colon  caused  by  pancreatitis,  carcinomas, 
cysts  of  the  pancreas,  retroperitoneal 
tumors  and  other  extraintestinal  growths. 

When  an  attempt  was  made  to  review 
the  literature  on  the  subject,  we  were 
impressed  by  the  lack  of  anything  of  a 
definite  nature,  the  articles  by  Hickey  of 
Ann  Arbor  and  Herrenheiser  of  Vienna  on 
pancreatic  carcinoma  being  the  only 
ones  noted. 

The  technique  is  exactly  the  same  as  is 
used  in  all  our  routine  gastrointestinal 
examinations.  The  patient  is  presented 
fasting,  and  20  oz.  of  buttermilk  with  4  oz. 
of  barium  used  as  the  opaque  meal. 
Fluoroscopic  examination  with  palpation  of 
the  stomach  and  duodenum  are  done  in  the 
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erect  posture  and  anteroposterior 
directions.  Both  diaphragms  are  investi- 
gated for  position,  shape,  and  moNcment. 
Oblique obser\ation  is  also  done intheerect 
posture,  noting  any  deviation  from  normal. 
If  any  abnormal  condition  is  noted,  a 
series  of  six  plates  is  made  in  the  erect 
posture. 

The   patient    is    then    lowered   into   the 
prone  position,  where  further  fluoroscopic 


of  the  anatomical  situation  of  the  lesions. 
(2)  Establishment  of  the  pathological 
entity  of  the  condition  if  possible.  It  was 
found  that  the  localization  of  the  anatom- 
ical site  was  not  so  difficult;  and  if  that  is  all 
we  can  obtain,  it  will  be  of  great  value  to 
the  surgeon,  giving  him  the  line  of  attack, 
and  indicating  whether  an  Intra-  or  extra- 
peritoneal route  IS  ad\isable;  oiten,  indeed, 
with  a  conser\atIve  surgeon,  resigning  the 


Fig.  I.  No.'89056.  Roentgenological  diagnosis:  carcinoma 
of  pancreas.  Autopsy:  carcinoma  of  pancreas. 

examination  and  palpation  are  done,  with  a 
series  of  ten  6' 2  X  8' 2  'ind  two  11  X  14 
plates. 

The  right  oblique  is  then  assumed,  when 
screen  work  Is  again  carried  on,  and  if 
deemed  necessary,  a  series  of  five  plates  is 
made  here. 

In  the  earlier  attempts  to  differentiate 
these  conditions,  the  pneumoperitoneum 
method  was  carried  out;  but  we  found 
that,  as  far  as  we  were  concerned,  more 
Information  could  be  obtained  by  the 
routine  method,  with  less  discomfort  and 
certainly  much  less  risk  to  the  patient. 

In  making  the  observations,  two  definite 
goals  were  kept  In  \Iew:  (i)  Localization 


Fig.  2.  No.  78621.  Roentgenological  diagnosis:  carci- 
noma of  pancreas.  Surgical  findings:  carcinoma  of 
pancreas. 

case  before  unnecessary  and  fruitless 
exploration  has  been  undertaken. 

If  we  recall  the  comparatively  few  organs 
lying  in  the  upper  abdomen,  it  will  be  seen 
how  quickly  tumor  formation  will  give 
rise  to  filling  defects  in  the  stomach, 
duodenum,  jejunum  and  colon. 

The  liver,  pancreas,  spleen,  kldncN's, 
gall-bladder  and  retroperitoneal  area  are 
all  subject  to  tumefaction  independent  of 
any  primary  focus  in  the  bowel,  and  by 
this  tumor  formation  give  pressure  on  the 
adjacent  hollow  viscus. 

This  pressure  is  usually  characteristic, 
and  by  it  the  lesion  is  localized  and  often 
the  type  can  be  recognized. 
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In  liver  conditions,  the  mvoK^ement 
most  frequently  encountered  is  secondary, 
due  to  a  primary  elsewhere,  the  primary 
often  being  found  in  the  gastrointestmal 
tract.  When  the  whole  organ  is  enlarged, 
we  get  a  displacement  downward  and 
forward  of  the  hepatic  flexure  and  first 
portion  of  the  transverse,  with  a  displace- 
ment to  the  left  of  the  caput  and  pyloric 
end  of  the  stomach  and  an  approximation 
of  the  descending  duodenum  to  the  caput. 


The  duodenum  is  greatly  deformed, 
particularly  the  second  portion.  It  is 
not  the  deformity  seen  in  adhesions  of 
benign  gall-bladder  disease,  but  is  firm 
in  appearance,  irregular  in  its  course, 
valvulae  conniventes  are  absent  and  the 
angulation  is  always  toward  the  lower  and 
under  surface  of  the  liver.  When  we  palpate 
the  involved  area,  it  mo\e&  en  masse,  if  it 
moves  at  all.  In  the  serial  plates,  when 
one    is    superimposed    on    the    other,    the 


Fig.  3.  No.  84075.  Roi--ntgi.'iii)lii>;Kal  cli/innosis  carcinoma 
of  pancreas.  Surgical  findings:  carcinoma  ot  pancreas. 

When  the  middle  portion  is  involved, 
we  get  pressure  on  the  lesser  curvature  of 
the  stomach.  Peristalsis  is  lessened,  but 
not  absent.  The  curvature  assumes  a 
crescentic  shape.  The  deformity  varies 
greatly  with  inspiration  and  expiration. 
On  palpation  gastric  rugae  can  be  seen. 
There  is  in  these  cases  no  change  in  the 
descending  or  transverse  duodenum. 

Gall-bladder.  We  have  been  I'ortunate 
enough  to  ha\e  se\eral  cases  of  carcinoma 
of  the  gall-bladder  where  the  diagnosis 
was  made  from  the  duodenal  deformity, 
and  the  extension  to  the  stomach  of  the 
growth.  All  of  them  were  confirmed  at 
operation. 


Fig.  4.  No.  i  1  1024.  Kniiil^riiol^  imcal  dia^;iiosis:  tumor 
of  pancreas,  probably  carcinoma.  Autopsy :  carcinoma 
of  pancreas. 

region  of  the  duodenum  inxoKed  will 
always  fit  exactly.  In  the  gall-bladder 
region,  in  two  cases,  we  ha\e  been  able  to 
see  the  enlarged  gall-bladder  with  irregular 
outline,    which    was    additional    e\  idence. 

Pancreas.  Tumor  of  the  pancreas  is 
probably  the  easiest  of  any  of  the  extra- 
gastric  lesions  to  place  anatomically.  How- 
e\er,  at  times  there  is  great  difiiculty 
in  arri\  ing  at  a  correct  statement  as  to  the 
type  of  pathology  present.  Pancreatitis, 
cyst,  carcinoma,  all  give  filling  defects 
of  the  stomach  and  duodenum. 

Pancreatitis  is  usually  secondary  to  a 
chronic      inilammation      of     gall-bladder, 
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Fig.  5.  No.  102390.  Roentgenological  diagnosis:  tumor 
in  tail  of  pancreas.  Surgical  findings:  carcinoma  in 
tail  of  pancreas. 


Fig.  6.  No.  82406.  Roentgenological  diagnosis:  right  and 
left  nephrolithiasis,  with  left  side  hydronephrosis. 
Autopsy:  left  and  right  nephrolithiasis  with  left 
side  hydronephrosis. 


Fig.  7.  No.  96673.  Roentgenological  diagnosis:  retroperi- 
toneal tumor  in  left  renal  region.  Surgical  findings: 
hypernephrcma  of  left  kidney. 


Fig. 8.  No.  58973.  Roentgenological di.aii.'i'.Ms:  n  noperi- 
toneal  tumor  on  left  side  with  accessory  pocket 
communicating  with  third  portion  of  duodenum. 
Surgical  findings:  retroperitoneal  sarcoma  with 
direct  extension  to  and  perforation  of  third  portion 
of  duodenum. 
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appendix,  or  other  abdominal  inlection, 
and  most  frequently  follows  the  chronically 
infected  gall-bladder.  On  account  of  this, 
adhesions  are  often  present  and  act  as 
guide-posts  in  the  process  of  elimination. 
The  chief  seat  of  in\'olvement  is  the  head. 
This  gives  a  slight  displacement  upwards 
of  the  pylorus  and  presses  it  slightly 
to  the  left.  The  caput  assumes  a  more 
or  less  horizontal  position.  The  descending 


in  the  duodenum.  On  palpation  it  can  be 
shown  that  the  tumor  mass  is  free  from 
the  stomach  and  that  the  mass  does  not 
move  with  respiration. 

If  situated  m  the  body  of  the  gland, 
the  pars  media  of  the  stomach  is  the  site 
of  the  filling  defect,  and  this  is  noted  on 
the  greater  curvature.  The  filling  defect  is 
small  or  large,  depending  on  the  size  of 
the    cyst.    It    is    smooth    in    appearance. 


Fig.  g.  No.  H5yS2.  KdcntfjciKilDgical  diagnosis:  primary 
carcinom.i  of  gall-blacidcr  witli  direct  extension  to 
duodenum  and  pylorus.  Surgical  (indings:  carcinoma 
o(  gall-bladder  extending  to  duodenum  and  pylorus — 
direct  extension. 


duodenum  describes  a  larger  arch  than  is 
usually  .seen. 

Cyst  of  the  Pancreas.  When  cysts  of 
the  pancreas  arc  present  they  are  recog- 
nized only  when  of  sufficient  size  to  give 
filling  defects.  They  produce  a  clear-cut 
outline  of  pressure  in  the  stomach  and 
duodenum,  dej^ending  on  the  site  of  the 
cyst  in  the  pancreas.  In  the  head  they 
displace  the  pylorus  to  the  left,  the  caput 
upward  and  horizontally,  the  descending 
duodenum  outward  and  to  the  right. 
The  outline  is  smooth.  Rugae  are  present 
ill  the  stomach  and  vaKulac  conniventcs 


FiC.  lO.  No.  103448.  Koentgcnuloglcul  diagnosis:  tumor 
of  head  of  pancreas.  Surgical  findings:  cyst  in  head 
of  pancreas. 

and  the  rugae  of  the  stomach  are  seen 
through  it.  On  palpation  of  the  stomach, 
it  may  be  lifted  away  from  the  tumor 
mass  and  the  tumor  is  immobile  with 
respiration.  In  the  erect  position,  nothing 
may  be  seen  unless  deep  palpation  is 
undertaken,  the  filling  defect  being  most 
pronounced  in  the  i)rone  position. 

Cysts  of  the  tail  gi\e  their  filling  defect 
on  the  lesser  curvature.  There  is  little 
to  be  seen  In  the  erect  posture,  only  deep 
|)alpatIon  bringing  out  the  tumor.  It 
is  the  prone  position  here  that  gi\es  the 
most  inlormation. 

Occasionally  one  will  get  a  pedun- 
culated   pancreatic    cyst    that    cannot    be 
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localized.  In  one  case  the  tumor  was 
freely  movable  and  we  were  of  the  opinion 
that  it  was  a  mesenteric  cyst.  At  operation 
it  proved  to  be  a  pedunculated  cyst  of 
the  pancreas  arising  from  the  anterior 
surface  of  the  tail. 

Carcinoma  and  Sarcoma  of  the  Pancreas. 
While  we  cannot  always  differentiate  the 
type  of  neoplasm,  we  can  with  a  fair  degree 
of  certainty  state  that  it  is  malignant.  The 
situation  of  the  growth  in  the  different 
regions  of  the  gland  give  various  filling 
defects.  The  head  of  the  gland  is  the 
position  most  frequently  attacked  by  malig- 
nant growth.  On  account  of  the  close 
relationship  of  the  descending  duodenum, 
early  deformity  occurs  and  recognition  is 
easier  here  than  in  the  body  or  tail.  The 
descending  duodenum  becomes  invoKed, 
particularly  close  to  the  ampulla  of  Vater. 
It  is  fixed,  irregular,  the  valvulae 
conniventes  are  gone  and  will  show  areas 
of  constriction  and  dilatation.  When  the 
several  plates  are  superimposed  the  match- 
ing will  be  perfect  in  the  involved  area. 
This  appearance  may  be  present  in  several 
places  with  healthy  bowel  between,  or  a 
single  elongated  area  may  exist.  As  the 
disease  progresses,  the  pylorus  is  displaced 
to  the  left. 

When  the  neoplasm  is  situated  in  the 
body  of  the  gland  the  deformity  is  very 
like  that  caused  by  cystic  disease,  with  this 
exception:  that  the  transverse  duodenum 
shows  evidence  of  pressure  and  loss  of 
valvulae  conniventes,  which  is  not  found 
with  simple  cyst,  and  the  pressure  outline 
in  the  stomach  is  irregular. 

When  the  tail  is  involved  the  deformity 
is  noted  on  the  lessercurvature.  An  irregular 
filling  defect  is  seen,  which  on  palpation 
can  be  increased  or  lessened  and  does  not 
move  on  respiration;  at  the  same  time  the 
rugae  of  the  stomach  are  present. 

Spleeii.  Tumors  of  the  spleen  are 
easily  recognized  by  the  deformity  they 
give  in  the  barium-filled  stomach  and  by 
the  deformity  of  the  splenic  flexure  with 
the  barium  enema.  The  enlarged  organ 
with  its  smooth,  even  contour  may  be  seen 
displacing  the  stomach  to  the  right  with 
the  greatest  pressure  near  the  fundus, 
giving  the  stomach  an  atypical  hour-glass 
appearance.    The    splenic    flexure    is    dis- 


located downward,  and  the  lower  pole 
of  the  organ  may  be  outlined  by  the  latter 
part  of  the  transverse  and  the  splenic 
flexure. 

Unfortunately,  various  types  of  splenic 
tumor  give  the  same  radiological 
appearance  and  the  etiology  of  the  tumor 
has  to  be  arrived  at  by  other  methods  of 
examination.  In  cases  of  tuberculosis  of 
the  spleen  the  calcified  plaques  often  are 
ot  aid  in  the  correct  diagnosis.  We  were 


Fig.  II.  No.  85691.  Rdi  nijii  iii'l.p^ii.;il  diagnosis:  tumor 
of  head  of  pancreas  involving  duodenum.  Autopsy: 
sarcoma  of  pancreas. 


i\e  this  present  in 


tortunate  enough  to  hi 
three  cases. 

Kidney  Tumors,  when  of  sutTicient 
size  give  very  definite  displacement  of  the 
duodenum,  stomach,  and  jejunum. 

When  the  tumor  is  present  in  the  right 
kidne\',  the  stomach,  particularly  the 
caput  and  pylorus,  is  displaced  forward  and 
to  the  left.  The  descending  duodenum  is 
pushed  forward  and  approaches  the  mid- 
line of  the  body.  In  advanced  cases  the 
stomach  in  the  anteroposterior  position 
has  the  appearance  usually  seen  when 
visualized  in  the  lateral  direction  and  vice 
versa.  The  hepatic  flexure  and  ascending 
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colon  are  displaced  forward  and  to  the 
right.  In  stereoscopic  plates  these  portions 
may  be  seen  outlining  the  growth  and 
anterior  to  it. 

In  tumors  of  the  left  kidney  the  stomach 
is  displaced  upward  and  forward  with 
pressure  on  the  greater  curvature.  The 
duodenal  jejunal  juncture  is  pushed  for- 
ward and  toward  the  mid-line  or  over  it, 
and  the  descending  colon  is  displaced  to 
the  left  and  in  the  stereoscopic  plates  is 
seen  anterior  to  the  tumor. 

Retroperitoneal  growth.  Retroperitoneal 
sarcomas  frequently  present  themselves 
in  a  general  clinic.  Radiologically  they  give 
filling  defects  not  unlike  those  of  kidney 
tumors,  but  as  a  rule  are  more  irregular. 
Good  Bucky  stereoscopic  plates  are  of 
great  value  here  as  they  help  to  give  the 
outline  of  the  normal  kidney  and  so  aid  in  a 
differential  diagnosis. 

Lymphosarcomas,  mesenteric  cysts, 
pedunculated  cysts  of  the  pancreas  give 
filling  defects  in  the  small  bowel  or  colon, 
but  unfortunately  do  not  give  any 
characteristic  deformity  at  present.  We 
have  to  be  satisfied  in  these  cases  with  the 
statement  that  the  tumor  is  of  extra 
intestinal  origin,  the  diagnosis  being  made 
at  the  operating  table  or  in  the  autopsy 
room. 

DISCUSSION 

Dr.  Pfahler.  During  December  I  had  tlic 
privilege  of  visiting  Dr.  Dickson  in  his  labora- 
tory at  the  Toronto  General  Hospital.  He 
spent  about  two  hours  explaining  some  of  these 
cases  he  has  shown  you  today.  He  took  a  great 
deal  more  time  on  the  individual  cases  to  tell 
how  he  arrived  at  his  conclusions. 

I  am  quite  sure  that  you  think  he  is  a  very 
good  guesser,  but  let  me  tell  you  briefly  that 
it  means  a  lot  of  hard  work  in  each  individual 
case. 


I  think  if  we  all  do  a  little  more  studying 
wlicn  something  unusual  presents  itself,  we 
will  make  more  of  these  brilliant  diagnoses  and 
also  increase  our  accuracy. 

There  was  one  case — the  last  one  shown — 
which  reminds  me  of  another  point.  During 
tlie  past  summer  I  had  the  privilege  of  \isiting 
Dr.  Ake  Akerlund  in  Stockholm.  I  think  most 
of  us  have  the  idea  that  perforating  duodenal 
ulcer  is  rare.  Dr.  Akerlund  told  me  that  he 
had  recognized  over  300.  He  showed  me  at  least 
50  withm  the  very  short  time  I  was  there,  but 
he  gets  them  by  just  such  manipulation 
(compression)  and  most  careful  study,  as 
Dr.  Dickson  has  just  shown  vou.  As  some  of 
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you  know,  Dr.  Akerlund  has  written  a  book 
on  duodenal  ulcer.  I  think  it  a  very  excellent 
one. 

Another  point  tiiat  occurs  to  me  in  connec- 
tion with  Dr.  Dickson's  demonstration  is  with 
special  reference  to  the  large  stone  in  the 
kidney.  I  belie\e  that  if  in  all  instances  we  will 
make  a  preliminary  Potter-Bucky  diaphragm 
plate  of  the  entire  abdomen,  we  will  arrive 
at  many  diagnoses  that  will  at  least  give  us 
some  clearness  with  regard  to  the  kidneys, 
liver  and  spleen  that  otherwise  might  be 
overlooked.  In  our  practice,  as  a  routine,  we 
make  the  Potter-Bucky  diaphragm  filni  on 
every  case.  I  am  one  of  those  enthusiasts  Dr. 
Leonard  spoke  of  this  morning,  in  gall-bladder 
diagnosis. 

With  regard  to  these  other  studies  made  by 
Dr.  Dickson,  I  think  we  owe  him  a  debt  of 
gratitude  for  calling  attention  to  the  many 
variations,  especially  those  of  tumors  of  the 
pancreas.  He  has  shown  us,  or  at  least  indi- 
cated that  he  sees  a  great  many,  ^'ou  w  ill  have 
to  bear  in  mind  that  they  are  probably  no  more 
frequent  in  Toronto  than  they  are  elsewhere, 
but  Dr.  Dickson  spends  most  of  his  day  work- 
ing on  gastrointestinal  cases.  He  sees  a  great 
number,  but  probably  in  proportion  no  greater 
number  than  we  see.  Therefore,  in  closing  I 
can  simply  urge  thoroughness  and  increased 
work  to  accomplish  the  results  Dr.  Dickson 
has  shown  us. 


X-RAV  DIAGNOSIS  OF  UNUSUAL  LARYNGOTRACHEAL 
ESOPHAGEAL  CONDITIONS  AND  DISEASES 


BY    SAMUEL    IGLAUER,    M.D. 

CINCINNATI,     OHIO 


TT/^ITH  the  perfection  in  tlie  technique 
*  '  of  esophagoscopy,  there  may  be  a 
tendency  to  overlook  the  value  and  impor- 
tance of  the  x-ray  diagnosis  of  esophageal 
lesions.  The  information  obtained  by  the 
latter  method  is  often  a  great  aid  to  the 
esophagoscopist,  and  is  of  great  value  (i) 
in  determining  the  functional  activity  of 
the  esophagus  with  the  fluoroscope,  (2) 
in  getting  the  static  condition  of  the  eso- 
phageal lesion  (3)  as  an  aid  to  the  intro- 
duction and  fixation  of  appliances  within 
the  lumen  of  the  esophagus  or  larynx. 

Careful  .v-ray  study  of  the  esophagus 
will  often  re^■eal  some  unexpected  and 
astounding  conditions.  I  should  like  to 
cite  a  series  of  cases  to  illustrate  these 
unusual  findings. 

OPEN     SAFETY     PIN,     POINTING     DOWNWARD 

Case  I.  That  of  a  safety  pin  in  the 
esophagus  of  an  eight-months-old  infant. 
While  "changing"  the  child,  the  mother, 
a  physician's  wife,  missed  the  pin  at 
I  o'clock  in  the  morning,  and  told  her 
husband  that  the  child  had  swallowed 
the  pin.  He  was  inclined  to  doubt  it, 
but  the  child  was  brought  to  the  city  and 
-V-rayed  by  Dr.  Doughty,  who  was  much 
surprised  to  find  the  pin  with  the  point 
down,  lodged  in  the  lower  third  of  the 
esophagus.  At  6  p.m.,  of  the  same  day, 
upon  introducing  the  esophagoscope,  curds 
of  milk  were  found  in  the  lower  esophagus. 
Upon  withdrawing  the  tube,  the  patient 
regurgitated  the  curds  and  the  pin,  which 
fell  upon  the  floor.  In  this  case,  the  .v-ray 
showed  the  pin  pointed  downward,  in 
what  is  supposed  to  be  an  impossible 
position.  Two  explanations  of  this  condi- 
tion have  been  offered.  One  is  that  the 
pin  may  be  swallowed  closed  and  may 
open  in  the  esophagus,  and  the  other  is 
that  the  pin  may  reach  the  stomach  open, 
and  in  the  subsequent  act  of  vomiting 
may  lodge  in  the  esophagus  with  the  point 
downward.  It  is  difficult  to  conceive  that 
either  of  these  explanations  is  more  simple 
than  that  a  patient  may  occasionally 
swallow  a  pin  with  the  point  downward. 


In  this  particular  case,  the  parents  are 
certain  that  the  pin  was  open  when 
swallowed  and  that  there  was  no  vomiting 
after  the  pin  had  been  swallowed.  The 
pin  was  one  inch  long,  and  had  a  sharp 
point,  which  one  would  naturally  belie\e 
would  stick  in  the  mucosa.  Should  a 
similar  case  occur  with  the  same  .v-ray 
findings,   one  might  consider  the    ad\'isa- 
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Fig.    I.  Open  safety  ijh^     h    !'<'    esophagus,   witli  the 
point  dinMuvard. 

bility  of  gi^'ing  the  patient  an  emetic  and 
thus  recovering  the  pin  without  resorting 
to  esophagoscopy. 

NON-OPAQUE     (x-ray)     FOREIGN    BODIES     IN 
THE    ESOPHAGUS 

The  esophagus  may  be  partially  ob- 
structed by  a  substance  translucent  to  the 
v-ray.  In  such  cases  the  diagnosis  of  the 
presence  of  a  foreign  body  is  often  attended 
with  some  difficulty.  I  should  like  to  cite 
three  cases  illustrating  this  subject. 

Case  II.  Female,  aged  fifty-eight,  gives 
the  interesting  history  that  when  she  was 
a  child  she  was  found  upon  the  ground, 
unconscious,  with  a  pool  of  blood  issuing 
from  her  mouth  anci  a  dead  lizard  lying 
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in  the  blood.  Her  physician  and  family 
allowed  her  to  grow  up  with  the  belie! 
that  she  had  been  bitten  by  the  lizard, 
which  caused  a  hemorrhage.  She  gives  a 
history  of  having  had  a  persistent  purulent 
expectoration  all  her  life  until  within  the 
last  few  months.  She  stated  that  she  fre- 
quently had  some  dilliculty  in  swallowing, 
but  that  she  usually  managed  to  get  the 
food  either  down  or  up.  Her  present  trouble 
occurred  two  davs  before  I  saw  her.  While 


Fig.  2.  Angulatcd  usopliagus  obstriictfd  by  non-cipaqiic 
foreign  body. 

eating  some  ham  she  suddenly  was  unable 
to  swallow  any  more  food.  X-ray  examuia- 
tion  of  the  esophagus  by  Dr.  Doughty 
was  as  follows: 

"There  is  a  rather  definite  obstruction 
opposite  the  seventh  dorsal  vertebra. 
This  obstruction  shows  a  slight  dilatation 
at  the  immediate  point,  but  there  is  shown 
no  deiinite  dilatation  from  there  up.  The 
characteristic  marked  thinning,  just  below, 
usually  seen  in  these  obstructive  cases 
due  to  a  malignant  type  of  growth,  is  not 
shown. 

"In  the  stereoscopic  chest  films,  the 
entire  left  side  is  shown  to  be  slightly 
fibrous.  The  heart  and  mediastinal  shadows 
are  shown  Xo  be  to  the  left,  as  is  frec|uontly 
seen  in  these  old  fibrous  types. 

"  Below  the  point  of  obstruction,  there 
can    be   seen    about   the    normal   type   of 


lumen  of  the  esophagus,  as  far  as  can  be 
made  out. 

"With  the  history  of  this  case,  it  would 
appear  to  me  that  there  is  some  limitation 
in  dilating  the  esophagus  throughout  its 
course,  possibly,  slightly  more  at  this 
point.  In  eating,  the  food  as  described 
by  the  patient,  a  few  days  ago,  may  have 
blocked  at  this  point — that  is,  a  rather 
large  portion  of  the  solid  food — and  which 
has  not,  as  yet,  let  go  and  which  does 
not  pass  on  down;  and  therefore  causes 
the  obstruction.  At  the  seventh  dorsal 
vertebra,  there  is  shown  this  slightly 
increased  dilated  area,  which  gives  this 
impression." 

The  diagnosis  then  was  a  non-opaque 
foreign  body  obstructing  the  esophagus. 
I  made  an  additional  diagnosis  of  angula- 
tion of  the  esophagus  by  the  traction  of 
adhesions  pulling  it  toward  the  left  and 
presenting  a  very  unusual  picture.  (Dr. 
P.  Armand-Delille,  in  the  Journal  of  the 
American  Medical  Association  for  Feb. 
II,  1922,  has  pointed  out  that  "in  10  of 
300  patients  with  chronic  tuberculosis 
processes  in  the  lungs,  the  shriveling  of 
tissue  and  other  causes  had  pulled  or 
pushed  the  trachea  so  far  to  one  side  that 
it  was  liable  to  be  mistaken  for  a  ca\"ity.") 
Owing  to  the  angulation  of  the  esophagus 
I  anticipated  some  dilliculty  in  introduc- 
ing the  esophagoscope,  but  this  did  not 
prove  to  be  the  case,  and  I  removed  two 
pieces  of  partially  ossified  bone  from  the 
obstructed  point  in  the  esophagus,  which 
was  found  to  be  slightly  ulcerated  at  this 
point.  \\'ithout  an  .v-ray  examination  the 
peculiar  distortion  and  narrowing  of  the 
esophagus  could  not  have  been  determined 
in  advance. 

Case  III.  Male,  aged  twenty-five,  who, 
three  days  before,  while  eating  a  veal  chop 
and  potatoes  had  a  severe  choking  spell. 
There  has  been  marked  dysphagia  since 
the  accident,  and  inability  to  swallow 
anything  but  semi-fluids.  Dr.  Lange 
reports:  "Fluoroscopic  observation  of  the 
act  of  swallowing  revealed  no  obstruction 
to  the  downward  passage  of  barium 
suspension,  but  large  opaque  capsules 
lodged  in  the  esophagus  about  on  a  level 
with  the  first  dorsal  vertebra.  The  film 
shows     three    capsules     lodged     above    a 
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transparent  obstruction  which  is  partly 
outlined  by  a  coating  of  barium  left  from 
the  barium  suspension.  It  seems  that 
the  watery  suspension  of  barium  passes  the 
obstruction  freely,  but  the  capsules  do 
not."  In  this  manner  the  site,  and  to  a 
considerable  extent  the  size,  of  the  foreign 
body,  which  proved  to  be  a  large  piece  of 
meat,  could  be  clearly  determined. 

Case  IV.  Seen  in  consultation  with 
Dr.  A.  Friedlander,  is  even  more  interest- 
ing. A  boy,  aged  six,  swallowed  lye  two 
vears  before  we  saw  him.  Since  that  tune 


Fig.  3.  Three  barium  capsules  lodged  above  trans- 
parent obstruction  which  is  partially  outlined  by  a 
coating  of  barium  left  from  the  barium  suspension. 

he  has  had  more  or  less  difficulty  in 
swallowing.  Seventeen  days  before  he 
was  brought  to  us  he  told  his  mother  that 
he  had  swallowed  an  orange  seed.  Since 
that  time  he  had  been  unable  to  retain 
any  food,  not  even  water,  and  vomited 
almost  immediately  after  eating.  He  had 
lost  about  12  lbs.  X-ray  examination  by 
Dr.  S.  Brown  showed  that  opposite  the 
9th  rib  posteriorly  there  was  a  marked 
stenosis  of  the  esophagus  with  a  sausage- 
like dilatation  above,  and  with  the  barium 


trickling  through  in  a  very  thin  stream 
below  this  point.  Upon  close  scrutiny  it 
appeared  to  me  that  there  was  a  filling 
defect  in  the  esophagus  at  the  point  of 
constriction,  which  I  ventured  to  suggest 
might  be  due  to  the  presence  of  the  orange 
seed.  The  diagnosis  then  was  "Stricture 
of  the  esophagus,  obstructed  by  a  foreign 


Fig.  4.  Lye  stricture  of  the  esophagus  obstructed  by 
a  non-opaque  foreign  body,  with  dilatation  above 
point  of  constriction. 

body,  with  dilatation  above  the  point  of 
constriction."  The  foreign  body  was  easily 
located  with  the  esophagoscope  and  proved 
to  be  an  orange  seed.  X-ray  examination 
made  a  few  days  after  the  foreign  body 
had  been  removed,  showed,  much  to  our 
surprise,  that  the  esophageal  pouch  above 
the  stricture  had  disappeared,  so  that  by 
the  .\-ray  examination  we  were  able  to 
state  that  the  patient  had  had  an  acute 
dilatation  of  the  esophagus,  (comparable 
to    an     acute    dilatation    of    the    heart) 
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whicli  had  disappeared  after  the  obstruc- 
tion was  removed. 

Cases  II  and  IV  would  indicate  that 
the  presence  of  a  filHng  defect  in  a  stenosed 
esophagus  may  be  due  to  the  presence  of  a 
foreign  body. 

UNEXPECTED    X-RAY    FINDINGS 

Case  V.  The  .x-ray  examination  in 
this  case  proved  to  be  of  great  value 
both  to  the  patient  and  the  physicians. 
Female,  aged  seventy-nine,  was  seen  at 
her    residence,    in    consultation    with    Dr. 


Fig.    5.    lisiiplKifius   clivcitkiiliiiii,    sliDwing    b:;riiim    in 
tlic  bronclii^il  tree. 

List.  She  stated  that  she  had  been  ha\  iiig 
increasing  difficulty  in  swallowing  for  the 
last  three  years,  that  some  of  the  food 
would  occasionally  regurgitate,  and  that 
she  had  lost  about  17  lbs.  She  was  bed- 
ridden for  about  a  week  before  I  saw  her. 
Owing  to  her  extreme  age,  the  natural 
inierence  was  that  she  was  sulfering  with 
a  progressing  carcinoma  of  the  esophagus, 
and  it  seemed  scarcely  worth  while  to 
subject  her  to  any  examination.  Neverthe- 
less, we  sent  her  to  an  .v-ray  laboratory, 
and  upon  giving  a  barium  suspension, 
a  large  diverticulum  of  the  upper  end  of 
the  esophagus  was  disco\ercd.  (Dr.  Schroe- 


der,  and  later  Dr.  Brown. j  In  order  to 
rule  out  malignant  disease,  the  esopha- 
goscope  was  passed  into  the  pouch,  but 
no  carcinoma  could  be  demonstrated. 
Gastrostomy  was  then  performed  by  Dr. 
Ransohotl.  Since  that  operation  the  patient 
has  gained  considerably  in  weight  and 
may  live  many  years  as  a  result  of  the 
.v-ray   examination    and    the   operation.' 

An  interesting  accident  occurred  with 
this  case.  Immediately  after  the  esopha- 
goscopy,  during  which  some  cocain  was 
used,  the  patient  was  again  given  barium 
to  swallow,  and  the  x-ray  picture  showed 
that  some  of  the  barium  had  entered  and 
partially  outlined  the  lower  bronchial 
tree  in  both  lungs.  However,  the  patient 
expectorated  all  of  this  barium  suspen- 
sion, without  any  damage  to  the  lung 
structure.  This  is  in  line  with  the  experi- 
mental insufflation  of  the  bronchi  with 
bismuth,  as  described  by  Jackson. 

Case  VI.  The  following  case  shows 
how  the  .v-ray  may  occasionally  make  a 
false  diagnosis,  and  proves  that  things 
are  not  always  what  they  seem.  A  child 
was  brought  to  the  hospital  with  a  state- 
ment that  it  had  swallowed  a  five-cent 
piece.  A'-ray  examination  showed  the 
foreign  body  in  the  usual  position  at  the 
upper  end  of  the  esophagus.  Upon  intro- 
ducing the  esophagoscope,  I  informed  the 
interne  that  the  patient  had  six  cents 
in  the  esophagus,  for  I  could  make  out  the 
edges  of  two  superimposed  coins,  one 
brass  and  the  other  nickel.  The  coins  were 
withdrawn  together  and  proved  to  be  a 
dime  and  a  penny,  so  that  I  was  five  cents 
to  the  good,  despite  the  mistake  in  the 
diagnosis. 

In  cases  of  cardiospasm,  it  seems  very 
likely  that  by  inducing  pneumoperitoneum 
and  taking  an  .v-ray  picture  of  the  dia- 
phragm we  may  occasionally  find  patho- 
logical adhesions  of  the  liver  encroaching 
upon  the  subdiaphragmatic  portion  of  the 
esophagus  and  gi\  ing  rise  to  the  symptom 
complex  cardiospasm.  In  one  such  case, 
the  .v-ray  films  show  an  enormously 
dilated  esophagus  with  adhesions  of  the 
li\'er  to  the  diai:)hragm  in  the  area  cor- 
responding to  the  subdiaphragmatic  portion 
of  the  esophagus. 

•  Since  the  .ibove  was  written  the  pouch  has  been  successfully 
removed  by  Dr.  Ransohoff. 


COCCIDIOIDAL  GRANULOMA* 


BY    RAYMOND    G.    TAYLOR,    M.D. 


LOS    ANGELES,    CALIFORNIA 


''I'^HIS  disease,  first  described  in  this 
-L  country  by  Rixford  and  Gilchrist, 
and  named  and  classified  by  Ophuls, 
appears  to  be  more  common  than  at  first 
suspected. 

Since  the  attention  of  the  staff  of  the 
Los  Angeles  County  Hospital  was  first 
drawn  to  it  in  1915,  16  cases  have  been 
observed  up  to  May  i,  192 1.  Five  of  these, 
observed  prior  to  October,  191 7,  were 
reported  in  19 19  by  Dr.  W.  B.  Bowman, 
who  made  the  first  detailed  roentgen 
report  noted  in  literature;  the  remaining  1 1 
form  the  subject  matter  of  this  report. 
A  review  of  the  available  literature 
indicates  that  the  following  conclusions 
have  been  arrived  at  by  various  investi- 
gators: 

1.  The  disease  is  caused  by  a  specific 
fungus,  and  affects  chiefly  adult  males  of 
the  laborer  class. 

2.  Nothing  is  known  of  the  natural 
habitat  of  the  specific  organism,  other  than 
the  human  body;  however,  animals  such  as 
guinea  pigs,  rabbits  and  monkeys  are 
susceptible  to  inoculation. 

3.  There  is  no  direct  evidence  of 
contagion,  but  of  the  total  reported  cases 
(including  ours,  about  61)  the  great 
majority  had  been,  or  were,  residents  of 
California,  and  most  of  these  had  at  some 
time  lived  in  the  San  Joaquin  Valley.  This 
would  suggest  the  presence  of  a  local 
causative  factor. 

4.  The  infection  seems  to  be  acquired 
from  some  external  source,  and  the  mode 
of  entry  is  probably  through  the  skin  or  by 
inhalation  or  ingestion.  Primary  lesions  are 
usually  either  in  the  skin  or  in  the  lung, 
and  the  lesions  in  general  can  be  classed 
under  the  head  of  infectious  granulomata. 
They  resemble  those  of  tuberculosis  in 
every  way  except  in  the  presence  of  the 
specific  organism. 

5.  When  the  initial  lesion  appears  in  the 
skin  it  closely  simulates  the  more  acute 
forms  of  cutaneous  tuberculosis  and  may 
remain  localized  for  several  years.  When 
the  initial  lesion  appears  in  the  respiratory 
tract,  patients  are  invariably  treated  as 
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tuberculous.  Some  time  may  elapse  before 
lesions  appear  elsewhere.  Apparently  in  a 
few  cases  the  initial  lesions  have  been  in 
the  joints.  Eventually,  however,  wherever 
the  initial  lesion,  a  general  infection  occurs, 
which  results  fatally.  The  only  exceptions 
are  those  few  in  which  the  extension  of  the 
disease  has  been  limited  by  amputation. 

6.  The  mode  of  onset,  the  clinical  course 
and  the  pathological  picture,  as  well  as  the 
initial  lesion,  are  all  strikingly  like  those  of 
tuberculosis. 

-;.  The  disease  is  probably  more  common 
than  has  been  suspected,  and  it  seems  quite 
probable  that  it  occurs  more  frequently 
outside  of  California  than  has  been 
supposed. 

8.  The  adult  forms  of  the  fungus  seem 
likely  to  produce  the  chronic  lesions,  such 
as  nodules,  while  the  immature  and 
sporulating  forms  produce  the  acute  lesions, 
such  as  abscesses  and  bone  necrosis. 

In  our  own  cases  here  reported,  we  find 
there  were  two  American  Negroes,  one 
Serbian,  one  Russian  and  seven  Mexicans. 
There  were  three  children,  aged  three, 
seven  and  nine  years.  All  were  males  and 
all  adults  were  laborers  except  one  of  the 
Negroes,  who  was  a  cook.  All  had  been 
residents  of  California  for  a  period  of  one 
year  to  life,  and  most  of  them  had  been 
residents  at  some  time  of  the  San  Joaquin 
Valley.  Sojourn  in  the  hospital  averaged 
about  two  months.  Seven  died  in  the 
hospital,  two  left  and  outcome  is  not 
definitely  known,  but  disease  was  rapidly 
progressing  and  they  were  considered 
hopeless  when  they  left;  and  two  (Cases 
VIII  and  X)  with  disease  localized  in 
ankle  and  foot,  recovered  after  amputation. 
Except  for  these  two  latter  and  Case  VII, 
of  which  we  have  no  history,  and  Case  IV, 
of  which  we  have  no  roentgen  record,  all 
showed  roentgen  or  autopsy  evidence  of 
pulmonary  involvement.  The-  findings  of 
the  physical  or  roentgen  examinations  were 
always  suggestive  of  tuberculosis.  Five 
showed  physical  signs  of  pulmonary  tuber- 
culosis (Cases  I,  II,  VI,  IX,  XI)  on  admis- 
sion, and  the  sputum  of  two  (Cases  I  and 
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II)  was  positive  tor  tuberculosis.  Case  I 
also  showed  a  positive  Wassermann.  All 
showed  a  moderate  leucocytosis,  (12,000 
to  26,000)  except  Case  IX. 

Positive  diagnosis  was  made  by  finding 
the  organism  in  the  tissues,  sputa,  or  pus 
from  sinuses,  before  operation  or  death  in 
all  except  Case  VIII,  in  which  organisms 
were  found  only  after  a  leg  had  been 
amputated  and  pus  from  between  tarsal 
bones  obtained.  Organisms  were  difficult 
and  frequently  impossible  to  find  in  the 
old  abscesses  and  sinuses,  and  often  only 
found  when  a  new  lesion  was  opened  or 
aspirated.  Most  of  our  cases  were  in  a 
rather  advanced  stage  when  received,  and 
several  seemed  to  be  of  a  rather  fulminating 
type  and  were  rapidly  fatal.  In  the 
ad\anced  cases  with  multiple  lesions  it  was 
frequently  diflicult  to  get  an  idea  as  to 
which  was  the  primary  lesion.  Four  (Cases 
II,  VII,  IX  and  X)  apparently  showed  the 
first  suspicious  lesion  about  the  ankle  or 
foot.  However  no  history  of  trauma  was 
obtained  in  these  cases. 

Most  of  the  localized  abscesses  were  not 
red  or  particularly  painful  until  after 
rupture,  or  incision  and  drainage,  or 
involvement  of  contiguous  bone.  The 
development  of  large  subcutaneous 
abscesses  seemed,  as  a  rule,  to  indicate  a 
generalized  infection  that  was  invariably 
rapidly  fatal.  Most  of  the  bone  lesions 
appeared  to  be  preceded  by  either  a  local 
skin  lesion  or  a  subcutaneous  abscess. 
These  abscesses  frequently  matured  and 
broke  down  before  any  demonstrable 
lesion  could  be  shown  in  the  adjacent  bone 
by  roentgenograms. 

Definite  roentgen  e\idence  of  periosteal 
proliferation  was  noted  in  four  cases 
(Cases  III,  VI,  VII  and  VIII).  That  in  Case 
III  was  especially  marked.  So  far  as  we 
know,  this  is  the  first  time  this  condition 
has  been  obser\ed. 

A  \'ery  definite  impression  w^as  gained 
that  the  destructive  process  in  the  bones, 
as  shown  by  the  roentgenograms,  was,  as  a 
general  rule,  marked  by  an  intensity  and 
rapidity  of  development  not  often  noted 
in  tuberculosis,  a  week  frequently  showing 
a  marked  degree  of  ad\ancement  in  the 
lesion.  At  autopsy  the  gross  bone  inliltra- 
tit)n  and  destruction  is  in\ariably  found  to 


be  considerably  more  extensive  than  would 
be  suspected  from  the  roentgenograms. 

So  far,  we  have  been  unable  to  observe 
any  constant  feature  shown  by  roentgeno- 
grams which  is  peculiar  to  this  disease  and 
which  will  definitely  differentiate  it  from 
bone  tuberculosis.  The  fulminating  type  of 
the  destructive  process  and  the  existence 
of  a  proliferative  process  in  a  rather 
unusual  proportion  of  the  cases  is  sugges- 
tive, but  not  by  any  means  constant,  as  is 
also  the  occurrence  of  the  disease  in  a 
rather  larger  proportion  of  adults  than  is 
usually  found  in  bone  tuberculosis. 

No  portion  of  the  skeleton  or  particular 
portion  of  the  mdividual  bones  seems  to  be 
immune.  In  this  series,  lesions  were  found 
in  practically  all  the  long  bones  except 
the  femur — in  the  ilium,  skull,  ribs  and 
spme.  Joints,  epiphyses  and  diaphyses 
show  in\'ol\ement,  sometimes  collectively 
and  often  individually. 

For  the  last  two  years  any  patient 
presenting  the  rather  characteristic  skin 
lesions,  soft  tissue  abscesses  or  persistent 
discharging  sinuses  has  been  under  sus- 
picion by  the  staff  in  the  diagnostic  wards 
of  the  hospital.  Also  during  this  time,  in 
the  roentgen  laboratory,  it  has  been  our 
custom  to  suggest  coccidioidal  granuloma 
in  lesions  which  appeared  to  be  bone 
tuberculosis,  which  showed  proliferation 
or  gave  the  impression  of  an  unusually 
acute  destructi\e  process.  In  this  way  we 
believe  neither  the  staff  nor  ourselves  have 
missed  a  correct  ultimate  diagnosis.  How- 
ever, we  must  confess  that  we  have,  on 
se\eral  occasions,  suggested  coccidioidal 
granuloma  in  cases  that  proved  to  be 
purely  tuberculous. 

Case  Reports 

Case  I.  Male,  Negro,  aged  forty-four, 
laborer.  Entered  hospital  Feb.  5,  1919. 
Died  June  7,  19 19.  Resident  eight  years  in 
county  and  state. 

Pain  and  s\\elling  in  back  for  one  month. 
Has  bulging  mass  at  edge  left  quadratus 
lumborum  muscle. 

Roentgen  Examination.  Chest  (Fig.  i). 
E\idcnce  of  old  tuberculosis  both  upper 
lobes.  Lumbar  spine,  A.  P.  views  only. 
(Fig.  2.)  Rather  marked  lipping  and  spurs 
on  the  bodies,  and  some  irregularities  in 
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the  lateral  borders  on  the  left  of  the  second, 
third  and  fourth.  Injection  of  sinus  with 
bismuth  paste  shows  a  large  irregular 
cavity  lying  along  the  left  border  of  the 


there  with  midtiple  skin  lesions  (30)  on 
arms,  wrist,  legs,  trunk  and  scalp,  varying 
in  size  from  papule  to  walnut.  Ankle 
swollen  over  inner  surface:  fluctuates  but 


Fic.    I.   Case   I.   Sputum   was  positive  for  tuberculosis  Fig.  2.  Case  I.  Specific  organism  was  recovered  from 
also.  pus  from  tfiis  sinus.  Injected  with  bismutli  paste. 

spine    and    over   superior   portion    of   the  not    red    or    painful.    About    one-half  the 

ilium.  skin  lesions  are  broken  down,  have  ragged 

Case   II.     Male,   Serbian,   aged  thirty-  undermined    edges,    yellow'ish   scabs,    and 

four,  laborer.  Entered  hospital  March  18,  exude  a  thick  yellowish  pus. 


Fig.  3.  Case  II.  Sputum  was  positive  for  tubercu-       Fig.  4.  Case  II.   Prob-     Fig.   5.  Case  II.  Note  soft 
losis  also.  able  primary  lesion  in         tissue  density  about  lesion 

internal  malleolus.  in  metacarpal. 


1919.   Died   May   27,    1919.    Resident   in  Autopsy.     Under  lesions  of  scalp  were 

county  nine  months;  in  state  three  years,  several  areas  of  invasion  of  skull  down  to 

Has  been  in  tuberculosis  sanatorium  for  dura.   Dura  not  invaded.  Miliary  lesions 

several  months;  admitted  to  hospital  from  (coccidioidal    granuloma)    of   kidneys  and 
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adrenals.    Caseation    and    necrosis    upper 
lobe  left  lunp:. 

Roentiien  Examination.  Chest.  There 
appears  to  be  a  tuberculosis  of  both  lungs 
and  a  marked  widening  of  the  mediastinal 


Swollen  right  knee  and  ankle  and  multi- 
ple abscesses  of  arm,  forearm,  scalp,  face 
and  back,  some  discharging  thick,  yellow- 
ish pus.  No  pain  except  on  mo\ement 
right  knee  and  ankle. 


['k;.  (t.  Case  III.  Note  broad  upper  mediastinal  shadow 
suggesting  thymus  gland. 


shadow  (Fig.  3).  Right  ankle  shows  necro- 
sis of  the  internal  malleolus  (Fig.  4).  Left 
hand  and  wrist,  a  localized  but  marked 
destructi\'e  process  in  the  proximal  end  ol 
the  lifth  metacarpal.  The  carpal  bones 
apparently  not  invoKed  (Fig.  5). 


Figs.  7  and  8.  Case  111.  Note  marked  soft  density  and 
local  enlargement,  with  no  bone  lesion  in  arm  but 
fairly  advanced  lesion  in  upper  right  tibia. 

Autopsy.  Fibrinous  pleurisy;  miliary 
granuloma  both  lungs  and  meninges. 
Multiple  abscesses  in\oI\'ing  subcutaneous 
structures,  muscle  and  tendon  sheaths  and 
bone. 

Roentgen     Examination.     Very     definite 


Figs.  9  and  10.  (^asc  III.  Right  leg  sixteen  days  later 
showing  advance  in  destructive  process  in  tibia  and 
reduction  of  soft  tissue  density  due  to  drainage  of 
abscess.  Note  marked  subperiosteal  bone  production 
in  .1.  p.  view.  No  involvement  epiphysis. 

Case  III.  Male,  Mexican,  aged  three. 
Entered  hospital  March  21,  19 19.  Died 
May  I,  1919-  Resident  all  life  In  county. 
Famil\  lives  In  shack.  Uncle  lived  with 
famiU  and  died  of  tuberculosis  one  year 
ago.  Diarrhea  for  \  car  pre\ious  to  entrance. 


Fig.  II.  (^ase  III.  Left  leg.  Destructive  process  in  tibia 
more  marked  than  in  right  leg.  Note  also  very  marked 
])roliferation.  No  involvement  epiphysis. 


widening  of  the  media.stlnal  shadow  in 
the  upper  chest;  suggests  persistent 
thymus.  Heart  large  and  infantile  In  type. 
Considerable  mottled  density  out  from  the 
right  hilum  and  into  right  apex  (Fig.  6). 
Radiographs  of  pelvis  and  femora  negative. 
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Right  and  left  arm  and  forearm  show  no 
definite  bony  changes,  but  marked  increase 
in  soft  tissue  density  in  the  lower  two- 
thirds  of  the  right  arm  and  upper  forearm, 
and  left  upper  forearm  and  elbow  regions 


(Fig.  ii).  There  is  a  marked  and  definite 
layer  of  new  bone  shown  under  the  peri- 
osteum that  extends  from  this  area  to  the 
middle  and  lower  third  of  the  tibia  both 
anteriorly  and  posteriorly.  Anteroposterior 


Figs.  12  and  13.  Case  V.  Right  patella.  Note  change  in 
period  of  three  weeks. 


(Fig.  7).  Lateral  views  of  the  right  knee 
and  leg  show  marked  soft  tissue  swelhng  of 
the  leg  both  anteriorly  and  posteriorly, 
and  a  destructive  process  in  the  proximal 
end  of  the  diaphysis  of  the  tibia  (  Figs.  8.  9 


Figs.  14  and  15.  Case  V.  Soft  tissue  density  niarkLdly 
increased  about  ankle,  but  no  demonstrable  bone 
lesion.  Autopsy  two  weeks  later  showed  marked 
destruction  of  astragalus. 

and  lateral  radiographs  of  the  same  area 
taken  a  little  over  two  weeks  later  show  an 
increase  in  the  destructive  process  in  both 
tibiae,  and  less  soft  tissue  density  due  to 
drainage,   and   a  very  marked   periosteal 


Fig.  16.  Case  VI.  Marked  soft  tissue  density  and^pro- 
liferation  in  metacarpal.  Left  hand  for  comparison. 


and  10).  The  left  leg  and  knee  show  less  soft 
tissue  density,  due  to  the  fact  that  the 
abscess  had  been  drained,  but  show  a 
destructive  process  greater  in  extent  in 
practically  the  same  portion  of  the  tibia 


Fig.  I-.  Case  VL  Thickening  and  prohleration  in  upper 
tibia  with  destructive  process  in  center.  No  involve- 
ment of  epiphysis. 

proliferation.  This  is  shown  in  both  tibiae 
at  this  time.  As  far  as  can  be  made  out 
there  is  no  involvement  of  the  epiphyseal 
line,  epiphvses,  or  the  femora. 

Case  IV.     Male,  Mexican,  aged  seven. 
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Entered  hospital  May  22,  19 19.  Dis- 
charged, not  improved,  June  4,  1919.  No 
history  obtained. 

Scaly  swelling  bridge  of  nose.  Discharg- 
ing sinus  under  both  right  and  left  sides  of 


No  roentgen  e\'idence  available. 

Case  V.  Male,  Mexican,  aged  thirty- 
four,  laborer.  Entered  hospital  Nov.  18, 
1919.  Died  Feb.  11,  1920.  Resident  in 
California  two  vears. 


Figs.  19  and  20.  Case  \  1 1.  A|)p;in  ntl\  no  \n\  ■ilvimcnt 
of  ankle-joint.  Marked  invoivimcnt  ol  astragalus  and 
OS  calcis  with  both  proHferation  and  destruction. 

mandible,    right    elbow,    and    fifth    linger.  Swelling  left  knee  one  month;  right  knee 

left  thumb,  ankle  and  fourth  toe.  Enlarged  and  both  ankles  and  right  hip  two  weeks, 

inguinal   glands  and   left  popliteal  tumor  Joints  pamful  and  stiff.  Soft  reddish  nodule 

mass.  Had  what  was  said  to  be  a  patho-  right  eyebrow  one  week. 


Figs.  21  and  22.''Case  VIII.  Marked  involvement  both 
ankle-joint  and  tarsals.  Leg  amputated  and  patient 
well  and  working. 


logical  tracture  of  bones  of  right  leg  while 
in  hospital. 


Figs.  23  and  24.  (!lase  X.  Destructive  process  internal 
malleolus  and  juxta  astragalus  and  fifth  metatarsal. 
Amputated.  Discharging  sinus  in  stump  for  a  year. 
Recently  discharged  well. 

Aulopsy.      Multiple       subcutaneous 
abscesses.  Abscesses  left  psoas  and  lumbar 


RemoNcd  from  hospital  when  guardian  muscles.  Encapsulated  nodules,  perihron- 
was  told  case  was  hojDclcss.  Subseciuent  chial  lymph-nodes.  Osteomyelitis  sacrum^ 
history   unknown,   but   undoubtedly  died,     sternum,  ])atella  and  right  astragalus. 
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Roentgen  Examinatiun.  Jan.  6,  1920. 
Both  hips,  iliae,  shoulder  girdles,  humeri 
and  elbows  negative.  Right  patella,  de- 
structi\e  process  lower  border  (Figs.  12  and 
13);  left,  no  bone  changes,  but  soft  tissue 
density  increased.  Soft  tissue  density 
increased  in  left  forearm  near  wrist,  and 
right  ankle.  Examination  Jan.  28,  1920 
shows  definite  advance  in  destructive  area 
in  right  patella;  no  definite  bone  lesion  in 
left  patella,  or  m  forearm  or  ankle  (Figs. 
1 4  and  15)  but  marked  increase  in  soft  tissue 
density.  No  examination  of  spine  made. 

Case  VI.  Male,  Mexican,  aged  nine. 
Entered  hospital  Apr.  26,  1920.  Died  May 
26,  1920.  Resident  in  California  five  years. 
No  history. 

Admitted  with  tumor  mass,  firm, 
nodular,  movable,  in  right  supraclavicular 
fossa;  large  cervical  and  left  inguinal 
glands.  Ulceration  over  left  hip  and  right 
posterior  tibial  region.  Fluctuating  mass 
dorsum  right  hand,  index  finger  missing. 
General  edema  left  leg  and  ankle. 

Autopsy.  Nodules  cervical  region  posi- 
tive for  coccidioidal  granuloma.  Necrosis 
left  ilium  and  right  tibia.  Nodules  lower 
lobe  left  lung.  Acute  bronchopneumonia. 

Roentgen  Examination.  Absence  pha- 
lanx first  finger  right  hand  (no  history); 
marked  periosteal  thickening  in  the  second 
and  third  metacarpals,  marked  soft  tissue 
density  (Fig.  16).  Right  tibia,  upper  third, 
shows  enlargement  and  thickening  of 
shaft  due  to  periosteal  proliferation  and 
thickening;  2  in.  below  knee-joint,  area  of 
decreased  density  suggesting  bone  de- 
struction. Soft  tissues  markedly  thickened 
(Fig.  17).  Right  chest  dense,  especially  at 
base;  suggests  fluid  (Fig.  18). 

Case  VII.  Male,  Mexican,  laborer.  No 
history  available  at  present  time. 

Roentgen  Examination.  A  destructive 
process  involving  the  anterior  superior 
portion  of  the  astragalus,  the  anterior 
portion  of  the  os  calsis,  and  a  marked  irreg- 
ular proliferative  process  with  increased 
density  in  the  posterior  portion  of  the 
astragalus.  Ankle-joint  not  definitely  in- 
volved (Figs.  19  and  20). 

Case  VIII.  Male,  Russian,  aged  thirty- 
seven,  laborer.  Entered  hospital  May  5, 
1920.  Discharged,  apparently  well,  Aug. 
28,    1920.   Resident  in  state  seven   years. 


Had  been  in  Kern  County  Hospital  one 
month;  treated  for  tuberculosis  of  bones  of 
foot  and  ankle.  In  January,  1920,  had  in- 
fluenza pneumonia.  In  February  right  ankle 
got  painful  and  began  to  swell.  In  Marchjit 
was  incised  and  has  drained  continuously 
since. 

Admitted  with  discharging  sinus  right 
foot,  and  right  inguinal  adenitis. 

Roentgen  Examination.  Destructive  proc- 
ess,    apparently    very     active,     involving 


Fig.  25.  Case  XI.  Necrosis  seventh  rib  tullouing  siilj- 
cutaneous  abscess. 

ankle-joint,  and  most  marked  in  superior 
portion  of  astragalus  and  anterior  border 
of  tibia.  Bone  atrophy  marked,  especially  in 
tarsals,  but  apparently  no  other  bones 
definitely  involved,  except  possibly  lower 
end  of  fibula.  Marked  increased  soft  tissue 
density  and  joint  haziness.  Periosteal 
infiltration  and  proliferation  in  both  tibia 
and  fibula  for  2  in.  above  joint  (Figs.  21 
and  22). 

July  17,  1920.  Leg  amputated  middle 
and  lower  one-third.  Foot  split  sagitally 
and  pus  between  tarsals  positive  for  cocci- 
dioidal granuloma. 

Jan.  I,  1922.  Wears  artificial  leg  and  is 
apparently  well.  Works  every  day. 

Case  IX.     Male,  Mexican,  aged  twenty- 
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five,  laborer.  Entered  hospital  Jan.  i,  1921. 
Died  Feb.  7,  1921.  Resident  in  state  and 
county  ten  years.  Eight  months  ago  had 
"fever."  For  five  months  has  had  pain  in 
back  and  difficult  breathing.  Entered 
hospital  with  discharging  sinus  i  in. 
below  right  nipple,  also  2  in.  to  the  right 
of  the  first  sacral  segment,  also  right 
elbow.  Two  fluctuating  masses  over  lumbar 
spine. 

Autopsy.  Numerous  and  extensive  sub- 
cutaneous abscesses.  Osteomyelitis  lower 
dorsal  vertebra,  ribs,  sacrum,  and  left 
ulna.  Fibropurulent  pleuritis. 

Roentgen  Examination.  Spine  negative 
except  sacrum,  which  showed  a  destructive 
process  present,  as  does  also  the  left 
olecranon.  Opacity  of  left  chest,  probably 
thickened  pleura  and  fluid.  Probably  active 
tuberculosis  right  apex. 

Case  X.  Male,  Mexican,  aged  twenty- 
three,  laborer.  Entered  hospital  Feb.  i~, 
1921.  Jan.  I,  1922  still  under  treatment  for 
sinus  in  stump,  but  no  evidence  of  further 
extension  of  disease.  Resident  in  Los 
Angeles  County  one  year.  Admitted  with 
gonorrhea  and  monarticular  (left  ankle) 
arthritis,  probably  gonorrheal.  Urethral 
discharge  positive  for  gonorrhea.  Wasser- 
mann  negative.  March  2,  1921,  evidence 
of  pus  in  left  ankle.  Incised  and  drained. 
Apr.  I,  1 92 1,  smear  of  pus  from  ankle 
positive  for  coccidioidal  granuloma.  Apr. 
22,  192 1,  left  leg  amputated  at  middle 
third.  Draining  sinus  in  stump. 

Roentgen  Examination.  Destructive  proc- 
ess proximal  end  lifth  metatarsal,  internal 


malleolus,  and  internal  superior  border  of 
astragalus  (Figs.  23  and  24). 

Case  XI.  Male,  Negro,  aged  twenty, 
cook.  Entered  hospital  Apr.  i,  192 1.  Died 
May  I,  1 92 1.  Resident  in  state  and  county 
one  year.  Admitted  with  moderately  ad- 
vanced pulmonary  tuberculosis.  Shortly 
after  entry  developed  abscesses  over  right 
seventh  rib  anterior,  and  left  sterno- 
clavicular joint. 

Autopsy.  Miliary  involvement  both 
lungs  (coccidioidal  granuloma),  also  spleen, 
ll\er,  kidneys  and  retroperitoneal  lymph- 
nodes.  Left  obliterative  fibrinous  pleuritis. 
Osteomyelitis  se\enth,  eighth  and  ninth 
ribs  on  right  and  fourth  on  left  at  costo- 
chondral  junction;  also  left  clavicle  at 
sternal  end,  and  sacrum. 

Roentgen  Examinatioii.  Chest  films  un- 
satisfactory. Lumbar  spine  negative.  De- 
structive process  in  lower  left  sacrum  and 
right  se\enth  rib  (Fig.  25). 
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'"I^HIS  paper  is  intended  onlyto  be  a  per- 
-L    liminarv  report  on  the  measurement 


In  other  words,  if  a  given  image  made  at  a 
3-ft.  distance  measured  10  cm.,  the  image 
at  a  6-ft.  distance  would  measure  9.124  cm. 
In  a  series  of  25  children  examined,  each 
of  whom  incidentally  had  a  known  valvular 
lesion,  50  per  cent  of  the  measurements 
coincided  exactly  with  the  measurements 
made  by  percussion  at  the  hands  of  a  careful 
clinician.  The  other  50  per  cent  showed 
our  measurement  to  vary  from  2  to  15  mm. 


-port 
of  the  cardiac  silhouette  in  children,  and  the 
worlv  presented  with  a  \iew  toward  arriv- 
ing at  some  simple  and  at  the  same  time 
accurate  method  of  examination  that  could 
be  used  as  a  routine  in  any  laboratory. 

The  child  presents  problems  in  cardiac 
examination,  in  fact,  any  form  of 
examination,  which  do  not  apply  in  the 
adult.  He  is  usually  restless,  and  some- 
times hard  to  manage.  This  is  particularly 
true    when    he    enters    the    .v-ray    room. 

Because  of  these  ditliculties,  orthodiag- 
raphy and  teleoroentgenography  can 
hardly  be  used  routinely.  The  little  patient 
often  will  not  stand  or  sit  quiet  sufliciently 
long  to  secure  satisfactory  results  by  the 
procedures  named.  Any  attempt  at  forcible 
restraint  in  the  way  of  bands,  etc.,  increases 
the  child's  agitation,  consumes  the  opera- 
tor's time  and  usually  exhausts  his  patience. 

This  agitation  causes  increased  respira- 
tory mo\'ement  which  is  undesirable  for 
careful  cardiographic  studies. 

Our  observation  has  been  that  normal 
respiratory  movements  cause  compara- 
tively little  change  in  the  maximum 
transverse  diameter  of  the  child's  heart. 

It  was  these  difTiculties,  together  with  the 
advisability  of  having  a  technique  which 
would  allow  for  routine  examination  even 
in  a  busy  laboratory,  that  led  us  to  adopt 
a  simple,  yet  for  practical  purposes,  an 
accurate,  procedure. 

I  found  by  making  a  6-ft.  teleoroent- 
genogram  of  a  child  amenable  to 
instruction,  and  another  teleoroent- 
genogram  of  the  same  patient  at  a  3-ft. 
distance,  that  the  ratio  of  the  maximum 
transverse  diameter  at  6  ft.  was  to  that  of 
3  ft.  as  .9124  is  to  I. 

This  ratio  appears  to  be  borne  out  by 
other  practical  mathematical  calculations. 
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The  discrepancy  of  15  mm.  occurred  in 
2  cases  in  which  the  clinician  was  in  doubt 
as  to  the  accuracy  of  his  measurements, 
owing  to  the  restlessness  of  the  children. 
The  discrepancy  in  the  other  instances 
may  be  due  to  several  factors:  One,  the 
known  inaccuracy  of  clinical  methods; 
another,  the  fact  that  the  clinician  makes 
his  measurements  with  the  child  sitting 
erect,  and  his  measurements  are  centered 
in  the  mid-sternal  line.  Another  discrep- 
ancv  noted  was  that  greater  value  was 
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given  to  the  measurements  ot  the  left 
ventricuhir  border  and  proportionately 
less  to  the  right  auricular  border  than  my 
measurements  indicated.  Ho\ve%er,  the 
sum  of  the  two  measurements  constituting 
the  maximum  transv'erse  diameter,  accord- 
ing to  Groedel,  agreed.  It  was  noted  also 
that  while  the  clinician  took  his  right 
auricular  measurement  in  the  fourth  inter- 
space, and  the  left  ventricular  in  the  fifth 
interspace,  occasionally  the  roentgen  exam- 
ination demonstrated  the  extreme  left 
border  as  high  as  the  lower  edge  of  the 
fourth  interspace,  or  as  low  as  the  lifth 
rib,  while  the  right  auricular  extreme  was 
fairly  constantly  in  the  fourth  interspace. 

This  range  noted  on  the  left  side  may  be 
attributed  to  the  fact  that  the  exposures 
were  made  at  different  periods  in  the 
respiratory  cycle. 

So  that,  given  a  normal  respiratory 
movement,  not  influenced  by  pulmonary 
pathology  or  undue  excitation,  the  cardiac 
movement  causes  insignificant  changes  in 
the  actual  maximum  transverse  measure- 
ments of  the  cardiac  silhouette.  The  main 
change  is  rather  in  the  degree  of  the  angle 
formed  by  the  line  joining  the  extreme  right 
and  left  borders. 

CONCLUSION 

First:  This  procedure  offers  a  simple, 
accurate  method  of  securing  the  cardiac 
silhouette  in  children.  Second:  With  this 
as  with  other  methods  of  precision,  the 
details  must  be  technically  accurate. 

Discussion 
Dr.  Pancoast.  During  the  investigations 
carried  out  recently,  as  a  member  of  the  com- 
mittee appointed  by  the  National  Tuberculosis 
Association  to  establish  the  normal  .v-ray 
appearance  of  the  chest  of  the  child,  I  toolc 
advantage  of  the  opportunity  to  make  some 
measurements  of  the  heart  shadow,  in  case 
they  might  become  useful  for  future  reference. 
The  clufdren  examined  were  bct\\ccn  the  ages 
of  six  and  ten  years.  There  has  seemed  to  be  a 
prevailing  opinion  that  the  right  border  of  the 
heart  extends  relatively  further  to  the  right  in 
the  child  than  in  the  adult.  This  idea  was  held 
by  me  even  during  the  examinations  of  tlie 
normal  children,  but  after  tlic  measurements 
had  been  made  and  tabulated  later,  this  did 
not  seem  to  be  borne  out,  at  least  not  to 
the  extent  that  was  anticipated.  The  ratio  of 
the  median  right  to  the  median  left  measure- 
ment was  found  to  be  approximately  i  to  2. 


The  percentage  of  the  shadow  to  the  right 
side  by  orthodiagraphic  measurements  was 
as  follows:  Six  years  old,  29;  seven  years  old, 
33;  eight  years  old,  30;  nine  years  old,  34;  ten 
years  old,  35;  with  an  average  of  about  33  per 
cent.  At  that  time  we  were  making  plates  of 
all  chests  at  a  target-plate  distance  of  30  in. 
In  these  children,  the  comparison  between  the 
heart  shadow  on  the  fdm  at  30  in.  distance 
and  the  absolute  shadow  as  measured  ortho- 
diagraphicallv  showed  comparatively  little 
mcrease  in  width  on  the  film.  The  average  of 
the  measurements  of  all  children  of  six  years 
of  age  showed  an  increase  of  i".,  per  cent  in 
the  film  over  the  average  orthodiagraphic 
measurements.  At  seven  years,  the  increase  was 
i~  per  cent;  at  eight  years,  13.5  per  cent;  at 
nine  years,  15  per  cent;  at  ten  years,  10.5 
per  cent.  It  will  be  noted,  therefore,  as  Dr. 
Borzell  has  pointed  out,  tliat  there  is  com- 
paratively little  difference  between  the  size 
of  the  heart  shadow  as  measured  on  the  film 
or  plate,  even  when  made  at  so  short  a  distance 
as  30  in.  and  the  actual  size  as  measured 
orthodiagraphicallv. 

We  have  recently  increased  our  target-plate 
distance  for  chest  examinations  to  4  ft.  By  using 
Agfa  fiims  in  place  of  Eastman  films  it  has  been 
necessary  to  increase  the  time  of  exposure 
about  25  per  cent  only. 

I  think  we  all  realize  the  shortcomings  of 
our  present  methods  of  heart  investigations, 
and  that  we  do  not  obtain  all  the  information 
we  should.  Unless  we  choose  to  adopt  very 
complicated  methods,  our  present  technique 
is  exceedingly  crude  and  of  little  practical 
\alue.  Too  little  attention  is  usually  paid  to 
the  \ariations  in  measurements  between  stout 
and  tliin  individuafs.  Our  conception  of  the 
riglit  ventricle  is  practically  nil.  Surely  the 
clinician  and  the  roentgenologist  should  get 
together  and  devise  some  plan  of  action  that 
would  be  worth  while. 

Dr.  Groedel.  I  have  to  thank  you  for 
the  kind  in\-itation  to  address  this  meeting  and 
for  the  opportunity  to  discuss  this  very  inter- 
esting paper.  There  is,  of  course,  a  difference 
between  the  technique  of  exposure  for  the  heart 
of  an  adult  and  that  of  a  cliifcf.  The  distance 
between  the  chest  wall  and  tlie  heart  is  less 
in  an  adult  than  in  a  cliild;  therefore,  I  think 
it  is  quite  the  same  if  you  take  a  two  or  a  six- 
foot  plate  in  children. 

I  am  astonished  to  hear  that  you  have  diffi- 
culties in  malting  short  .v-ray  exposures.  We 
liad  no  dilhcufties  f"ormerl\-  when  we  had 
good  .v-ray  tubes,  good  intensifxing  screens, 
etc.  Now,  of  course,  all  our  material  is  so  Ixid 
that  we  too  have  diflicufties  in  tfiis  direction 
and  we  seek  a  method  of  overcoming  them. 
For  this  reason  we  are  trying  now  to  make  an 
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orthodiagram  in  e\ery  case,  if  possible.  I 
iiave  always  been  of  the  opinion  tiiat  it  would 
be  better  to  malce  an  orthodiagram  than  to 
take  plates,  because  by  this  method  we  not 
only  get  the  real  size  of  the  heart,  but  also  of 
the  lungs.  I  find  the  best  measuring  method 
is  to  compare  the  transverse  diameter  of  the 
heart  with  that  of  the  base  of  the  lungs.  One 
can  judge  by  the  two  diameters  whether  or  not 
the  heart  is  normal.  Regardless  of  whether  the 
patient  is  stout  or  thin,  in  every  normal  case 
the  diameter  of  the  heart  is  half  the  diameter 
of  the  lungs,  and  we  find  there  is  no  material 
deviation  in  this  measurement. 

One  cannot  make  this  comparative  measure- 
ment  by  teleoroentgenography,   because  here 


the  ratio  of  the  size  of  the  heart  does  not  remain 
the  same  as  that  of  the  lungs.  Thus,  if  the  actual 
transverse  diameter  of  the  heart  is  10  cm.,  you 
will  have  an  error  on  the  plates  of  perhaps  2 
mm. ;  if  the  actual  transverse  diameter  of  the 
lungs  is  20  cm.,  you  will  find  an  error  of  perhaps 
6  or  7  mm. 

In  this  country,  with  all  the  available  good 
material,  plates  and  intensifying  screens,  it 
should  be  possible  to  take  instantaneous  six- 
foot  plates — perhaps  eight-foot  plates — and 
see  if  the  diameter  of  the  heart  is  not  one-half 
the  diameter  of  the  lungs.  It  is  really  an  impor- 
tant question.  In  any  case,  I  cannot  say  any- 
thing against  this  method. 


WATER-CANCER  OR  GANGRENOUS  STOMATITIS 
TREATED  WITH  THE  X-RAY* 


BY    J.    W.    CATHCART,   M.D. 

EL   PASO,   TEXAS 


History  of  Case 

INDIAN  of  Old  Mexico,  male,  aged 
about  twenty-five  years.  A  soldier. 
Accompanying  one  of  the  revolutionary 
bands  that  have  traversed  northern 
Mexico  for  the  past  ten  years.  He  crossed 


repeated  in  three  days,  producing  a  second 
degree  burn.  Infection  rapidly  subsided 
and  the  burn  healed  promptly.  In  six  weeks 
the  patient  was  entirely  well  and  was 
presented  to  the  El  Paso  County  Medical 
Society.  He  was  then  referred  back  to  the 
Surgical  Department  where  a  plastic  opera- 


over  the  river  at  EI  Paso  and  on  account  of 
the  seriousness  of  his  condition  was 
admitted  to  the  County  Hospital.  He  gave 
history  of  ulcer  starting  in  his  mouth  one 
week  previous  following  which  time  it  had 
rapidly  developed,  as  shown  by  Figure  i. 
He  was  referred  to  the  ^-ray  Department 
and  given  an  erythema  dose  of  unfiltered 
-v-rays,  using  a  6  in.  back-up.  This  was 

•  Paper  submitted  with  application  for  membership 


Fig.  2. 
tion  was  attempted,  following  which  there 
was  a  slight  local  recurrence  with  a  septic 
focus  in  the  central  nervous  system  to 
which  he  quickly  succumbed.  This  case  is 
reported  merely  to  show  that  the  x-ray 
will  control  gangrenous  stomatitis,  as  it 
was  the  only  agent  used  other  than  nourish- 
ing food,  the  lack  of  which  was  probably 
the  causative  agent. 
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A  DEVICE  TO  PREVENT THEOMISSION  OF  A  FILTER 
IN  DEEP  ROENTGEN  THERAPY* 


BY    GEORGE    E.     PFAHLER,    M.D. 


I'HILAOKI.I'HIA,     PENNSYLVANIA 


1^0  any  one  who  is  competent  to  do  deep  Since  then,  I  found  this  ribbon  indicator 

roentgen  therapy,  no  arguments  need  in  use  in  several  of  the  clinics  in  Europe, 
be  presented  to  indicate  the  importance  of  No  mention  was  made  to  me  of  my  being 
not  omitting  the  filter  while  giving  a  dose  of  the  originator.  Therefore  it  is  entirely  pos- 
roentgen  rays.  sible  that  someone  in  Germany  conceived 

At  a  meeting  of  this  society  at  Washing-  the  same  idea,  but  this  is  only  another  argu- 
ton,  D.  C,  Sept.  27  to  Sept.  30,  1921,  I  mentas  to  its  necessity  and  its  applicability. 
presented  a  simple  method  for  this  purpose  This  ribbon  indicator  presupposes  that 

consisting  of  colored  ribbons  which  hang      the   operator   knows  the   meaning  of  the 
from  the  filter  below  the  tube  on  the  tube     ribbon  and  will  take  quick  cognizance  of 

the  absence  of  the  desired  filter. 

More  recently  a  number  of  us  have  found 
it  desirable  to  operate  our  deep  therapy 
tubes  from  underneath  the  floor  or  table, 
or  from  the  opposite  side  of  a  leaded  wall, 
or  inside  a  leaded  cabinet,  so  as  to  elimi- 
nate gases,  much  scattered  radiation,  and 
electrical  dangers. 

With  the  above  arrangements  a  ribbon 
indicator  is  useless.  Therefore,  with  the 
assistance  of  my  mechanic,  Mr.  Thomas 
Gallon,  we  ha\e  developed  a  de\ice  which 
will  excite  a  loud-ringing  door  bell  when 
the  filter  is  omitted,  thus  making  it  seem 
utterly  impossible  to  continue  the  treatment 
with  the  absence  of  the  filter.  Its  installa- 
tion varies  somewhat  on  each  of  our  three 
outfits,  but  in  principle  they  are  the  same, 
and  any  one  with  a  little  ingenuity  and 
the  understanding  of  electrical  principles, 
can  adapt  it  to  his  particular  use. 

It  consists  of  two  pieces  of  spring  wire, 
each  attached  to  the  opposite  pole  of 
two  dry  cells,  and  in  series  with  a  hammer- 
less  door  bell  (Schwarz  Electric  3"  Bell). 
When  the  filter  is  in  place  it  has  on  its 
surface  a  non-conductor  such  as  a  piece 
of  adhesi\  e  tape,  which  prevents  the  clos- 
ing of  the  circuit.  When  the  filter  is 
removed,  the  springs  come  in  contact  with 
stand  and  serve  as  indicators  either  of  the     the  diaphragm  or  frame  of  the  diaphragm 


Fk;.  I.  A  iiulic.ites  tlic  two  springs  which  iiuikc  con- 
tact with  any  diaphragm  that  is  put  in  place  without 
the  filter,  and  close  the  circuit  which  rings  the  bell. 
B  shows  the  copper  diaphragm,  C,  the  adhesive 
plaster  on  the  copper  diaphragm  which  prevents 
the  springs  from  making  contact,  D,  the  open  dia- 
phragm, E,  the  wire  to  the  batteries  and  the  bell. 


absence  of  a  filter  or  the  presence  of  a 
certain  kind  ol  filter.  This  has  served 
fairly  well,  but  it  is  onl\-  applicable  to  the 
o\erhead  tube  stand  which  the  operator 
can  see  easily  from  the  observation  w  indow 
as  the  switch  is  closed. 


holder,   the   circuit   is   closed,   and    a    bell 
rings,  that  no  one  can  ignore. 

In  the  installation  through  the  side  of 
the  wall,  Figure  i,  we  would  probably 
never  use  the  rays  through  the  full  open 
space.  One  could  easily  see  the  light  from 
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the  tube,  or  the  tube  itself.  When  a  diaph- 
ragm is  put  in  place  it  instantly  makes 
contact  and  the  bell  rings  until  it  is 
remo\ed    and    the    filter    put    in    place. 

In  the  outfit  which  makes  use  of  a  hole 
in  the  floor,  which  space  is  covered  with  a 
mattress  and  where  one  can  see  nothing 
under  any  circumstances,  it  is  so  arranged 
that  when  the  filter  is  removed  the  two 
springs  come  in  contact  with  two  pins 
connected  electrically;  or  if  a  heavy  lead 
diaphragm  is  in  place  without  the  filter, 
the  circuit  is  closed  through  the  lead  and 
the  bell  rings  until  the  filter  is  put  in  place. 

In  the  Rieber  outfit,  which  has  the  tube 
enclosed  in  a  table,  the  arrangement  is 
similar,  excepting  that  instead  of  using 
dry  cells,  which  after  a  year  may  become 
exhausted,  the  desired  bell-ringing  voltage 
is  secured  from  two  taps  of  the  auto-trans- 
former directly  from  the  machine  itself. 
Then  the  bell  rings  when  the  motor  is 
started,  if  the  filter  is  not  in  place. 

This  same  idea  can  be  applied  to  the 
ordinary  tube  stand,  and  for  use  with  the 
lower  voltage  therapy.  The  batteries  can 
be  attached  to  the  base  of  the  tube  stand 
and  therefore  moved  with  the  tube  stand. 
The  springs  can  be  so  arranged  that  they 


come  in  contact  with  either  a  diaphragm 
or  the  metal  support  for  the  tube,  and 
thereby  close  the  circuit. 

It  is  clearly  our  duty  to  protect  our 
patients  and  to  avoid  unnecessary  mental 
anguish.  I  would  therefore  urge  that  each 
one  of  you  take  some  step  to  prevent  the 
omission  of  a  filter.  Especially  do  I  urge 
this  upon  those  of  3  ou  who  are  doing  deep 
therapy. 

DISCUSSION 

Dr.  Grooner.  The  device  described  by 
Dr.  Pfahler  is  so  simple  that  very  little  needs 
to  be  said  about  it.  About  all  I  can  say  is  to 
emphasize  the  importance  of  some  foolproof 
device  for  preventing  accidents  due  to  the 
leaving  out  of  filters. 

We  should  exercise  eternal  vigilance;  and 
such  mechanical  aids  as  Dr.  Pfahler  mentions 
are  certainly  of  great  help. 

I  have  used  the  ribbon  method  that  he 
described  some  time  ago.  Incidentally,  instead 
of  ribbon  we  use  a  string  with  a  poker  chip 
attached,  having  different  colored  chips  for 
diflerent  thicknesses  of  filter. 

I  think  his  new  method  is  an  additional 
safeguard,  but  it  should  not  lead  us  into  the 
habit  of  substituting  our  sense  of  hearing  for 
our  sense  of  sight. 


A  NEW  TUBE  HOLDER  FOR  ROENTGEN  THERAPY* 


BY  THOS.   A.   GROOVER,   M.D.,   A. C.  CHRISTIE,  M.D.,  AND  E.  A.  MERRITT,  M.D. 


WASHINGTON,    D.    C. 


ADVANTAGES  which  seem  to  be 
inherent  in  certain  tube  holders 
designed  for  use  with  apparatus  dehvering 
upwards  of  200,000  volts,  in  which  the 
entire  tube  is  enclosed  in  a  lead  case,  have 
led  one  of  us  (Merritt)  to  design  and 
build  a  tube  holder  embodying  the  same 

Principles    for    use    with    lower  voltages, 
aving  certain  modifications  which  give  it 


a  range  of  flexibility  comparable  to  the  tube 
stands  commonly  used  for  this  purpose. 

The  apparatus  consists  essentially  of  a 
wooden  cylinder  31M  in.  in  length  with  an 
inside  diameter  of  12  in.  This  cylinder  is 
covered  with  sheet  lead  weighing  5  lbs. 
to  the  sq.  ft.  The  end  corresponding  to 
the  anode  of  the  tube  has  a  hinged  door 
covered  with  lead,  so  designed  that  when 
closed,  an  aperture  of  3-^  in.  remains 
between    it    and    the    periphery    of    the 


cylinder,  for  the  purpose  of  ventilation. 
The  opposite  end  is  permanently  closed 
and  lead-covered  except  for  an  aperture  2 
in.  in  diameter  for  the  accommodation  of  a 
connection  for  a  fan  which  drives  a  con- 
stant stream  of  air  through  the  cylinder, 
when  the  tube  is  in  operation. 

The  high  tension  current  is  brought  to 
the  tube  terminals  by  brass  rods  passing 
through  paper  insulators  2  in.  in  diameter 
which  are  provided  with  appropriate  tube 
connections  which  also  serve  to  support 
the  tube  in  its  proper  position. 

The  insulators  are  held  in  position  by  felt- 
lined  wooden  clamps  which  permit  their 
easy  removal  when  necessary. 

Midway  between  the  insulators  is  a 
bronze  casting  having  a  universal  joint, 
one  member  of  the  casting  being  attached 
to  the  cylinder  and  the  other  to  the  cross- 
beam of  the  raising  and  lowering  device. 
The  ball  of  the  universal  joint  is  1%  in. 
in  diameter  and  permits  an  excursion  of  45 
degrees  in  any  direction.  It  is  provided 
with  a  locking  device  to  hold  the  cylinder 
in  the  position  desired.  Handles  are 
attached  to  the  sides  of  the  cylinder  to 
facilitate  its  manipulation. 

The  raising  and  lowering  device  consists 
essentially  of  two  wooden  tunnels  securely 
fastened  and  braced  to  the  ceiling.  These 
tunnels  receive  the  upright  members 
attached  to  the  crossbeam  previously 
mentioned.  A  flexible  wire  cable  extends 
from  the  crossbeam  to  a  pulley  and  coun- 
terweight and  is  grounded  to  a  water-main. 
The  counterweight  weighs  80  lbs. 

The  device  permits  an  up  and  down 
movement  ot  the  cylinder  for  a  distance 
of  24  in. 

The  table  for  use  with  this  apparatus 
must  be  of  appropriate  height  and  pro- 
A-ided  with  roller-bearing  casters.  A  step 
attached  to  one  side  of  the  table  is  a  great 
convenience. 

The  apparatus  described,  contrary  to 
appearances,  is  of  easy  manipulation  and 
we  believe  has  the  following  advantages: 

I.  It  affords  complete  protection  to  the 
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eliminates 
expensive 


operator  from  radiation  and 
the  necessity  of  constructing 
booths. 

2.  The  patient  is  also  protected  from  all 
radiation  except  such  as  is  directed 
through  the  aperture  intended  for  that 
purpose. 

3.  We  believe  that  the  device^  safe- 
guards the  patient  from  electrical  shock. 


k 


or  down  the  table,  raise  or  lower,  is  a  good 
principle.  Suspension  of  the  weight  without 
danger  of  a  fall  of  the  whole  apparatus  on  the 
patient  is,  of  course,  desirable.  Now  all  tiiis 
has  been  very  well  done  in  a  type  of  tube  stand 
which  is  on  exhibit  here  and  manufactured  by 
the  Wappler  Elec.  Co.  I  have  used  that  tube 
stand  and  it  does  away  with  all  of  this  base- 
ment   proposition    with    concrete    floors    for 


Fig.  2. 

4.  The  risk  of  tube  breakage  and  punc- 
ture is  lessened. 

5.  The  apparatus  is  not  expensive.  It  can 
be  reproduced  for  about  $125.00  if  the 
brass  casting  is  made  from  the  original 
mold. 

DISCUSSION 

Dr.  Darling.  Apropos  of  this  tube  stand 
for  deep  therapy  work,  I  think  I  have  some 
suggestions  that  would  save  a  great  deal  of 
money. 

In  the  first  place,  it  seems  to  me  that  the 
overhead  principle  as  emphasized  by  Dr. 
Groover  is  correct,  and  to  my  mind  a  flexible 
arrangement  where  you  can  point  the  ray  up 

'  Since  reading  the  above  paper,  we  have  improved  the  appa- 
ratus by  providing  a  safety  device  which  effectively  prevents  the 
cylinder  from  dropping  in  the  event  that  the  suspending  cable  or 
counterweight  should  fail  to  function.  This  consists  essentially 
of  a  ratchet  device  (not  shown  in  the  illustrations)  attached  to 
the  wooden  tunnels  which  automatically  prevents  the  cylinder 
from  descending,  except  when  the  safety  catch  is  held  released 
by  hand. 


Fig.  3. 

protection;  it  does  awaj'  with' lead  walls  and 
all  expensive  construction,  and  gives  protection 
to  the  operator.  It  meets  every  problem,  as  far 
as  I  can  see,  that  arises  in  the  treatment  of 
these  cases.  This  has  already  been  carefully 
worked  out  and  you  can  move  it  from  oflice 
to  office.  It  looks  to  me  like  a  permanent 
addition  to  our  equipment. 

Dr.  Grier.  I  would  like  to  say  that  we 
have  had  an  apparatus  like  this  in  our  labora- 
■  tory  for  seven  or  eight  years.  Some  of  the 
members  have  seen  it.  Ours  diff'ers  from  this 
only  in  that  the  box  is  square  instead  of  round 
and  a  slot  is  cut  in  it  which  obviates  the  neces- 
sity of  moving  it — simply  reach  inside  and  move 
the  tube.  The  area  through  which  you  do  not 
wish  to  treat  is  covered  by  pieces  of  lead. 

Dr.  Johnston  described  it  before  the  mid- 
winter meeting  of  this  society'  some  seven 
or  eight  years  ago  and  it  has  been  published 
in  our  Journal. 

Dr.     Groover     (closing    discussion).     We 
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wish  to  emphasize  that  the  apparatus  we  Iiave 
shown  is  designed  for  the  accommodation  of 
the  standard  Coofidge  tube.  We  are  using  it 
baclving  up  a  spari-;-gap  of  9  or  9^2   in. 

I  appreciate  Aery  weil  the  criticism  Dr. 
Bowen  has  made  and  I  thinlc  his  point  is  well 
taken.  Of  course,  a  similar  objection  can  be 
made  to  every  piece  of  apparatus  that  is  con- 
trolled by  a  counterweight.  I  do  not  know  of 
anv  foolproof  way  of  obviating  that  particular 
difficulty. 


I  have  overlooked  the  fact  that  Dr.  Johnston 
had  constructed  a  piece  of  apparatus  embodying 
very  much  the  same  principles. 

I  think  it  is  an  advantage  in  doing  therapy 
to  have  the  entire  tube  enclosed  regardless  of 
the  voltages  used.  It  is  quite  true  that  the 
device  Dr.  Darling  mentions  embodies  exactly 
the  same  features  as  this,  but  there  is  an 
important  difference:  that  that  apparatus 
costs  something  over  Si, 200  and  this  can  be 
built  for  $125. 


DEEP  ROENTGENOTHERAPY  IN  THE  TREATMENT 
OF  CARCINOMA  OF  THE  BREAST* 


BY    GEORGE    E.    PFAHLER,    M.D. 

PHILADELPHIA,    PENNSYLVANIA 


I^HE  term  "Deep  Roentgenotherapy" 
-  has  come  to  be  applied  to  the  use  of 
roentgen  rays  produced  by  voltages  of 
over  100,000,  and  generally  in  the  neigh- 
borhood of  200,000.  Therefore  it  is  often 
referred  to  as  "High  Voltage  Treatment." 
Such  high  voltages  produce  rays  of  shorter 
wave-length.  Generally  the  effective  wave- 
length is  in  the  neighborhood  of  from  0.15 
to  0.18  of  an  Angstrom  unit.  Formerly 
we  worked  with  an  efrecti\j,e  wave-length 
of  about  0.22  to  0.23  of  an  Angstrom  unit. 
As  a  matter  of  fact,  we  have  been  doing 
"deep  therapy"  for  about  twenty  years,  or 
ever  since  we  have  successfully  treated 
deep-seated  disease,  and  especially  deep- 
seated  malignant  disease. 

We  have,  however,  made  great  improve- 
ment, because  the  newer  raj'S  are  more  pene- 
trating and  the  newer  apparatus  and 
the  new  technique  enable  us  to  deli\er  to  the 
deeper  tissues  a  greater  percentage  of  the 


much  radiation  at  any  point  where  the 
rays  are  crossing,  and  thereby  produc- 
ing a  deep-seated  necrosis,  perhaps  in 
normal  tissue. 

These  high  \oltage  machines  require 
also  the  greatest  caution  with  regard  to 
the  electric  dangers.  One  must  not  be 
misled  by  the  technique  seen  in  some  of  the 
leading  clinics  of  Europe,  where  one  can 
see  used  a  focal  skin  distance  of  23  cm. 
In  such  instances  a  coil  is  being  used,  and 
not  one  of  our  high  \oltage  transformers. 
The  coil  will  gi\e  a  serious  shock,  but 
probably  nothing  more.  On  the  other  hand, 
if  a  spark  leaps  from  a  transformer  to  the 
patient,  it  will  likely  produce  death,  because 
of  the  large  ^•olume  of  current  which  it  will 
draw. 

Probably  the  best  means  of  protection 
from  the  electric  dangers  is  to  have  a  lead 
wall  between  the  patient  and  all  wires, 
including  the  tube.  The  next  best  arrange- 


surface  dose.  Therefore,  without  producing     ment   is   probably    a    complete   insulating 


a  dermatitis  we  are  able  by  skillful  tech- 
nique to  produce  a  destructive  effect  upon 
cancer  in  the  deeper  tissues  without 
destroying  the  overlying  skin.  It  must  be 
borne  in  mind  that  this  is  only  a  relative 
condition,  and  that  in  any  given  dose  the 
greatest  absorption  and  the  greatest  effect 
are  in  the  surface  tissues.  The  .  deeper 
values  are  obtained  chiefly  by  cross-firing, 
but  in  such  cross-firing,  skill  is  necessary 
not  only  to  deliver  the  desired  quantity  to 
a  given  point,  but  to  avoid  delivering  too 


cover  over  the  patient,  such  as  the  opaque 
rubber,  which  not  onl\'  protects  from  acci- 
dental current,  but  from  stray  rays. 

Your  President  has  asked  me  to  present 
a  paper  upon  this  subject  of  carcinoma  of 
the  breast  and  to  call  your  attention  to 
some  of  the  dangers  in  this  deei>  therapy 
work,  not  taking  for  granted  that  these 
things  are  weil  known  and  always  remem- 
bered. Deep  roentgenotherapy  is  no  child's 
play,  but  requires  a  thorough  medical 
knowledge    of   diagnosis,    pathology    and 
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clinical  medicine;  a  knowledge  of  electric- 
ity and  physics;  skill  in  radiology,  and  a 
deep  sense  of  responsibility;  for  one  can  be 
so  cautious  as  to  accomplish  nothmg,  in 
which  instance  one  may  be  throwing  a  life 
away,  or  at  least  throwing  chances  away. 
On  the  other  hand,  one  can  be  so  bold  or 
reckless  as  to  cause  serious  damage,  and 
perhaps  death. 

In  the  treatment  of  carcinoma  of  the 
breast  we  have  a  more  ditTicult  problem 
than  in  the  treatment  of  carcinoma  of  the 
uterus,  because  there  is  less  chance  of  cross- 
firing.  In  dealing  with  the  uterus  we  have 
the  diseased  tissue  located  practically  in 
the  center  of  an  oval  body,  and  by  careful 
measurements  and  skill  one  can  deliver 
sufficient  radiation  into  the  diseased 
organ  to  destroy  the  cancer  cells.  In  the 
pelvis,  one  can  either  obtain  a  homogene- 
ous radiation  as  recommended  by  Dessauer 
from  the  four  surfaces,  or  one  can  use 
several  fields  anteriorly  and  posteriorly, 
so  as  to  cross  specifically  on  the  diseased 
tissue  locally,  as  recommended  by  Wintz. 

In  carcinoma  of  the  breast,  the  disease 
is  not  centrally  located,  excepting  the 
metastasis  which  may  ha\e  reached  the 
mediastinum.  The  local  tumor  is  situated 
under  the  skin,  but  at  one  side  of  an  oval. 
Therefore  one  must  deliver  the  greatest 
possible  relative  depth  dose  through  the 
mammary  region.  Then  one  must  supple- 
ment this  by  the  radiation  from  the 
axillary  portal  of  entry  and  from  the  pos- 
terior surface  of  the  chest,  sufficient  to  make 
a  total  of  about  120  per  cent  of  an  erythema 
dose. 

In  each  instance,  the  rays  must  be 
directed  toward  the  deeper  portions  of 
the  breast  tumor.  In  many  instances  it 
will  be  impossible  to  deliver  sufficient 
radiation  throughout  the  tumor.  Then 
one  must  supplement  the  roentgen  radia- 
tion by  the  insertion  of  radium  needles 
or  emanation  tubes.  These  indications  will 
also  apply  to  the  tumor  masses  in  the  axilla 
and  the  supraclavicular  regions.  The  axil- 
lary and  supraclavicular  metastases  are 
usually  nearer  the  surface  than  the  tumors 
in  the  breast,  but  unfortunately,  there  is 
even  less  chance  for  cross-firing.  There- 
fore all  three  of  these  areas  need  great 
relatixe depth  values. 


It  is  my  custom  at  present  to  use  rays 
ha\ing  an  effe^ctive  wave-length  (Duane) 
of  about  0.17  A,  produced  by  about  200  to 
210  kv.,  62  cm.  distance,  4  ma.,  with  a 
filter  of  0.5  mm.  Cu  -|-  2  mm.  glass  + 
25  mm.  mattress.  With  these  factors  on 
one  machine  I  obtain  an  erythema  dose 
in  sixty  minutes  (or  seventy-five  minutes  as 
a  maximum  toleration  dose). 

The  treatment  is  given  in  my  private 
laboratory;  and  therefore,  to  avoid  too 
much  constitutional  effect  on  the  patient, 
we  give  one  such  dose,  as  a  rule,  on  alter- 
nate days.  Four  portals  of  entry  are  used: 
one  through  the  mammary  region,  one 
through  the  axillary,  one  through  the 
supraclavicular  region,  and  one  through 
the  posterior  thoracic  region.  This  can  be 
repeated    once   at   the   end   of  six   weeks. 

With  this  deep  therapy  I  have  seen 
better  results  than  have  been  obtained  by 
the  lower  voltage  treatment.  I  will  refer 
to  three  illustrative  cases,  all  of  which  are 
records  of  stout  patients  in  whom  it  is  well 
known  that  the  disease  spreads  rapidly 
and  is  more  difficult  to  control.  Stout 
patients  offer  also  more  difficulties  to  the 
radiologist,  because  of  the  deeper  distribu- 
tion of  the  disease.  All  three  of  these 
patients  had  advanced  disease  which  could 
not  be  expected  to  disappear  with  the  lower 
voltage  treatment. 

Case  I.  Female,  aged  forty-nine,  was 
referred  on  July -29,  1922,  by  Dr.  E.  H. 
Bainbridge  and  Dr.  E.  S.  Sheldon,  for 
treatment  by  high  voltage  .x-rays. 

One  year  previously,  the  patient  had 
noticed  a  tension  In  the  right  breast, 
and  felt  a  lump  the  size  of  a  walnut. 
The  breast  continued  to  get  larger  until 
the  entire  breast  was  Indurated  and  tender. 
She  had  palpable  metastases  In  both  the 
right  axilla  and  the  supraclavicular  region. 
Dr.  Bainbridge,  by  -X-ray  examination, 
found  metastases  in  the  lungs. 

Our  .v-ray  examination  showed  thicken- 
ing of  the  mediastinal  tissues  and  pul- 
monary infiltration  at  the  base  of  the  right 
lung,  which  we  believed  were  metastatic 
carcinoma. 

She  was  given  a  dose  of  rays  over  the 
right  mammary,  the  right  axilla,  the  right 
supraclavicular  region,  the  right  chest 
posteriorly,   and   the   left   axilla   In   which 
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the  rays  were  directed  toward  the  medias- 
tinum, within  a  period  of  two  weeks. 
Such  a  course  of  treatment  has  been 
repeated  three  times  to  date.  Each  dose 
consisted  of  200  kv.,  4  ma.,  60  niin., 
with  a  filter  of  0.5  Cu.  2  mm.  glass  X  .25  mm. 
mattress  at  a  distance  of  62  cm. 

On  Nov.  I,  1922,  we  introduced 20 radium 
needles  of  10  mg.  each  into  the  tumor 
tissue  and  into  the  nodules  in  the  axilla. 

The  general  breast  is  now  soft.  The 
tumor  area  is  contracted  to  about  25 
per  cent,  is  freely  movable,  and  is  probably 
fibrous  tissue.  It  is  almost  impossible  at 
this  stage  to  decide  whether  the  remaining 
tumor  tissue  is  only  fibrous,  or  whether 
there  are  remaining  some  carcinoma  cells; 
and  for  this  reason,  if  there  is  no  reasonable 
objection,  the  breast  had  better  be  re- 
moved. In  one  such  case  we  found  a  few 
cancer  cells  remaining.  In  another  we 
could  find  no  cancer  cells  remaining,  and 
all  the  diseased  area  was  changed  to  fibrous 
tissue. 

The  dense  tissue  in  the  lower  portion 
of  the  right  lung  which  was  present 
before  beginning  treatment  has  now  be- 
come distinctly  fibrous,  and  the  general 
lung  area  is  contracted.  Whether  this  was 
originally  cancer  tissue  which  now  has 
become  fibrous,  or  whether  it  was  originally 
a  fibrous  process  which  was  further 
increased  by  the  radiation,  has  not  yet 
been  determined. 

As  a  whole,  we  believe  the  results  are 
better  than  those  we  have  obtained  with 
lower  voltage  treatment. 

C.'\SE  II.  Female,  aged  thirty-nine,  re- 
ferred Sept.  15,  1922,  by  Dr.  R.  H.  Milwee 
of  Dallas,  Tex.  About  a  year  previously 
the  right  breast  was  bruised  accidentally. 
It  became  "black  and  blue"  following 
the  injury.  About  a  month  later  a  tumor 
developed,  which  grew  progressively  larger 
until  the  entire  breast  was  tumorous, 
with  tumor  masses  in  the  axilla  about 
4  cm.  in  diameter.  There  were  small 
palpable  lymph-nodes  in  the  supraclaxic- 
ular  region,  and  abnormal  infiltration 
in  the  upper  mediastinum. 

Since  then,  the  right  mammary,  axillary 
region,  supraclavicular  and  posterior  right 
chest  ha%e  each  been  exposed  three  times, 
and  the  left  ;>xilla  once,  to  the  following 


dose  of  high  voltage  .v-rays:  200  kv.  X 
4  ma.  X  60  min.  at  a  distance  of  62  cm. 
through  a  filter  of  0.5  mm.  Cu.  X  2  mm. 
glass  X  25  mm.  of  mattress,  with  the 
result  that  no  palpable  malignant  disease 
is  found. 

This  is  a  better  result  than  I  have  seen 
in  such  an  advanced  case  before. 

Case  III.  Female,  aged  forty-seven, 
was  referred  to  me  Jan.  13,  1920,  by 
Dr.  Harry  Deaver.  In  May,  19 19,  the 
patient  had  a  small  nodule  removed  from 
each  breast.  These  were  found  to  be 
malignant.  Therefore  a  radical  operation 
was  done  on  the  left  breast  in  June,  1919. 
Because  of  severe  shock  following  this 
operation  the  right  breast  was  not  removed 
until  Dec,  1919. 

When  she  was  referred  for  .v-ray  treat- 
ment she  had  palpable  supracla\icular 
glands,  and  disease  in  the  upper  medias- 
tinum radiating  outward  from  the  roots 
of  the  lungs,  which  we  believed  was 
metastatic  carcinoma. 

Within  six  months  she  was  given  five 
courses  of  low  voltage  x-ray  treatment, 
and  all  palpable  disease  had  disappeared. 
On  June  11,  1921,  an  x-ray  examination 
of  her  chest  showed  no  evidence  of  disease. 

On  Oct.  17,  1 92 1,  Dr.  Deaver  sent 
the  patient  back  for  treatment  because 
of  a  nodule  at  the  junction  of  the  upper 
^s  and  the  lower  }i  of  the  scar,  and 
swelling  of  her  left  arm,  and  increased 
firmness  in  the  left  subcoracoid  region. 
The  mediastinum  remained  clear.  Treat- 
ment with  90  kv.,  5  ma.,  40  min.  at  a 
distance  of  40  cm.  through  6  mm.  AI.  filter 
through  the  mammary,  axillary,  and  supra- 
clavicular region,  and  a  double  dose  over 
the  nodule  caused  a  complete  disappear- 
ance of  the  evidence  of  recurrence.  She 
remained  well  until  Apr..  1922,  when  she 
began  to  have  pains  in  her  back.  A'-ray 
examination  of  the  spine  and  pelvis  showed 
undoubted  metastatic  disease  of  the  ist 
and  4th  lumbar  vertebrae,  and  also  of  the 
iliac  bones  on  each  side.  On  account  of 
general  discouragement  no  treatment  was 
given  until  June,  1922,  when  the  disease 
was  found  increased.  A  brace  was  made  to 
support  her  spine.  The  entire  spine  and 
pelvis  has  been  treated  four  times  since 
then:  200  kv.,  4  ma.,  60  min.  at  a  distance 
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of  62  cm.  with  a  filter  of  0.5  Cu.  X  2  mm. 
glass  X  25  mattress  over  each  area.  The 
disease  areas  have  recalcified,  and  her 
general  health  is  good,  and  she  has  in- 
creased in  weight.  It  would  seem  utterly 
impossible  to  have  accomplished  such 
results  in  such  a  stout  woman  with  the 
older  type  of  radiation. 

I  am  thoroughly  convinced  that  we 
have  in  our  hands  increased  power  which 
we  must  learn  to  use  skillfully. 

DISCUSSION 

Dr.  Stern.  I  was  very  much  interested 
in  Dr.  Pfahler's  paper  on  the  high-voltage 
treatment  of  carcinoma  of  the  breast. 

I  think  that  at  this  minute  we  are  still  up 
in  the  air  as  far  as  the  proper  technique  is 
concerned.  I  have  spent  the  last  fourteen 
months  in  trying  to  come  to  some  conclusion 
as  to  what  is  the  best  technique,  and  I  still 
do  not  know. 

When  I  returned  from  abroad,  after  visiting 
a  number  of  clinics  and  listening  to  some  of 
the  wonderful  results  reported,  I  thought  I 
would  try  in  succession,  the  various  techniques 
suggested,  and  decide  for  myself  as  to  the  best 
one  to  follow.  The  first  I  tried  was  the  one  I 
saw  in  Freiburg.  They  use  200,000  volt  current 
I  mm.  Cu.  and  2  mm.  AI.  filter  at  a  distance 
of  50  cm.  Their  erythema  dose  is  four  hours. 
Fields  of  exposure,  one  large  field  from  the 
front  and  one  from  the  back.  I  tried  this  on  an 
old  lady  of  eighty  who  had  one  of  the  most 
malignant  carcinomas  I  had  ever  seen.  Most 
of  these  cancers  in  old  women  are  of  the  scir- 
rhous type  that  do  not  show  much  malignancy. 
This  was  an  unusual  case  for  that  reason. 
Within  about  two  weeks  after  the  cancer  was 
discovered  it  practically  doubled  in  size;  it 
metastasized  a  little  further  up  and  went  under 
the  arm.  She  was  treated  in  Washington  for 
some  time  with  what  I  considered  very 
efficient  low  voltage  treatment.  In  spite  of 
this,  it  began  to  grow  rapidly  until  it  reached 
a  considerable  size.  When  I  first  saw  her  she 
had  a  little  bronchitis  and  the  question  came 
up  as  to  whether  we  should  wait  with  the 
treatment  until  the  bronchitis  disappeared. 
As  some  of  these  cases  of  old  chronic  bronchitis 
take  a  long  time  to  disappear,  and  her  condi- 
tion seemed  very  serious,  I  decided  that  she 
had  better  be  treated  as  soon  as  possible.  The 
immediate  result  I  thought  was  very  satis- 
factory; the  tumor  practically  disappeared. 
Shortly  after  the  treatment  I  found  that  there 
was  a  very  decided  congestion  on  the  side 
that  was  treated.  This  spread  until  very  large 


parts  ot  both  lungs  were  invoh'ed.  We  do  not 
know  whether  we  were  dealing  with  a  metasta- 
sis or  whether  the  treatment  set  up  an  intensive 
pneumonia  which  finally  carried  her  oflP.  "^'ou 
must  realize  that  when  you  get  1 10  per  cent  to 
120  per  cent  into  the  growth  you  will  probably 
get  near  100  per  cent  on  the  pleura,  a  dose 
which  _  may  set  up  a  decided  inflammatory 
condition. 

The  next  technique  I  tried  was  with  the  use 
of  %  mm.  zinc  and  2  mm.  AI.  filter  at  a  distance 
of  50  cm.  with  3  ma.  Under  these  conditions 
my  erythema  dose  is  two  hours.  Here  I  also  used 
two  large  ports  of  entry  front  and  back.  This 
patient  also  did  well,  but  the  treatment  was 
again  followed  by  a  marked  congestion  of  the 
lungs  on  the  side  treated.  This  remained  fairly 
well  localized.  Keeping  the  pleura  in  mind,  we 
decided  that  we  were  probably  dealing  with  a 
pleurisy  with  effusion;  puncturing  confirmed 
this  and  after  withdrawing  the  fluid  the  patient 
did  very  well.  Of  course  it  is  very  difficult  for 
us  to  decide  whether  the  pleurisy  with  effusion 
was  due  directly  to  the  treatment  or  whether 
it  was  merely  co-incidental.  I  personally  feel 
that  the  treatment  \\as  largely  responsible 
for  it.  In  other  cases  I  used  the  technique  Dr. 
Pfahler  warned  you  against — getting  23  cm. 
near  the  tumor.  I  think  you  can  get  as  near 
as  this  and  still  keep  every  part  of  your  tube 
at  a  safe  distance  from  the  patient.  It  is  only 
a  question  of  proper  protection  to  the  patient 
and  careful  adiustment  of  the  tube  holder.  In 
working  at  this  short  distance  you  can  take  in 
only  rather  small  fields.  Hence  the  treatment 
is  best  adapted  for  older  patients  with  localized 
growths  and  without  glandular  involvements. 
Many  of  these  patients  did  very  well  indeed. 
There  was  a  complete  disappearance  of  the 
tumor  without  complications.  This  technique 
has  the  additional  advantage  of  requiring 
considerably  less  time,  thereby  minimizing 
the  amount  of  constitutional  disturbances 
which  in  older  patients  may  be  rather  serious. 
There  is  no  douljt  that  with  the  higher  voltage 
technique  we  have  something  at  our  command 
which  enables  us  to  get  our  required  percentage 
of  depth  dose,  which  with  our  low  voltage  treat- 
ment in  many  cases  was  practically  impossible. 
As  to  the  best  technique  to  adopt  in  the  treat- 
ment of  these  cases,  it  is  still  rather  undecided. 
At  least  I  have  personally  not  come  to  any 
definite  conclusion.  Probably  the  best  thing 
to  do  is  to  decide  each  case  upon  its  individual 
merit  and  choose  the  technique  that  will  best 
answer  our  purpose  in  that  particular  case. 

Dr.  Sittenfield.  This  paper  on  carcinoma 
of  the  breast  has  interested  me  greatly,  inas- 
much as  I  had  tlie  opportunity  of  presenting 
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to  the  Clinical  Society  of  the  District  of 
Columbia  at  Washington,  two  months  ago,  a 
report  of  1 14  cases  of  carcinoma  of  the  breast 
treated  with  the  high  voltage  technique  within 
the  past  two  years  and  four  months. 

What  Drs.  Pfahler  and  Stern  have  said  about 
technique  is  perfectly  true,  though  there  is  no 
one  fast  and  set  rule  that  can  be  applied  to 
every  case  of  cancer  of  the  breast.  In  thin 
persons,  for  instance,  where  the  tumor  is  situ- 
ated 3  or  4  cm.  under  the  surface  of  the  skin, 
one  large  field,  24  cm.  square  at  a  high  focal 
distance  (and  by  high  focal  distance  I  mean  80 
to  100  cm.)  will  be  efficient.  In  another  case  it 
may  be  necessary  to  use  four  fields — anterior, 
posterior,  axillary,  and  supra-clavicular — at 
40  to  50  cm.  focal  distance. 

I  have  felt  of  late,  however,  and  have 
discussed  it  with  my  colleagues,  that  I  am  not 
quite  satisfied  that  one  intensive  dose  does  the 
trick.  I  have  felt  that  it  was  necessary  to  ad- 
minister as  much  as  the  skin  can  tolerate,  from 
100  to  150  per  cent  of  a  Skin  Erythema  Dose 
at  one  session.  By  one  session  I  do  not  mean 
one  eight-  or  ten-hour  treatment  in  one  da>'.  I 
mean  radiation  for  about  two  hours  daily 
over  a  period  of  from  four  to  eight  days. 
Daily  examination  of  the  blood  will  show  that 
there  has  been  considerable  damage  done  to 
the  cells  and  it  is  therefore  not  wise  to  repeat 
the  second  dose  within  six  weeks.  After  that  the 
dose  can  be  repeated,  and  a  third  dose  after  a 
lapse  of  three  months,  if  necessary.  I  have 
done  this  within  the  last  nine  months  and  I 
am  much  better  satisfied  with  the  outcome. 

Perhaps  it  would  be  interesting  to  point  out 
that  we  are  dealing  constantly  with  different 
types  of  carcinoma  in  the  breast  according  to 
their  clinical  and  biological  evidence.  It  is  not 
fair  to  state  that  we  have  treated  114  cases  of 
carcinoma  of  the  breast  as  one  class  unless 
something  is  said  about  the  group  and  classi- 
fication of  these  cases.  In  one  group  the  tumor 
may  be  localized  in  the  breast  and  remain  local 
in  the  breast  for  some  time,  and  it  may  be 
years  before  it  metastasizes  and  becomes  very 
malignant.  This  type  \\\\\  respond  favorably 
to  radiation  or  surgery.  In  the  other  type  we 
have  tumors  of  the  breast  which  metastasize 
very  rapidly  either  into  the  axillary,  supra- 
clavicular or  as  Handley  states,  into  the  pectoral 
fascia. 

We  are  dealing  here  w  ith  two  clitTerent  types 
of  cancer.  This  is  important  to  bear  in  mind 
because  we  do  not  get  the  same  results  in  one 
type  as  in  tiie  other.  First  of  all,  the  clinical 
and  biological  malignancy  of  the  lesion  has 
everything  to  do  with  the  result  obtained.  In 
the  cases  described  as  Group  2,  where  the 
lesion  has  alread\  spread  to  axillary  and  supra- 


clavicular regions,  I  am  afraid  that  radiation 
or  surgery  is  not  going  to  benefit  this  type  of 
patient  to  a  very  great  extent.  In  order  to  meet 
this  classification  and  to  administer  treatment 
accordingly,  one  must  adopt  means  and 
methods  best  suited  to  administer  300  to  400 
per  cent  of  a  S.E.D.  to  the  lesion  itself.  At 
times  It  IS  essential  to  use  a  parafijne  block  3,  5, 
or  7  cm.  over  the  surface  of  the  skin  in  order 
to  treat  that  lesion  as  a  deep-seated  one,  and 
in  this  way  to  get  as  much  from  the  anterior 
part  of  the  chest  as  from  the  posterior  field. 
At  other  times  it  is  necessary,  in  order  to 
increase  secondary  radiation,  to  use  a  water 
bag  or  an  ox-bladder  filled  with  water  to 
obtain  a  better  absorption  coefficient. 

In  other  words,  we  must  get  away  from  the 
former  fixed  idea  that  one  carcinoma  dose  will 
do  for  every  case.  It  is  absolutely  necessary 
to  improvise  radiation  technique  in  every 
individual  case  to  fight  any  one  type  of 
carcinoma  of  the  breast. 

Dr.  Pirie.  When  this  high-voltage  treat- 
ment came  in  and  we  got  first  information  on 
it,  I  think  the  statement  was  unfortunate  that 
1 12  per  cent  of  an  erythema  dose  was  the  dose 
with  which  to  kill  cancer.  Dr.  Sittenfield  had 
absolutely  contradicted  that,  and  I  am  glad 
to  hear  it.  I  contradict  it  myself.  I  do  not  say 
that  112  per  cent  of  an  erythema  dose  will 
not  kill  cancer,  but  there  are  many  which  it 
will  not  kill.  In  one  case  I  have  given  five 
erythema  doses  and  it  did  not  kill  the 
cancer. 

We  had  yesterday  an  example  of  the  differ- 
ence in  susceptibility  of  mice  cancers  to  .v-rays. 
Certainly  the  same  is  true  of  human  cancer; 
and  we  must  work  out  a  technique  that  will 
kill  every  one.  If  a  cancer  is  supposed  to  be 
killed  by  112  per  cent  of  an  erythema  dose,  I 
do  not  see  why  it  should  not  be  killed  with  five 
erythema  doses  as  well.  The  patient  will  stand 
five  erythema  doses  iust  as  well,  and  it  is 
perfectly  safe  to  overdose  a  patient. 

The  sNstemic  efiects  are  a  great  drawback. 
Dr.  Pfahler  mentioned  when  he  was  giving 
four  areas  that  he  treated  one  above  the 
clavicle.  I  would  like  to  mention  an  experience 
I  have  had  showing  the  systemic  effect.  I 
had  an  old  lady  with  carcinoma  of  the  glands 
above  the  clavicle  and  I  treated  her  with 
anterior  and  posterior  applications.  She  stood 
the  erythema  dose  quite  well.  When  she  came 
in  for  her  next  series  I  thought  I  would  get 
better  results  b\'  aiming  the  rays  down.  That 
direction  sent  the  ra\s  right  through  the  body, 
with  tiie  result  that  she  was  intensely  sick. 
This  shows  the  effect  of  raying  a  large  part 
oi  the  body  in  comparison  with  a  small  part 
of  it. 
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An  obser\ation  on  the  blood  may  interest 
you.  A  patient  had  his  blood  count  done 
immediately  before  one  hour's  dose;  he  had 
635,000  white  blood  cells.  At  the  end  of  the 
hour  of  treatment  another  blood  count  was 
made  and  it  was  found  that  his  white  blood 
count  had  dropped  from  635,000  to  135,000. 
Later  on  it  dropped  down  to  13,000. 

As  to  the  question  of  divided  doses,  I  think 
that  until  we  know  our  technique  we  shall 
have  to  go  on  with  divided  doses. 

Dr.  Groover.  About  two  years  ago  we 
called  attention  to  certain  lung  changes  which 
we  had  observed  in  treating  patients  for 
breast  cancer.  At  that  time  we  were  using  the 
following  technique:  5  ma.  current,  9  in. 
spark  gap,  12  m.  distance,  and  ^9  nim.  Cu.  and 
I  mm.  Al.  filter,  with  exposure  time  of  three 
hours.  We  stated  at  the  time  that  in  many 
cases  we  got  a  pretty  severe  skin  reaction 
which,  however,  caused  no  serious  inconveni- 
ence, but  we  were  impressed  with  the  regularity 
with  which  these  lung  changes  appeared. 

I  merely  wish  to  state  at  this  time  that  we 
have  abandoned  that  technique  for  that  reason. 
We  are  now  using  the  higher  \-oItage  apparatus, 
but  have  not  used  it  a  sufficient  length  of  time 
to  check  up  on  the  lung  changes.  However, 
we  are  thoroughly  convinced  that  we  can  put  a 
lung  out  of  commission  with  much  lower 
voltages. 

I  am  very  glad  mdeed  to  hear  the  men  sound 
a  note  of  warning  as  to  the  dangers  of  this 
so-called  intensive  treatment.  I  think  that  we 
should  be  cautious  in  the  matter — not  cautious 
to  the  pomt  of  cowardice,  because  we  should 
remember  that  we  are  dealing  with  an  other- 
wise hopeless  malady,  but  we  should  at  least 
attempt  to  balance  our  dosage  to  the  patient's 
tolerance,  which  is  not  necessarily  a  question 
of  skin  tolerance. 

Dr.  Warren.  Perhaps  a  word  from  the 
experimental  side  would  be  of  value  at  this 
stage  ui  the  discussion.  Most  of  our  work  has 
been  done  in  California  under  Whipple,  who 
has  been  studying  intoxications  of  the  non- 
specific type.  A  discussion  of  the  things  which 
cause  the  intoxication  following  radiation 
would  not  sound  well  here. 

One  of  the  things  we  are  continually  con- 
cerned with  is  the  intoxication  following  treat- 
ment of  tumors  with  radiation.  One  of  the 
chief  symptoms  which  brings  the  patient 
with  a  tumor  to  you  is  cachexia.  This  is  the 
result,  supposedly,  of  degeneration  of  certain 
portions  of  the  tumor  which  produces  intoxi- 
cating substances.  These  bring  about  the 
condition  in  the  body  known  as  cachexia.  If 
you  radiate  the  patient  and  destroy  the  tumor, 
you  throw  more  of  these  intoxicating  substances 


into  a  circulation  which  is  already  overtaxed 
by  these  substances.  You  intensify  the  proc- 
esses already  going  on,  and  as  a  result  the 
patient  becomes  quite  sick.  A  patient  who  has 
a  carcinoma  which  is  well  advanced  is  quite 
susceptible  to  a  very  small  increase  of  these 
substances,  and  therefore  some  of  these  effects 
are  shown  immediately.  Other  patients  who 
are  not  so  susceptible  may  not  show  these 
effects  until  degeneration  of  the  tumor  is  well 
under  way.  Certain  experimental  intoxications 
are  produced  readily  in  dogs  by  radiation. 
If  you  give  350  ma.  niin.  over  the  abdomen 
diffusely  (we  used  95  kv.,  distance  of  10  in., 
using  2  mm.  Al.)  these  dogs  die  on  the  fourth 
day.  The  symptoms  start  on  the  second  day. 
This  has  been  found  to  be  constant  in  most 
of  the  series  of  animals  available.  As  you  go 
lower  in  the  vertebrate  scale  the  animals  are 
more  resistant.  We  thought  this  was  due  to  the 
fact  that  the  intestinal  epithelium  was  highly 
organized  and  therefore  less  sensitive.  The 
intoxication  is  explained  upon  the  basis  of 
the  widespread  destruction  of  the  crypt  cells 
in  the  intestinal  epithelium.  This  destruction 
was  very  sharply  limited  to  the  small  intestine 
from  the  pylorus  to  the  ileocecal  valve.  This 
acute  reaction  to  radiation  can  be  found 
microscopically  to  start  two  hours  after  radia- 
tion and  has  been  traced  through  up  to  the 
time  of  death  at  the  end  of  four  days.  It  is 
accompanied  by  a  bloody  diarrhea  and  prostra- 
tion. Chemical  and  other  investigations  need 
not  be  discussed  here  but  there  is  evidence 
that  a  profound  tissue  destruction  has  occurred. 
This  is  brought  out  on  histological  and 
anatomical  study.  (Warren  &  Whipple,  J.  Exp. 
Med.,  1922.) 

Yesterday  quite  a  bit  was  said  about  the 
destruction  of  capillaries  by  radiation.  I  do 
not  think  this  is  truly  a  primary  radiation 
effect.  In  the  first  place,  after  a  tumor  has 
been  radiated,  the  epithelial  cells  are  killed. 
If  you  kill  tissue  in  any  portion  of  the  body  the 
pathologist  Will  tell  you  that  an  ordinary 
inflammatory  reaction  will  be  brought  about. 
The  tissue  coagulates  and  this  brings  about  a 
hemorrhage  in  that  region  by  rupture  of  the 
capillaries.  Fibroblastic  tissue  is  thrown  out  and 
the  tissue  is  repaired.  The  same  thing  probably 
happens  in  the  tumor.  I  do  not  know  that  this 
is  strictly  true  in  tumors  but  in  our  series  of 
studies  on  animal  tissue  this  is  decidedly  true 
in  normal  tissues.  The  intestinal  lesions  which 
can  be  produced  with  great  regularity  in  dogs 
show  thousands  of  small  capillaries  in  the  villi 
which  are  ruptured  and  thrombosed,  secon- 
darily to  the  destruction  of  the  epithelium  by 
the  radiation. 

There  is  another  reason  to  suppose  that  the 
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capillaries  are  not  primarily  influenced  ijy 
radiation.  The  capillaries,  fibroblastic  cells 
and  white  blood  cells  are  necessarily  resistant  to 
digestion.  In  all  tissue  repair  these  cells  are 
concerned  with  migration  into  areas  which 
have  been  destroyed,  and  which  offer  unfavor- 
able environments  for  growth  and  life.  These 
cells,  therefore,  must  remain  in  the  presence  of 
degenerating  tumors  and  injured  areas  and 
repair  these  areas.  Antolysis  studies  have 
shown  that  these  same  cells  are  the  most 
resistant  in  the  body,  and  radiation  seems  to 
have  no  influence  upon  their  rapidity  of  diges- 
tion or  disintegration  (Warren  &  Whipple — 
ibid). 

Other  cells,  sensitive  to  radiation  have  been 
shown  to  autolyze  much  more  rapidly  than 
unsensitive  cells. 

With  reference  to  repeated  dosage,  we  have 
had  several  interesting  leads.  I  am  surprised 
that  no  one  mentioned  the  article  by  Kingery 
{Arch.  J.  Dermat.  &■  Syph.,  1920).  A  lot  of 
these  things  get  lost  in  the  literature.  He 
conceived  the  idea  that  the  radiation  effects 
decreased  in  accordance  with  the  mass  law. 
Therefore,  if  he  repeated  the  dosage  at  a 
certain  definite  interval  he  could  keep  up  the 
"saturation  dose,"  in  the  tumor  or  skin.  I  say 
"saturation  dose"  with  quotation  marks 
because  that  is  a  poor  name  for  the  effect 
produced.  He  found  that  50  per  cent  of  an 
erj'thema  dose  could  be  repeated  every  three 
and  a  half  days  without  an  erythema.  Obviously 
the  skin  is  tremendously  more  resistant  than 
the  intestinal  epithelium.  Such  factors  as 
latent  effects  complicate  the  matter  still  more. 
One  erythema  dose  in  the  dog  is  75  ma.  min., 
95  kv.,  2  mm.  Al.  filter,  distance  of  lo  in. 
from  skin  to  target.  In  human  beings, 
using  the  same  machine,  $0  ma.  min.,  under 
the  same  condition,  was  found  to  be  an 
erythema  dose.  75  ma.  min.,  the  E.D.  for  a 
dog  definitely  injures  the  intestinal  tract.  If 
we  gave  it  all  in  one  dose,  350  ma.  min.,  over 
the  abdomen,  would  kill  the  dog  in  four  days. 
If  this  dosage  is  distributed  over  a  period  of  a 
week,  the  dog  will  just  survive  no  matter 
how  the  dose  is  divided  up.  If  350  ma.  min.  is 
distributed  over  more  than  a  week,  the  efl'ect 
noted  will  be  in  proportion  to  each  individual 
dose  only.  Thus  summation  of  the  intoxication 
produced  by  destruction  of  intestinal  epithelium 
could  only  be  brought  about  by  giving  all  the 
radiation  within  a  week.  This  is  further  evi- 
dence in  favor  of  the  non-specific  nature  of 
the  intoxication. 

I  was  interested  yesterday  in  the  statement 
that  in  treating  a  tumor  you  siiould  go  after 
the  ultimate  tumor  cells  whicii  were  left 
after    extensive    radiation.    We    found     that 


although  you  killed  the  dog  after  .v-raying 
the  intestines,  you  did  not  destroy  all  of  the 
intestinal  epithelium,  but  if  you  spread  the 
dosage  out  over  a  period  of  a  week  or  more 
you  killed  more  and  more  of  the  intestinal 
epithelium.  We  thought  that  the  intoxication 
after  each  radiation  was  due  to  absorption 
by  the  blood  stream  of  toxic  substances  from 
the  dead  cells.  The  dog  would  go  through  the 
symptoms  following  one  dose  and  then  recover. 
There  was  no  increased  sensitivitj^  or  anaphy- 
lactic reaction  to  the  second  dose.  It  was  a 
purely  chemical  phenomenon. 

We  have  had  a  small  amount  of  experience 
with  secondary  radiation.  We  used  lead  screens 
with  a  one-  or  two-inch  aperture,  square,  or 
circular,  as  the  case  might  be.  Using  intestinal 
epithelium  as  an  indicator,  we  gave  7  or  8 
erj'thema  doses  over  this  small  area.  The  dog 
had  a  small  amount  of  diarrhea  and  at  autopsy 
there  was  definite  ulceration  of  the  intestine 
which  was  sharply  limited  to  the  area  that 
was  exposed  to  the  rays  through  the  aperture. 
We  think,  therefore,  that  secondary  radiation 
which  may  be  effective  in  the  destruction  of 
sensitive  tissues  is  not  a  factor  which  neces- 
sarily has  to  be  considered  in  therapy.  I 
know  there  are  a  lot  of  physicists  who  will 
not  agree  that  secondary  radiation  is  not 
effective,  but  at  least  by  this  method  we  can- 
not demonstrate  any  effect  in  the  tissues  at 
any  appreciable  distance  from  the  area  which 
has  been  exposed  in  the  primary  beam. 

We  have  had  no  experience  whatever  with 
the  effect  of  high  voltage  radiation  upon  the 
pleura,  but  we  have  used  tremendous  doses 
at  95  kv.  over  the  thorax  and  we  have  obtained 
no  lesions  except  skin  burns  and  changes  in 
the  white  count  and  bone  marrow.  Very  often 
those  cases  in  which  pleural  fibrosis  is  present 
are  complicated  by  carcinoma.  Carcinoma  is 
well  known  to  produce  fibrosis  and  also  exudate 
in  the  pleural  cavity.  It  is  probable  that  the 
fibrosis  noted  is  due  to  the  cancer  and  not  to 
the  radiation.  More  experimental  work  must 
be  done  on  this  subject  to  clarify  this  point. 

There  is  another  consideration  which  I  think 
the  average  man  does  not  think  of,  and  that  is, 
how  often  he  exposes  the  abdomen  without 
taking  into  consideration  the  fact  that  his 
rays  may  penetrate  through  the  abdomen. 
We  have  looked  with  great  respect  upon  the 
intestinal  tract,  and  every  time  there  is  any 
chance  at  all  for  the  radiation,  even  at  a  great 
distance,  to  penetrate  the  abdominal  region, 
we  suspect — or  we  should  suspect  at  least — 
that  the  intestinal  tract  has  been  injured  to 
some  extent,  causing  some  symptoms  of 
intoxication  without  producing  any  clinical 
evidences  of  such  an  injury.  When  a  patient 
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has  been  radiated  and  the  intestinal  tract  is  in 
the  field,  even  though  very  far  distant,  we 
must  rule  out  that  particular  element  when 
talking  about  intoxications. 

Dr.  Pfahler  (closing  discussion).  I  ap- 
preciate this  discussion  very  much.  I  purposely 
made  the  paper  brief  so  that  we  could  have  it. 
I  did  not  attempt  to  discuss  all  the  phases 
that  might  have  been  considered. 

First,  with  reference  to  the  dose:  I,  of 
course,  do  not  think  there  is  any  fixed  dose  for 
carcinoma.  Many  of  you  have  gotten  the 
impression  that  in  Europe  these  men  who 
speak  of  a  carcinoma  dose  think  there  is  some 
fixed  percentage  of  an  erv'thema  dose  that  will 
kill  all  cancer.  I  am  quite  sure  you  are  wrong. 
At  least,  that  has  not  been  my  observation. 
They  simply  take  that  percentage  as  a  general 
plan  of  action. 

I  agree  thoroughly  with  Dr.  Sittenfield  that 
we  must  adapt  our  technique  and  dosage  to 
each  individual  case,  and  must  consider  first 
of  all  the  patient's  general  condition  and 
general  health.  We  must  not  kill  the  patient 
while  curing  the  disease,  and  for  that  reason, 
as  you  will  see  by  the  few  cases  I  referred  to, 
we  do  not  attempt  to  give  ali  the  treatments 
in  one  day,  but  spread  them  over  a  period  of 
ten  days  to  two  weeks.  \'ou  will  see  by  the  few 
cases  that  I  have  referred  to  (and  I  can  refer 
to  others),  that  we  do  not  attempt  to  cure  the 
case  by  a  single  application.  Every  one  has  had 
from  three  to  five  applications  over  the  diseased 
area,  and  so  you  see  that  we  have  really 
delivered  into  that  tissue  from  three  to  five 
times  the  amount  that  we  might  think  neces- 
sary to  cure  the  disease.  I  am  quite  sure  that 
in  many  cases  we  are  not  curing  them,  no 
matter  how  much  we  carry  into  the  tissue.  We 
all  observe,  clinically,  in  carcinoma,  that  there 
is  a  great  variation,  and  we  must  meet  that 
variation  with  the  maximum  amount  of  radia- 
tion that  we  can  deliver  into  the  diseased 
tissue.  If  we  can  know  just  where  the  diseased 
tissue  is  located  and  confine  our  cross-firing 
as  much  as  possible  to  that  diseased  area,  we 
will  do  much  for  the  patient.  But  unfortu- 
nately, especially  in  carcinoma  of  the  breast, 
we  get  metastasis  at  great  distances,  and  at  the 
best  we  cannot  plan  to  treat  further  than  the 
mediastinum  in  the  first  treatment. 

Now  as  to  the  blood:  We  must  be  very 
careful  about  the  blood.  In  every  case  that 
we  treat  with  high  voltages  we  start  with  a 
complete  blood  count,  so  that  we  know  the 
condition  of  the  blood  at  the  start.  If  it  is  not 
up  to  normal,  we  do  everything  that  is  possible 
to  bring  it  up  to  normal.  The  blood  must  be 
watched  during  the  course  of  treatment  be- 
cause the  treatment  does  tend  to  decrease  both 


the  reds  and  the  whites.  The  rapid  decrease 
to  which  Dr.  Pirie  referred  is  a  question  that 
has  not  yet  been  solved.  Of  course,  he  starts 
with  an  extremely  high  white  count,  and  of 
course  that  will  respond  much  more  readily 
than  normal  blood. 

Now  as  to  technique:  We  are  not  using  the 
same  general  technique  in  every  case,  but  we 
should  have  something  to  start  with.  I  gave 
you  just  a  general  plan  of  action,  but  by  no 
means  should  you  confine  yourself  to  that. 
You  must  adapt  your  technique  to  the  individ- 
ual case.  If  you  know  where  the  diseased 
tissue  is,  and  can  confine  your  radiation  to  that 
diseased  area  and  are  sure  there  is  none  beyond, 
you  are  better  off  for  the  sake  of  the  patient. 
\  ou  cannot  send  radiation  through  normal 
tissue  without  some  efi^ect  on  it. 

With  reference  to  lung  changes:  I  have  been 
studying  the  chests  of  patients  I  have  been 
treating  routinely  during  the  past  twelve 
years.  I  make  a  plate  at  the  very  beginning  of 
treatment  and  make  repeated  plates  during 
several  years  following  this  treatment.  I  have 
also  been  noticing  these  fibrotic  changes  de- 
veloping in  the  lungs.  Not  in  the  great  ma- 
jority— I  should  say  perhaps  10  per  cent — but 
in  every  instance  when  I  take  this  series  of 
plates  running  back  over  several  years  in  which 
I  observed  these  fibrotic  changes,  I  have  been 
able  to  trace  the  beginning  of  it  even  before  I 
gave  the  first  application.  If  j^ou  look  carefully, 
you  can  trace  back  and  find  the  very  beginning 
of  the  fibrotic  change  before  you  start.  We  are 
probably  stimulating  it  in  some  w^ay.  For  a 
time  I  thought  the  changes  were  a  fibrous 
process  replacing  malignant  disease.  I  do  not 
know  what  it  is. 

I  am  much  interested  in  Dr.  Warren's  state- 
ment that  he  has  not  observed  these  changes 
in  dogs.  We  must  bear  in  mind  that  they  do 
not  come  quickly.  They  may  come  six  months, 
a  year  or  two  years  after  treatment.  Therefore, 
it  may  be  that  he  has  not  observed  the  dogs 
long  enough  to  get  the  fibrous  changes.  I  do 
not  think  these  changes  should  deter  further 
treatment. 

With  regard  to  setting  up  a  pleurisy,  I  will 
give  you  a  single  experience  which  I  have  had 
in  the  past  few  months.  Patient  was  referred 
to  me  by  Dr.  Babcock ;  she  was  tapped  on  two 
occasions  for  pleural  effusion,  left  lung,  follow- 
ing carcinoma  of  the  left  breast,  before  coming 
to  me.  I  made  an  .v-ray  examination  and  found 
further  evidence  of  fluid.  I  did  not  want  to 
start  treatment  until  the  fluid  was  removed. 
This  was  done  and  I  made  another  examina- 
tion, and  found  half  of  the  lung  area  opaque. 
I  think  it  was  undoubtedly  due  to  tumor  tissue. 
I  treated  that  patient  with  high  voltage  in  the 


574 


A  Simple  Nomogram  for  the  Determination  of  Radium  SI<in  Doses 


manner  which  I  have  described.  The  tumor 
tissue  lias  undoubtedly  decreased,  the  patient's 
general  health  has  improved,  and  the  fluid  has 
not  recurred. 

Now  as  to  toxic  effects:  That  is  a  subject  we 
could  spend  a  whole  day  discussing  and  then 
not  decide.  I  regret  exceedingly  that  Dr.  Case 
did  not  come  and  give  us  his  paper.  I  have  been 
studying  this  subject  of  radiation  sickness  for 
a  number  of  years  and  have  had  such 
contradictory  evidences  that  I  do  not  know 
where  I  stand. 

I  have  referred  to  this  one  case  before  m 
discussion,  but  I  mention  it  again  because  it  is 
so  peculiar.  Patient  was  treated  for  fibroid  of 
the  uterus  and  was  given  i6  portals  of  entry  at 
that  time.  During  the  first  course  of  treatment 
she  had  no  radiation  sickness.  Then  she 
developed  sickness  and  I  finally  gave  her  only 
one  dose  on  each  day.  When  she  came  back  for 
the  third  or  fourth  course  of  treatment  she 
said  she  wanted  the  treatment  all  in  one  day — 
wanted  to  be  sick  all  in  one  day  and  get  it 
overwith.  So  I  gave  her  i6  doses,  and  she  did 
not  get  sick  a  bit.  How  are  you  going  to  explain 
it?  We  run  into  such  contradictory  evidence  all 


the  time.  Sickness  does  not  always  come 
from  the  abdomen.  I  have  had  serious 
radiation  sickness  when  treating  about  the 
face  where  the  rays  were  sent  down  through 
the  body. 

I  was  very  much  interested  in  the  observa- 
tions of  Dr.  Warren  that  ulcerations  were 
confined  to  the  area  treated.  That  would 
indicate,  in  my  judgment,  that  the  radiation 
sickness  is  not  due  to  degeneration  of  the 
intestinal  epithelium,  because  the  damaged 
epithelium  is  confined  to  the  actual  location 
of  the  rays,  and  therefore  it  is  not  due  to  any 
secondary  effect  from  circulating  blood 
changes.  I  know  you  will  find  in  the  literature 
that  some  of  the  European  workers  have 
assumed  that  the  radiation  sickness  is  due 
entirely  to  effect  on  the  intestinal  epithelium. 
Of  course  you  observe  epithelial  changes  from 
massive  doses  for  carcinoma  of  the  uterus 
because  you  are  sending  the  rays  through  that 
area,  especially  where  you  are  using  large 
fields,  but  I  think  it  is  entirely  wrong  to  assume 
that  radiation  sickness  is  entirely  due  to  that 
effect.  There  must  be  something  else  we  have 
not  yet  discovered. 
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IN  a  previous  paper,'  an  equation  was 
published  whereby  if  five  of  the  six 
conditions  determining  radium  dosage — 
milligrams  of  element,  time  of  exposure, 
distance  of  source  from  skin,  amount  of 
filtration,  and  size  and  shape  of  appli- 
cator— were  known,  the  sixth  could  be 
calculated.  The  equation  is 


S.D.  = 


0.63  X   (mg.  X  hr.)  X  a  X  5 


(cm.)''' 

S.D.  represents  the  amount  of  radiation 
falling  on  the  skin,  measured  in  terms  ot 
the  standard  erythema  dose;  a,  a  factor 
which  takes  account  of  the  filtration; 
5,  one  depending  on  the  size  and  shape  of 
the  applicator  and  its  distance  from  the 
skin;  mg.,  hr.,  and  cm.  are  self-explanatory. 
A  table  of  values  for  a  was  published  in  the 
same   paper,    and   tables   and   curves   for 

'  Failla.    Quimby.    and    Dean.    Some    problems    of   radiation 
therapy.  Am.  J.  Roentgenol. .  Avigust.   1022. 


finding  the  value  of  6  for  any  applicator,  in 
a  later  one.'-  It  remains,  then,  only  to  sub- 
stitute the  \alues  in  the  formula  and  per- 
form the  indicated  operations. 

It  occurred  to  the  writer  that  a  simpler 
means  of  solving  this  equation  would  be  a 
nomogram,  or  chart,  on  which,  when  the 
points  representing  the  known  quantities 
were  connected  by  straight  lines,  the  solu- 
tion would  be  immediately  indicated.  Such 
a  chart  can  be  constructed  for  an  equation 
of  this  type  with  any  number  of  \ariables, 
but  the  simplest  form  is  for  four.  We  may 
reduce  the  number  of  variables  in  our  equa- 
tion to  four  by  combining  milligrams  and 
hours  into  milligram-hours,  and  h\  deciding 
that  we  will  make  a  separate  chart  for 
each  filtration  factor,  thus  reducing  a  to  a 
constant  for  the  special  case.  In  practice, 
only  a  few  filters  are  used,  and  it  is  more 

-  Quimby.  The  effect  of  the  size  of  radium  applicators  on  skin 
doses.  Am.  J.   Roknh;enol..  October,    1922, 


A  Simple  Nomogram 

convenient  to  have  a  chart  for  each  one 
than  to  use  the  more  comphcated  nomo- 
gram for  five  variables. 

If  we  consider  the  special  case  ot  a  filter 
of  2  mm.  of  brass  and  a  few  mm.  ot  rubber, 
in  which  we  are  most  interested,  as  the 
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Figure  i .  The  scales  AX,  BY,  AZ,  and  BT 

represent  skin  dose,  milligram  hours,  dis- 
tribution factor,  and  distance  respectively. 
The  diagonal  AB  is  necessary  m  using  the 
chart,  and  the  dotted  lines  represent  a 
solution  of  the  equation,  and  will  be  dis- 
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standard     for     gamma     ray     therapy,     a 
becomes  0.009,  ^"'^  o^""  equation  is 

J,  P^    _  0.63  X  0.009  X  (mg.-hr.)  X  5 
^■^-  ~  (cm.)^ 

The  nomogram  for  this  equation,  con- 
structed by  the  regular  method  (see 
"Graphical  and  Mechanical  Computa- 
tion,"   by    Joseph    Lipka)     is    shown    in 


cussed  later.  Figures  2  and  3  are  similar 
nomograms  for  filtrations  equivalent  to 
0.5  mm.  of  brass  and  1.2  mm.  of  rubber, 
and  0.16  mm.  of  brass  and  1.2  mm.  of 
rubber  (a  equals  0.03  and  0.25  respec- 
tively). 

The  method  of  using  these  is  as  follows: 
Three  of  the  variables  in  the  equation  are 
known,  and  it  is  desired  to  find  the  fourth. 
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Between  the  values  of  the  two  known 
quantities  which  occur  on  opposite  scales — 
S.D.  and  mg.-hr.,  or  cm.  and  8 — draw  a 
straight  hne.  Connect  the  point  where  this 
hne  crosses  the  diagonal  AB  with  the  point 
on  the  scale  representing  the  third  known 
quantity,  and  extend  this  line  to  the  fourth 


I.  With  an  applicator  8  X  12  cm.,  hav- 
ing a  filtration  equivalent  to  2  mm.  of 
brass  and  2.4  mm.  of  rubber,  it  is  desired  to 
give  one  skin  dose  at  a  distance  of  6  cm. 
What  amount  of  radiation  is  necessary? 
The  solution  is  indicated  in  Figure  i. 
The   distribution   factor,    5,    for   such   an 
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scale,  which  it  will  intersect  in  the  point 
giving  the  desired  ^•alue.  A  few  illustrations 
will  make  this  clear.  Values  for  6  for  any 
applicator  at  any  distance  may  be  found 
by  means  of  the  paper  previously  men- 
tioned. A  few  of  those  most  used  are  given 
in  Table  I. 


applicator  is  0.719.  The  line  MN  joins  this 
point  on  the  6  scale  with  6  on  the  centi- 
meter scale,  and  intersects  the  diagonal 
AB  in  P.  The  line  QP  connects  this  point 
with  I  on  the  skin  dose  scale,  and,  extended, 
cuts  the  milligram  hour  scale  at  8,800, 
which  is  the  dose  required. 


A  Simple  Nomogram  for  the  Determination  of  Radium  Skin  Doses 


577 


2.  What  will  be  the  intensity  of  radia- 
tion delivered  on  the  skin  by  a  4  cm. 
square  plaque  having  a  filtration  equiva- 
lent to  0.16  mm.  of  brass  and  1.2  mm.  of 
rubber,  when  a  dose  of  25  mgm.  hrs.  is 
given  at  a  distance  of  2  cm.  from  the  skin? 
The    solution    is    indicated    in    Figure    3, 


In  practice  it  is  convenient  to  copy  these 
nomograms  accurately  to  scale  on  a  piece 
of  cardboard  or  stiff  paper,  and  use  tracing 
paper  on  which  to  mark  the  index  Hues  for 
solving  the  equation.  In  this  way  the  chart 
itself  will  not  be  disfigured. 

The  accuracy  of  the  solution  obtained  in 
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h  from  the  table  is  0.462,  and  the  line  MN 
joins  this  point  with  2  on  the  centimeter 
scale.  PR  joins  the  intercept  on  the  diag- 
onal with  25  on  the  milligram  hour  scale, 
and,  extended,  cuts  the  skin  dose  scale  at 
0.475,  which  is  the  portion  of  a  full  skin 
dose  delivered  on  the  skin. 


this  way  depends  on  the  accuracy  with 
which  the  scales  are  made  and  the  care 
with  which  the  index  lines  are  con- 
structed. It  should  be  easy  to  get  results 
correct  to  within  2  per  cent,  which  is  much 
better  than  actually  needed  in  radiation 
therapy. 


78 


A  Simple  Nomogram  tor  the  Determination  of  Radium  Skin  Doses 


Table  I 

DISTRIBUTION    FACTORS     FOR    CERTAIN    APPLICATORS    AT    DEFINITE    DISTANCES 

I.  Filter  0.16  mm.  Brass  and  1.2  mm.  Rubber 


Distance, 

Circles  (diam.) 

Squares  (side) 

centi- 
meters 

2  cm. 

6 

4  cm. 

S 

I  cm. 

S 

2  cm.      4  cm. 

a           a 

0.5 

0. 196 

0.054 

0.462 

0.178 

0.050 

1 .0 

0.504 

0.  196 

0.761 

0.462 

0.178 

2.0 

0.781 

0.504 

0.925 

0.761 

0.462 

3.0 

0.889 

0  692 

0.963 

0.872 

0.654 

2.   Filter  0.5  mm.  Brass 

and  1.2  mm.  Rubber 

Distance, 

Circles  (diam.) 

Squares  (side) 

centi- 
meters 

2  cm. 
S 

4  cm. 

a 

I  cm. 

a 

2  cm. 

a 

4  cm. 

a 

I  0 

0.495 

0.223 

0.752 

0.460 

0.210 

2,0 

0.788 

0.495 

0.905 

0.752 

0.460 

3.0 

0.877 

0.685 

0.953 

0.860 

0  660 

3.   Filter  2.0  mm 

.  Brass  and 

2.4  mm.  Ru 

bber 

Circles  (diam.) 

Squares  (side) 

Rectangles 

*  Distance, 

1  centimeters 

2  cm. 

4  cm. 

2  cm. 

4  cm. 

6  cm. 

4X6  cm. 

6X9  cm. 

8  X  12  cm. 

i 

a 

5 

6 

a 

a 

a 

a 

a 

2.0 

0.887 

0.685 

0.840 

0.635 

0.478 

0.552 

0.388 

0.283 

30 

0.947 

0.827 

0.936 

0.775 

0.635 

0.719 

0.552 

0.430 

4.0 

0.970 

0.887 

0.955 

0.840 

0.711 

0.808 

0.668 

0.552 

5.0 

0.980 

0.927 

0.973 

0.898 

0.800 

0.863 

0.755 

0.639 

6.0 

0.986 

0.947 

0.979 

0.936 

0.840 

0.901 

0.808 

0.719 

7-5 

0.992 

0.966 

0.986 

0.951 

0.898 

0.937 

0.863 

0.790 

10.0 

1 .000 

0.980 

0.990 

0.973 

0.939 

0.962 

0.919 

0.863 

ROENTGEN  THERAPY  IN  THE  TREATMENT  OF 

NASAL  POLYPI* 

BY    JAMES    G.    WARE,    M.D. 

SANTA    BARBARA,    CALIFORNIA 


DURING  the  past  two  years,  I  have  had 
the  opportunity  of  treating  i6  cases 
of  nasal  polypi  by  roentgen  therapy. 
The  results  have  been  so  favorable  that  I 
felt  sure  the  report  of  a  few  cases  might  be 
of  interest,  not  onh^  to  those  specializing  in 
.v-ray  work,  but  to  the  members  of  the 
profession  in  general. 

Under  certain  conditions,  purulent  sinus 
inflammations  will  give  rise  to  the  forma- 
tion of  myxomata  or  edematous  nasal 
polypi.  They  are  usually  associated  with 
inflammatory  changes  in  the  sphenoid 
cells;  less  commonly  with  the  ethmoids 
and  maxillary  antra.  They  usually  spring 
from  the  sphenoidal  ostium  or  the  ostium 
maxillare,  and  occasionally  from  the  mid- 
dle turbinate  or  ethmoids.  On  rare  occa- 
sions one  may  be  observed  attached  to  the 
nasal  septum.  They  are  rarely  seen  in 
persons  under  the  age  of  puberty. 

Nasal  polypi  are  usually  fibromyxomata, 
being  composed  of  edematous  mucous 
membrane,  containing  the  usual  inflamma- 
tory products.  A  covering  of  epithelium 
surrounds  the  sac  and  is  supplied  by  a  few 
blood-vessels  and  ner\'e  filaments.  They 
may  be  single,  multiple,  pedunculated  or 
sessile.  They  may  be  large  enough  to  fill 
the  entire  nasal  chamber,  or  extremely 
small,  appearing  like  a  cluster  of  minute 
grapes. 

The  patient  usually  complains  of  nasal 
obstruction  and  watery  discharge,  or  may 
have  occasional  attacks  of  acute  rhinitis. 
Headaches,  asthma  and  attacks  of  sneezing 
are  not  uncommon.  The  quality  of  the 
voice  is  changed,  due  to  the  obstruction  of 
the  nasal  passage. 

Surgical  intervention  is  not  always  suc- 
cessful, the  polypi  recurring  times  without 
number. 

The  treatment  of  polypi  by  roentgen 
rays  follows  closely  the  technique  employed 
first  by  Witherbee  in  the  treatment  of 
tonsils.  The  following  factors  are  used: 
3  mm.  of  aluminum;  8-in.  sp.  gap;  5  ma.; 
lo-in.   distance;   four  min.   to   each  side. 


Four  to  six  treatments  at  one-week 
intervals.  Rays  are  directed  over  the  nose 
and  up  into  the  posterior  sinuses,  through 
an  opening  in  a  sheet  of  lead  foil,  approxi- 
mately 2J2  in.  in  diameter.  The  head  is 
slightly  turned  to  one  side  as  each  dose  of 
four  minutes'  duration  is  given. 

It  is  always  ad\isable  to  make  an  .v-ray 
examination  of  the  antra  before  beginnmg 
treatment.  Not  infrequently  nasal  polypi 
will  be  associated  with  multiple  polypi  of 
the  maxillary  antra,  the  plates  showing  a 
marked  density  of  these  sinuses.  Treatment 
of  the  nasal  polypi  alone  will  give  very  little 
relief.  My  experience  leads  me  to  believe 
that  if  the  polypoid  growths  in  the  antra 
are  surgically  removed,  followed  by  .x-ray 
treatment,  excellent  results  will  be  obtained. 

Case  I.  Female,  aged  forty.  States 
that  for  the  past  ten  years  she  has  had 
multiple  polypi  removed  from  both  nares 
on  several  occasions.  She  has  had  periodic 
nasal  discharge,  associated  with  headaches, 
and  general  feeling  of  malaise.  Both  sides 
of  the  nose  are  partially  obstructed  at  this 
time  by  similar  growths.  Patient  was 
given  two  doses  of  .v-rays,  one  week 
apart.  There  was  a  rapid  shrinking  of  the 
polypi.  Patient  states  that  discharge  has 
practically  stopped  and  that  she  can  breath 
without  difliculty  through  the  nose. 

Case  II.  Male,  aged  thirty-nine.  Four 
years  ago  had  an  infection  of  all  the  acces- 
sory nasal  sinuses.  Following  that  time  has 
had  persistent  nasal  discharge.  Discharge 
suddenly  stopped  and  patient  began  to 
complain  of  headaches  and  difficulty  in 
breathing  through  nose.  Large  polyp 
formed  on  left  side.  Smaller  ones  were 
found  in  right  nares,  apparently  attached 
to  ostium  of  sphenoid.  Were  surgically 
removed.  Discharge  increased  and  head- 
aches stopped.  Within  six  months  symp- 
toms began  to  reappear,  and  polypi 
reformed.  Again  they  were  surgically 
removed.  The  following  year  his  symptoms 
were  worse  than  at  any  previous  time. 
Examination  showed  large  polyp  in   left 
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nostril,  and  multiple  small  ones  in  the 
right.  Was  given  four  doses  of  x-rays  at 
one-week  interval,  and  condition  began  to 
impro\e  immediatelv.  Polypi  have  entirely 
disappeared  and  he  has  had  no  recurrence 
of  symptoms. 

Case  III.     Female,  aged  forty-five.  Re- 
ferred for  x-rav  examination  of  teeth.  In 
making  these  films,  I  observed  that  patient 
was  breathing  entirely  through  the  mouth. 
Closer   observation   showed   that   a   large 
polyp  filled  the  entire  left  nostril,  and  was 
almost  protruding.  The  right  side  showed 
no  evidence  of  polvpi,  but  the  turbinates 
were   greatlv   thickened    and   the   septum 
deflected  to"  the  right.  When  asked  if  she 
would  allow  me  to  treat  this  condition  in 
order  that  I  might  follow  up  my  work  in 
this  line,  she  informed  me  that  she  had  had 
them  surgically  removed  on  several  occa- 
sions, but  that  they  had  always  recurred, 
and  that  now  she  was  taking  up  Christian 
Science.  I  told  her  that  I  hoped  she  would 
improve  under  this  form  of  treatment,  but 
that  if  she  wanted  to  come  back  at  any 
time  for  treatment  1  would  be  glad  to  do 
what  I  could  for  her,  purely  from  an  experi- 
mental standpoint.   She  returned  m  two 
months,  unimproved.  Four  doses  of  x-rays 
were    given.     Improvement    was    almost 
immediate.  The  polyp  disappeared  and  the 
congestion  of  the  turbinates  on  the  oppo- 


site side  lessened.  I  advised  her  to  consult  a 
specialist  to  have  the  septum  corrected,  but 
she  preferred  to  leave  "  well  enough    alone. 
Case   IV.     Male,   aged   fifty-two.    Pre- 
sented himself  as  an  experimental  subject. 
Has  been  troubled  for  eleven  years  with 
chronic  sinus  infection,  involving  the  eth- 
moies  and  sphenoids,  associated  with  the 
formation  of  multiple  small  polypi  in  the 
upper  nasal  chamber.  Had  been  operated 
on   several   times   with   temporary   relief. 
Examination  showed  the  presence  ot  multi- 
ple minute  clusters  of  polypi  high  up  in  the 
nasal  cavity  of  both- sides.  Patient  was  given 
three    doses    of   x-ravs    one    week  apart. 
Relief    was    rapid.    The    discharge    was 
markedly  increased  after  the  first  dose,  but 
began  to  subside  rapidly.  His  headaches 
disappeared,   and  his  general  health  was 
crreatly    improved.    There    has    been    no 
recurrence  up  to  this  time,  after  a  period  ot 
eight  months. 

The  remaining  cases  were  all  ot  the  same 
type.  Four  treatments,  one  week  apart, 
are  usually  sufficient,  but  as  manv  as 
six  have  been  given.  Several  cases  have 
been  lost  track  of,  but  it  seems  probable 
from  those  that  can  be  observed,  that  all 
will  undoubtedly  obtain  considerable  re- 
lief. It  is  too  earlv  to  predicate  the  tina 
outcome,  but  we  hope  that  the  results  will 
be  permanent. 
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HOME-MADE  X-RAY 
NOSIS 


DIAG- 


So  much  has  been  said  and  written  in  the 
past  few  years  about  the  benefits  and  evils 
of  specialization  in  medicine  that  one  is 
apt  to  take  it  for  o;ranted  that  the  entire 
trend  of  medical  thought  and  action  has 
been  in  the  direction  of  closer  limitation  of 
the  specialties,  with  even  further  subdivi- 
sion of  already  marked-off  special  fields. 
It  is  of  interest  therefore  to  detect  and 
comment  on  one  example  of  an  opposite 
tendency;  a  tendency  for  members  of 
various  special  groups  to  take  over  the 
functions  of  an  already  well-recognized 
and  well-established  special  medical  field. 

A  prominent  manufacturer  of  .v-ray 
equipment  advertised  not  long  since,  in 
effect,  that  -v-ray  equipment  is  now  as 
simple  to  operate  as  a  typewriter  and 
quite  as  necessary  to  the  ofiice  of  the 
modern  physician.  The  invention  of  the 
Coolidge  x-ray  tube,  an  entirely  reliable 
and  dependable  source  of  .v-rays  which 
has  supplanted  the  temperamental  gas 
tube  of  former  days,  and  the  post-war 
simplification  of  -x-ray  apparatus  in  gen- 
eral have  indeed  removed  most  of  the 
mystery  and  complexity  from  the  tech- 
nical side  of  x-ray  work.  It  is  possibly 
quite  true  that  an  intelligent -person,  with 
the  general  education  and  the  special 
training  in  physics,  chemistry,  and  anat- 
omy which  every  well-trained  physician 
possesses,  could  learn  more  easily  to  make 
satisfactory  routine  roentgenograms  than 
to  type  a  neat  letter  in  a  reasonable  length 
of  time.  It  is  also  perhaps  in  the  nature  of 
things  to  be  expected  that  the  manu- 
facturer   of    equipment    should    not    see 


beyond  the  production  of  roentgenograms, 
since  he  is  not  concerned  with  better 
medicine,  nor  even,  directly,  with  better 
roentgenograms,  but  rather  with  more  of 
them. 

There  is,  however,  another  and  not  too 
obscure  goal  beyond  the  roentgenograms, 
and  that  goal  is  diagnosis.  If  the  aim  of 
roentgenography  is  diagnosis,  the  question 
becomes,  not  who  makes  the  roentgeno- 
gram, but  rather  who  interprets  it.  Roent- 
genologists have  for  years  voiced  earnest 
and  strenuous  objection  to  the  inter- 
pretation of  x-ray  findings  by  lay  techni- 
cians, and  not  by  any  means  entirely  for 
selfish  reasons,  but  rather  because  they 
felt  that  such  a  practice  had  a  tendency 
to  discredit  their  own  work  in  the  minds  of 
the  not  too  discriminating  members  of  the 
medical  public,  as  well  as  of  the  lay  public. 
The  very  ease  of  operation  of  piesent-day 
small  roentgen  equipment  begins  to  justify 
similar  criticism  of  what  may  perhaps  be 
called  the  medically-trained  x-ray  tech- 
nician, the  medical  man  who  feels  com- 
petent to  interpret  his  own  .v-ray  films 
because  he  has  purchased  an  x-ray 
machine. 

No  criticism  is  intended  of  the  man  so 
situated  that  he  must  perforce  be  his  own 
roentgenologist.  He  deserves  all  credit  for 
his  progressive  spirit  and  his  resource. 
Nor  is  it  intendecl  to  criticize  the  surgeon 
who  prefers  to  .x-ray  his  own  fracture  cases, 
and  who  has  had  a  sufficiently  wide  experi- 
ence to  feel  perfectly  capable  of  reading 
bone  films.  The  simplified  x-ray  equipment 
of  today  enables  both  these  classes  of 
medical  men  materially  to  improve  the 
quality  of  service  they  render  their  patients, 
and  that  is  after  all,  the  only  criterion  by 
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which  any  development  in  medicine  ought 
to  be  judged. 

In  another  and  perhaps  increasingly 
common  application,  the  wider  distribution 
of  x-ray  equipment  has  lowered  the  quality 
of  service  rendered  the  patient.  I  refer  to 
the  man  doing  a  large  practice  in  a  more 
or  less  speciaHzed  medical  field  in  an  urban 
community  with  no  dearth  of  trained 
roentgenologists,  who  for  his  con^■enience 
and  immediate  profit  elects  to  do  his  own 
x-ray  work.  It  is  easy  to  follow  the  train  of 
thought  which  leads  to  such  action.  The 
internist  or  the  orthopedist  or  the  surgeon 
finds  himself  increasingly  busy,  with  more 
and  more  demands  on  his  time,  and  per- 
haps on  his  pocketbook.  The  unavoidable 
delay  and  loss  of  time  incurred  in  sending 
patients  for  examination  even  to  a  neigh- 
boring roentgenologist  becomes  increas- 
ingly irksome.  It  strikes  him  that  he  is 
sending  out  an  average  of  three  or  four 
cases  a  day.  He  has  been  in  the  habit  of 
viewing  x-ray  films  with  his  roentgenologist 
for  years,  and  feels  that  he  has  picked  up 
enough  knowledge  of  interpretation.  It  is 
pointed  out  to  him  that  the  apparatus 
necessary  to  make  his  own  plates  would 
not  take  up  a  great  deal  of  room,  that  a 
convenient  closet  can  be  made  into  a  dark 
room,  that  his  office  nurse  can  be  taught 
technique,  and  that  the  equipment  "will 
pay  for  itself"  in  six  months,  more  or  less. 
Looking  at  it  in  that  light  the  wonder  is 
that  every  man  in  large  practice  does  not 
install  his  own  roentgen  equipment.  And 
if  he  looked  on  medicine  solely  as  a  busi- 
ness, perhaps  he  would.  Certain  it  is  that 
this  line  of  reasoning  appeals  to  many  men 
who  otherwise  remain  strictly  within  the 
limits  of  their  special  field;  to  internists 
who,  for  instance,  would  not  think  of  doing 
their  own  tonsillectomies. 

Such  a  course,  attractive  as  it  may  seem, 
has  two  serious  pitfalls.  The  first  and  most 
obvious  is  that  the  internist  or  the  ortho- 
pedist or  the  surgeon  does  not  really  know 
enough  about  x-ray  interpretation  to  do 
justice  to  his  patients.  Those  examined 
by  him  are  .v-rayed,  but  they  are  not 
given  the  full  benefit  of  an  x-ray  examina- 
tion. Further,  this  situation  is  not  one 
that  is  apt  to  im]5ro\e  materially  since, 
the   man    who    has    thus    taken    o\er   the 


functions  of  his  roentgenologist  is  almost 
certainly  too  busy  with  his  regular  and 
proper  work  really  to  learn  roentgen 
interpretation.  Such  a  course  would  imply 
a  willingness  and  an  ability  to  take  his 
mind  and  his  time  away  from  the  work  to 
which  he  has  devoted  years  of  thought,  and 
focus  his  attention  on  another  and  alien 
specialty. 

However,  granting  this  adequate  and 
unusual  knowledge  of  roentgen  interpreta- 
tion, home-made  x-ray  diagnosis  is  danger- 
ous in  another  and  more  subtle  way. 
However  well  we  may  have  been  taught 
to  maintain  an  open  mind  during  the 
progress  of  an  examination,  however  often 
we  may  have  been  warned  not  to  make  a 
snap-shot  diagnosis  and  then  seek  to 
confirm  it  by  further  examination,  it  is 
almost  impossible  for  the  clinician  to  avoid 
forming  a  definite  opinion  from  the  history 
and  the  physical  examination,  and  it  is 
more  than  human  for  him  not  to  hope  that 
other  and  later  evidence  will  tend  to 
support  him  in  his  guess.  An  x-ray  examina- 
tion, in  any  obscure  condition,  to  be  of 
real  value,  should  be  a  roentgen  consulta- 
tion, and  should  have  all  the  scope  and  all 
the  honesty  of  any  other  consultation.  If  it 
is  allowed  to  become  either  a  conscious  or 
an  unconscious  effort  to  confirm  a  clinical 
impression,  it  has  already  lost  much  of  its 
value.  The  suggestion  that  such  molding 
of  .v-ray  findings  to  accord  with  the  clinical 

Eicture  is  of  frequent  occurrence,  does  not 
y  any  means  imply  a  lack  either  of 
honesty  or  ability  on  the  part  of  the  inter- 
preter. It  is  obvious  that  this  will  not 
occur  in  cases  where  the  x-ray  evidence 
is  clear-cut  and  convincing  and  of  a  positive 
character.  The  shadow  of  a  kidney  stone, 
for  instance,  or  of  a  group  of  gall-stones 
when  clearly  shown,  and  pro\ed  to  be  such, 
admits  of  no  misinterpretation.  Similarly, 
advanced  tuberculosis,  fluid  in  the  chest, 
and  advanced  bone  pathology  all  gi\e 
clear-cut  x-ray  indications  too  frank  to  be 
disregarded  or  greatly  distorted  by  any 
one  trained  in  roentgen  interpretation. 
The  temptation  to  pervert  the  evidence, 
or  rather  to  allow  the  clinical  bias  to  play  a 
part  in  dictating  the  interpretation  of  x-ray 
findings  occurs  only  in  the  border-line 
conditions     where     men    niiuht     honestlv 
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differ  as   to  the  interpretation  to  be  put  REDUCED   RATES 

upon  a  film  or  a  fluoroscopic  examination. 

Frequent  examples  are  earlv  lung  changes,  ^  ^e  attention  of  roentgenologists  living 

gall-bladders  which  are  capable  of  .v-rav  o"   the   Pacific   Coast  is   directed   to  the 

demonstration    but    which   do    not    show  following  letter  from  the  Chairman  of  the 

stones,  early  joint  and  spinal  disease,  and  Trans-Continental  Passenger  Association: 

minor  changes  in  sinus  densities.  In  each  Dr.  A.  C.  Christie,  Business  Manager, 

of  these  instances,  if  the  clinician  makes  his  American    Roentgen    Ray   Society, 

own  .v-ray  examination  he  is  rather  prone  to  Washington,  D.  C. 

bend  the  interpretation  to  fit  his  clinical  Dear  Sir: 

impression,     and    then,     possibly    in    all  Referring  to  the  question  of  excursion 

honesty,  to  say  that  the  clinical  diagnosis  fares   from    Pacific   Coast   states   for   the 

was  confirmed  by  .v-ray  examination.  How  next  meeting  of  the  American  Roentgen 

ridiculous   and   how   unfortunate   for   the  Ray  Society,  Chicago,  Illinois,  September 

patient.  18-21,  1923: 

Another  and  perhaps  the  most  common  The  question  of  fares  for  delegates  from 

field  for  this  unfortunate  type  of  interpreta-  Pacific  Coast  to  conventions  and  meetings 

tion  is  the  roentgen  surveys  of  the  gastro-  to  be  held  in  eastern  territorv  between  the 

intestinal  tract.  Here  much  of  the  evidence  latter   part   of  May   and   the   middle   of 

is  necessarily  indirect,   and  when  so,   its  September,  1923,  has  been  given  considera- 

value  depends  almost  entirely  upon  the  tion  and  it  has  been  definitelv  determined 

experience  and  ability  of  the  roentgenolo-  to  authorize  the  sale  of  summer  excursion 

gist.  If  he  is  to  arrive  at  true  conclusions  tickets  at  fares  slightly  higher  than  the 

it  is  highly  desirable  that  he  conduct  his  one-way  fare  for  the  round  trip, 

examination    without    any    clinical    bias  The  fares  which  will  apply  from  principal 

whatever.    If,   when   he   has   finished,   his  points  are  as  follows: 

report  confirms  the  impression  gained  from  ^    p,  • 

the  history  and  the  physical  and  laboratory  t-     ^   c"      t-        ■       /-^  i-e          mo^ 

findings,  well  and  good;  the  case* is  made  ^^"^  ^an  Francisco  Calif.  ...    $86.00 

so  much  stronger.  If,  on  the  other  hand,  it  ^os  Angeles   Cahf               86.00 

quite  fails  to  accord  with  these  impressions,  ^""^  Uiego  Calit 86 .  00 

this  disagreement  should  give  the  clinician  Portland   Oregon                86.00 

pause;  should  lead  him  to  scrutinize  with  beattle,  VVash. 86.00 

due  care  his  own  findings  to  see  whether  Spokane,  \\  ash 81 .00 

they    justify    him    in    disregarding    the  Tacoma,  Wash^                 86.00 

roentgen  evidence.  Vancouver,  B.  C                 86.00 

If  the  x-ray  examination,  then,  is  to  be  Victoria,  B.C.........      86 .  00 

anything  more  than  a  gesture,  if  its  object  Fares  shown  herein  are  subject  to  change 

is  really  to  throw  additional  light  upon  the  without  notice. 

obscure  and  difiicult  case,   if  it  is  to  do  The  summer  excursion  tickets  will   be 

something  more  than  impress  the  patient  on  sale  May  15  to  September  15,  inclusive, 

with    the    completeness    of   the    doctor's  limited   for  return   to  October  31,    1923. 

equipment,  it  seems  highly  desirable  that  Stop-overs  will  be  permitted  at  all  points 

it  should   be,   at  least  in   all  except  the  on  the  going  and  return  trip, 

simplest  cases,  truly  a  roentgen  consulta-  Summer   excursion   fares   and   arrange- 

tion  conducted  by  a  competent  specialist  ments  will  be  available  to  delegates  and 

who  devotes  his  entire  attention  to  roent-  visitors  attending  your  convention, 

genology,  and  who  has  the  courage  and  Attention   is   invited   to   the   fact   that 

ability    to    give    a    worth-while    opinion  these    fares   are   lower   than   the   general 

based    upon    x-ray    evidence    alone,    and  convention    basis    and    should    encourage 

not   biased    either    consciously  or  uncon-  and  stimulate  travel  to  your  convention 

sciously  by  laboratory  or  clinical  factors.  as  well  as  general  travel. 

Charles  D.  Enfield.  It   is   recommended   that   delegates   to 

Louisville,  Ky.  your  convention   confer  with  their  home 
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ticket  agents  who  will  be  able  to  gl\e  them 
more  detailed  information  regarding  fares, 
routes,  attractions,  etc. 

In  addition  to  the  above  letter,  further 
announcement  Is  as  follows: 

To  all  parts  of  the  United  States  and 
Canada,  except  the  Pacific  Coast  States, 
a  reduction  of  one  and  one-half  fare  on 
the  "Certificate  Plan"  will  apply  for 
members  attending  the  meeting  of  the 
American  Roentgen  Ray  Society  to  be 
held  at  the  Congress  Hotel,  Chicago, 
Illinois,  September  18-21,  1923,  and  also 
for  dependent  members  of  their  families. 

The  following  directions  are  published 
for  the  guidance  of  members  who  wish 
to  obtain  the  reduced  rates: 

1.  Tickets  at  the  regular  one-way  tariff 
fare  for  the  going  journey  may  be  obtained 
on  any  of  the  following  dates  (but  not  on 
any  other  date):  September  14-20.  Be 
sure  that,  when  purchasing  your  going 
ticket,  you  request  a  CERTIFICATE. 
Do  not  make  the  mistake  oj  asking  for  a 

receipt. 

2.  Present  yourself  at  the  railroad  sta- 
tion for  ticket  and  certificate  at  least 
thirty  minutes  before  departure  of  train 
on  which  you  will  begin  your  journey. 

3.  Certificates  are  not  kept  at  all  stations. 
If  you  Inquire  at  your  home  station,  you 
can  ascertain  whether  certificates  and 
through  tickets  can  be  obtained  to  place 
of  meeting.  If  not  obtainable  at  your  home 
station,  the  agent  will  inform  you  at 
what  station  they  can  be  obtained.  You 
can  in  such  case  purchase  a  local  ticket  to 
the  station  which  has  certificates  In  stock, 
where  you  can  purchase  a  through  ticket 
and  at  the  same  time  ask  for  and  obtain 
a  certificate  to  the  place  of  meeting. 

4.  Immediately  on  your  arrival  at  the 
meeting  present  your  certificate  to  the 
endorsing  officer.  Dr.  A.  C.  Christie, 
Business  Manager,  as  the  reduced  fare 
for  the  return  journey  will  not  apply 
unless  you  are  properly  identified  as 
provided  for  by  the  certificate. 

5.  Arrangements  have  been  made  for 
validation  of  certificates  by  a  Special 
Agent  of  the  carriers  on  September  18-21 
if  the  required  minimum  of  250  certificates 
is  presented. 

6.  No   refund  of  fare  ivill  be  yyxade  on 


account  of  failure  to  obtain  a  proper  certifi- 
cate, nor  on  account  of  failure  to  have  the 
certificate  validated. 

7.  So  as  to  prevent  disappointment,  it 
must  be  understood  that  the  reduction  on 
the  return  journey  Is  not  guaranteed,  but 
is  contingent  on  an  attendance  of  not  less 
than  250  members  of  the  organization  at 
the  meeting  and  dependent  members  of 
their  families,  holding  regularly  Issued 
certificates  obtained  from  ticket  agents  at 
starting  points,  showing  payment  of  regu- 
lar one-way  tariff  fare  of  not  less  than  6j 
cents  on  going  journey. 

8.  If  the  necessary  minimum  of  250 
certificates  is  presented  to  the  Special 
Agent  as  above  explained,  and  your  certi- 
ficate is  duly  validated,  you  will  be  entitled 
up  to  and  including  September  25,  1923, 
to  a  return  ticket  via  the  same  route  over 
which  you  made  the  going  journey,  at  one- 
half  of  the  regular  one-way  tariff  fare 
from  the  place  of  the  meeting  to  the  point 
at  which  your  certificate  was  issued. 

9.  Return  ticket  Issued  at  the  reduced 
fare  will  not  be  good  on  any  limited  train 
on  which  such  reduced  fare  transportation 
is  not  honored. 

EXHIBIT  OF  FILMS  AND 
LANTERN  SLIDES 

The  Committee  on  Scientific  Exhibition 
for  the  Chicago  meeting  is  desirous  that  a 
very  large  film  and  lantern  slide  exhibit 
be  made  this  year,  and  hopes  that  mem- 
bers will  send  In  films  or  slides  of  their 
interesting  cases  together  with  complete 
histories.  The  space  available  Is  such  as 
to  make  the  exhibit  this  year  unusually 
attracti\e.  The  chairman  of  the  com- 
mittee is  Dr.  Edw.  S.  Blaine,  5  So.  Wabash 
Ave.,  Chicago,  111.  All  correspondence 
concerning  the  space  desired  should  be 
directed  to  him.  Films  should  be  shipped 
direct  to  the  Congress  Hotel,  marked 
in  care  of  the  Committee  on  Scientific 
Exhibition. 

Dr.  Hickey  also  requests  that  as  many 
members  as  are  able  should  send  in  films 
and  reports  covering  bone  sarcoma,  bone 
syphilis  or  Perthes'  disease.  These  should 
be  addressed  to  the  hotel  In  care  of 
Dr.  Hickev. 
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Richardson,  Edward  P.  Rclati\c  \alue  of 
surgery  and  roentgen  rays  in  tlie  treatment  of 
hyperthyroidism.  J.  Am.  M.  Assn.,  Mar.  24, 
1923,  Ixxx,  820. 

This  paper  is  a  combination  contribution 
from  the  surgical  service,  the  roentgen-ray 
department  and  the  medical  laboratories  of 
the  Massachusetts  General  Hospital.  The 
measures  yielding  the  best  results  in  hyper- 
thyroidism are  surgery  and  irradiation.  In 
the  Massachusetts  General  Hospital,  a  series 
of  cases  of  hyperthyroidism  treated  by  the 
roentgen  ray  was  begun  by  Holmes  in  1914. 
The  results  [of  the  treatment  were  reported 
by  Holmes  and  Merrill  in  1919.  From  the 
same  clinic,  Means  and  Aub,  using  the  basal 
metabolism  as  an  index  of  intoxication  in 
exophthalmic  goiter,  compared  the  effect  of 
treatmentiby  roentgen  ray  with  that  by  surgery. 
The  results  obtained  in  hyperthyroidism  by 
irradiation  with  the  roentgen  ray  were  felt 
by  the  committee  chosen  from  the  various 
services  to  direct  the  treatment  of  the  thyroid 
cases,  to  be  sufficiently  encouraging  to  justify 
a  continuation  of  this  form  of  treatment  in 
selected  cases.  At  the  same  time  the  com- 
mittee believes  that  roentgen-ray  treatment 
should  be  limited,  as  stated  by  Holmes  and 
Merrill,  to  cases  which  show  symptoms 
apparently  due  to  increased  function  of  the 
gland,  such  as  increased  metabolic  rate,  rapid 
heart  action,  nervousness,  loss  of  weight  and 
weakness.  Goiters  with  normal  or  reduced 
function,  requiring  treatment  for  deformity, 
pressure  on  adjacent  structures,  potential 
malignancy,  or  potential  hyperthyroidism, 
should  be  treated  by  surgery  and  not  by  roent- 
gen rays.  The  only  exception  to  this  is  in 
malignant  goiter  beyond  reasonable  hope  of 
benefit  from  operation.  Here  the  roentgen 
ray  has  an  important  role.  Beyond  this,  the 
roentgen  ray  is  not  a  treatment  for  goiter;  it 
is  a  treatment  for  hyperthyroidism. 

Aside  from  accurate  diagnosis  there  are 
certain  other  essential  conditions  without  which 
roentgen-ray  treatment  should  not  be  under- 
taken. The  first  is  adequate  modern  roentgen- 
ray  equipment,  with  ability  to  measure  dosage. 
The  second  is  means  of  estimating  the  degree 
of  benefit  obtained  by  determination  of  the 
basal  metabolism  as  well  as  by  clinical  observa- 
tion. Without  this,  a  slight  degree  of  persis- 
tent hyperthyroidism  demanding  further  treat- 
ment may  be  continued  when  there  is  danger 
of  myxedema.  The  third  is  careful  and  accurate 
clinical  supervision.  An  open  mind  should  be 
kept  in  regard  to  switching  to  surgical  treat- 
ment, if  improvement  is  not  rapid  and  complete. 


It  has  not  proved  possible  to  predict  the  effect 
of  the  roentgen  ray  in  any  given  case.  Means 
and  Holmes  are  unable  to  show  that  either  the 
age  of  the  patient  or  the  intensity  of  the  hyper- 
thyroidism, as  shown  by  the  level  of  the 
metabolism,  is  a  factor  determining  the  success 
or  lack  of  success  of  roentgen-ray  treatment. 
An  impression  that  recent  cases  in  young 
persons  were  more  responsive  to  the  treatment 
was  not  borne  out  by  their  statistical  study. 
There  are,  however,  certain  cases  in  which  the 
roentgen  raj'  seems  unsuitable.  Among  these 
are  adenoma  with  hyperthyroidism.  Here  the 
cause  of  the  symptoms  seems  to  be  within  the 
thjToid  gland,  and  not  only  is  it  logical  to 
remove  this  cause  surgically,  but  the  late 
results  of  operation  are  better  than  in  exoph- 
thalmic goiter.  If  the  roentgen  ray  is  used  in 
these  cases,  it  should  be  as  an  adjuvant  to  the 
etlect  of  preliminary  ligation  of  the  thyroid 
arteries. 

If  surgery  is  more  effective  in  the  average 
case,  why  should  the  roentgen  ray  be  used  at 
all?  Surgery  is  a  clumsy  form  of  treatment  for 
a  gland  that  is  hyperactive.  In  exophthalmic 
goiter,  the  ultimate  cause  of  the  disease  is 
unknown.  By  removing  part  of  the  gland  we  are 
not  aff'ecting  the  cause;  we  are  merely  removing 
part  of  a  gland  that  is  excited  to  hyperfunction. 
The  changes  accompanying  hj'perfunction  are 
still  present  in  the  part  of  the  gland  that  re- 
mains. The  amount  of  the  gland  left  to  main- 
tain thyroid  function  is  purely  a  guess  on  the 
part  of  the  operator.  When  surgery  can  safely 
accomplish  removal  of  a  proper  proportion  of 
the  gland,  it  has  reached  its  limit.  The  roent- 
gen ray,  on  the  other  hand,  while  also  acting 
as  a  destructive  physical  agent,  has  neverthe- 
less the  possibility  of  indefinite  expansion  as 
a  means  of  treatment.  Improvements  in 
technique  and  manner  of  application  may  lead 
to  results  as  yet  unobtained.  It  shows  sufficient 
promise  to  be  given  opportunity.  Certain 
minor  advantages  have  been  claimed  for 
roentgen-ray  treatment.  These  are  absence  of 
operative  scar,  sparing  the  patient  the  distress 
and  discomfort  of  going  through  operative 
procedures,  and  the  fact  that  hospitalization 
may  not  be  necessary.  Although  these  advan- 
tages loom  large  in  the  minds  of  patients,  hyper- 
thyroidism is  a  sufficiently  serious  condition 
in  its  immediate  and  remote  eff'ects  to  make 
these  advantages  deserving  of  slight  considera- 
tion in  advising  treatment. 

The  chief  advantage  of  the  roentgen  ray  is 
that  its  immediate  mortality  is  nil.  The  use 
of  the  roentgen  ray  in  the  Massachusetts 
General  Hospital  is  undoubtedly  influenced  by 
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the  fact  that  the  mortahty  in  the  cases  of 
hyperthyroidism  treated  surgically  since  the 
organization  of  the  thyroid  committee  has 
been  ".i  per  cent.  There  have  been  five  deaths 
among  70  patients,  in  some  of  whom  the  surgi- 
cal program  is  as  yet  incomplete.  The  surgical 
aspects  will  be  presented  later  in  detail.  While 
the  mortality  from  surgery  reported  from 
certain  large  clinics  is  small,  this  would  prob- 
ably not  be  true  of  small  series  and  isolated 
cases  compiled  throughout  the  country.  The 
stage  of  gaining  experience  in  this  condition  is 
likely  always  to  result  in  mortality.  It  must  be 
remembered  that  mortality  is  often  figured  from 
the  number  of  operations,  not  from  the  number 
of  patients  treated,  and  that  figures  may  com- 
bine toxic  and  nontoxic  cases. 

It  has  been  said  that  recommending  the 
roentgen  ray  has  done  harm.  It  is  also  true 
that  unqualifiedly  recommending  operation 
on  the  diagnosis  of  exophthalmic  goiter  may 
do  harm.  The  roentgen  ray  will  accomplish 
the  "cure"  of  a  certain  percentage  of  cases. 
In  others  it  will  bring  about  a  degree  of  improve- 
ment that  will  permit  of  safer  operation,  or 
make  unnecessary  some  of  the  preliminary 
operative  steps.  It  is  an  additional  weapon  in 
the  treatment  of  hyperthyroidism.  The  question 
is  how  and  when  to  use  it. 

Many  objections  have  been  raised  to  roent- 
gen-ray  treatment.  The  chief  of  these  is  the 
temporary  relief  afforded.  While  it  is  true  that 
in  certain  cases  there  is  a  tendency  for  the 
metabolism  to  rise  after  a  period  within 
normal  limits,  these  are  a  small  minority.  In 
these,  as  a  rule,  roentgen-ray  treatment 
results  in  a  second  drop,  to  the  normal  meta- 
bolic level.  On  the  whole,  the  results  in  cases 
brought  to  within  normal  metabolic  limits 
seem  satisfactory. 

A  second  objection  is  the  occurrence  of 
myxedema.  Means  and  Holmes  report  that 
since  the  beginning  of  the  roentgen-ray  treat- 
ment at  the  Massachusetts  General  Hospital, 
4  patients  have  developed  myxedema.  Two 
developed  it  within  the  first  four  months  of 
roentgen-ray  treatment.  In  both,  the  depres- 
sion of  metabolism  proved  temporary.  One 
patient  developed  myxedema  eighteen  months 
after  roentgen-ray  treatment;  another,  five 
years  after.  Whether  in  these  cases  there  is  any 
actual  connection  between  the  treatment  and 
the  myxedema  is  uncertain.  It  seems  that  the 
danger  of  myxedema  following  controlled 
roentgen-ray  treatment  is  more  tiian  balanced 
by  the  possibility  of  recurrent  laryngeal  nerve 
injury,  particularly  bilateral  abductor  paralysis, 
or  paratlu'roid  injury,  following  surgery. 

Another  objection  is  the  increased  difTiculty 
of  operation  following  the  use  of  the  roentgen 


ray.  The  cases  coming  to  operation  in  the 
Massachusetts  General  Hospital  after  roentgen- 
ray  treatment  have  been  treated  there.  They 
have  been  as  a  rule  exophthalmic  cases;  if 
toxic  adenomas,  the  goiter  has  been  small.  In 
these  cases  there  has  been  no  appreciable 
increase  in  difficulty  of  operation.  The  gland 
has  not  been  adherent  to  the  anterior  muscles. 
The  only  change  the  author  has  noted  has  been 
a  somewhat  firm  consistency  to  the  gland,  and 
possibly  a  slight  increase  in  fixation  posteriorly. 
The  increased  operative  difficulty  has  been  no 
more  than  that  after  preliminary  ligation. 

It  should  be  appreciated  that  there  is  no  less 
responsibility  in  advising  roentgen-raj^  treat- 
ment than  in  advising  operation.  The  ill 
effects  of  the  roentgen  ray  are  more  remote,  and 
require  more  imagination  to  grasp.  If  roentgen- 
ray  treatment  is  advised  at  all,  it  should  be 
with  the  clear  understanding  that  it  will  be 
tried  for  only  a  few  months;  that  relief  is 
uncertain;  that,  if  improvement  is  not  sufficient 
at  the  end  of  that  time,  operation  must  be 
undertaken.  The  patient  should  know  that 
operation  will  eventually  be  advisable  more 
often  than  not. 

Fontaine,    Bryce    W.    Pulmonary    fibrosis. 

J.  Am.  M.  Assn.,  Apr.  21,  1923,  Ixxx,  1 129. 

The  author  reports  a  case  of  fibrosis  of  the 
lung  in  a  woman,  aged  fifty-two,  complaining  of 
blood  spitting  which  had  continued  off  and  on 
for  fifteen  years.  Quantity  of  blood  had  varied 
from  a  teaspoonful  to  a  cupful.  In  May,  1918, 
the  patient  had  symptoms  suggesting  a  pleurisy 
in  the  right  base;  but  no  cough  nor  expectora- 
tion. Physical  signs  were  those  of  a  moderate- 
sized  effusion  in  the  right  chest;  but  needling 
gave  negative  results.  Three  months  later,  a 
roentgenogram  showed  consolidation  at  the 
right  base.  There  has  been  no  cough,  sputum 
or  recurrence  of  fever.  Roentgen  examination 
four  years  later  showed  the  heart  and  aorta 
normal,  the  left  lung  still  entirely  normal;  but 
in  the  right  lung,  an  extension  of  the  fibrosis 
had  involved  the  entire  right  side  with  the 
exception  of  the  extreme  tip  above  the  clavicle. 
There  was  a  compensatory  curve  of  the  thoracic 
spine  toward  the  affected  side.  The  physical 
signs  and  .v-ray  evidence  were  in  striking  con- 
trast to  the  excellent  appearance  and  physical 
condition  of  the  patient.  There  was  absolute 
evidence,  as  shown  by  .\-rays,  of  existence  of 
the  process  for  at  least  four  and  a  half  years. 
The  diagnosis  made  was  "diffuse  fibrosis, 
sclerosis  or  cirrhosis  of  the  lungs  developing 
as  a  sequel  to  pleurisy."  The  author  devotes 
considerable  space  to  a  discussion  of  the  differ- 
ential findings.  On  account  of  the  failure  of 
medical  measures  in  this  case,   roentgen  rav 
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treatment,  according  to  the  new  deep  therapy, 
was  instituted  with  absolutely  no  change  in  the 
appearance  of  the  lung  after  one  month.  How- 
ever, there  has  been  no  bleeding  for  six  weeks 
and  the  patient  has  suffered  no  ill  effect  from 
the  treatment. 

Osborne,  Sutherland,  Scholl,  and  Rown- 
TREE.  Roentgenography  of  urinary  tract 
during  excretion  of  sodium  iodid.  J.  Am.  M. 
Assn.,  Feb.  10,  1923,  Ixxx,  368. 
The  authors  describe  a  method  by  which  it  is 
possible  to  obtain  roentgenograms  of  the  uri- 
nary tract  during  the  excretion  of  sodium  iodid 
following  its  intravenous  or  oral  administra- 
tion. The  method  uniformly  gives  excellent  and 
accurate  shadows  of  the  urinary  bladder  and 
renders  reliable  information  relative  to  its 
size,  shape  and  location.  It  has  been  partially 
successful  in  depicting  the  renal  pelves  and  the 
ureters  in  a  limited  number  of  cases.  In  a 
number  of  cases  it  assists  in  revealing  the 
kidney  itself  through  intensifying  the  renal 
shadow.  It  has  been  proven  a  success  in  reveal- 
ing the  existence  of  residual  urine  in  the 
bladder  and  in  furnishing  approximate  informa- 
tion of  the  amount,  thus  eliminating  the  neces- 
sity of  catheterization  and  its  attendant 
dangers  of  infection.  Oral  administration  of  the 
drug  will  prove  satisfactory^  for  routine  use 
in  making  roentgenograms  of  the  bladder, 
while  for  shadows  of  the  ureters  and  kidneys 
intravenous  injection  of  large  doses  of  sodium 
iodid  is  desirable. 

Tees,  Frederick  J.  Anterior  dislocation  at  the 
elbow-joint.  Ann.  Surg.,  May,  1923,  Ixxvii, 
612. 

The  author  reports  one  of  the  rare  cases  of 
anterior  dislocation  at  the  elbow-joint.  Quot- 
ing from  Kronlein's  series  of  400  recent  trau- 
matic dislocations,  109,  or  27.2  per  cent, 
involved  the  elbow;  and  yet  if  in  all  the  cases  of 
anterior  dislocation  of  this  joint  thus  far 
reported  we  exclude  those  associated  with 
fracture  of  the  olecranon — which,  by  common 
consent,  should  not  be  regarded  primarily  as 
dislocations — the  total  number  does  not  exceed 
20.  The  author  then  reports  the  details  of  the 
case,  and  in  his  comment  remarks  that  after 
scrutiny  of  a  series  of  x-ray  plates  of  the  elbow- 
joint  in  children,  such  as  have  been  published 
in  a  recent  article  of  Cohn  on  the  developing 
elbow,  one  is  prepared,  from  the  apparent  lack 
of  security  in  attachment  of  the  main  lower 
epiphysis  of  the  humerus,  to  expect  frequent 
epiphyseal  separation  as  a  result  of  injury;  but 
the  relative  insignificance  of  the  olecranon  is 
equally  striking,  which,  it  might  be  thought, 
would  render  anterior  dislocations  of  common 


occurrence.  \'et  but  3  of  13  cases  of  Stimson's 
series  in  which  the  age  is  stated  occurred  in 
children  under  fourteen  years  of  age.  The 
explanation  of  this  extreme  raritj'  seems  to  lie 
in  the  strength  of  the  ligaments  rather  than  in 
the  contour  of  the  bones.  The  ligaments,  even 
in  children,  must  be  sufficiently  strong  to  resist 
a  dislocating  force  from  above  and  behind  (such 
as  occurs  in  falls  on  the  flexed  elbow),  and 
ehnce,  as  a  result  of  this  form  of  trauma,  there 
is  ordinarily  produced  not  a  dislocation  but  a 
separated  epiphysis  or  a  supracondylar  fracture. 

Deming,  Clyde  Leroy.     Congenital  sarcoma 
of  kidney  in  a  child  of  twenty-nine  daj-s. 
J.  Am.  M.  Assn.,  Mar.  31,  1923,  Ixxx,  903. 
The  author  reports  in  detail  this  very  inter- 
esting  case   which    emphasizes    the    value    of 
complete  cystoscopic  examination  in  children; 
the  fact  that  urograms  are  just  as  essential  in 
the  examination  of  infants  as  in  that  of  adults; 
and  that  local   anesthesia  may  be  emploj^ed 
effectiveh'  in  infants. 

Zaauer,  J.  H.  Cardiospasm  in  the  aged. 
Ann.  Surg.,  May,  1923,  Ixxvii,  615. 

Cardiospasm  is,  as  a  rule,  most  frequently 
encountered  in  youth  or  middle  age.  When, 
however,  elderly  people  begin  to  show  symp- 
toms of  interference  with  deglutition,  ap- 
parently due  to  some  narrowing  of  the  esoph- 
agus, one  is  more  inclined  to  consider  the 
condition  carcinomatous  and  without  making 
an  exhaustive  examination  allow  these  patients 
to  starve  gradually,  appreciating  the  fact  that 
radical  therapy  is  of  very  little  effect  and  that  a 
gastrostomy  merely  prolongs  for  a  short  time 
a  life  of  suffering.  This  danger  is  illustrated  in  2 
cases  which  the  author  cites  in  detail,  one  at 
the  age  of  fifty-eight  and  the  other  at  the  age  of 
sixtj'-five.  He  shows  that  one  should  be  careful 
not  to  make  a  diagnosis  of  carcinoma  of  the 
esophagus,  however  probable  it  may  be, 
merely  on  account  of  the  age  of  the  patient, 
thus  allowing  him  to  suffer  unnecessarily  from 
the  lack  of  treatment  which  would  make  him 
entirely  comfortable.  The  first  case  shows  how 
completely  recovery  can  be  obtained  in  a 
case  of  cardiospasm  from  stomach-tube  feeding 
and  the  ultimate  restoration  of  the  esophagus 
obtained,  as  demonstrated  roentgenologicalh'. 
This  case  apparently  negatives  the  argument 
that  cardiospasm  follows  a  primary  mega- 
esophagus.  It  is  the  author's  custom  to  consider 
operative  intervention  as  a  last  resort. 

Stephens,  Richmond.  Fracture  of  the  spine 
of  the  tibia.  J.  Am.  M.  Assn.,  Mar.  31,  1923, 
Ixxx,  905. 

The  condition  is  one  of  rather  extrerne  rarity 
and  it  is  difficult  to  find  very  much  literature 
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on  the  subject.  Probably  tlie  injury  occurs  more 
frequently  than  the  records  would  indicate, 
however.  This  injury  is  due  to  a  severe  trauma- 
tism, usually  of  the  twisting  variety.  Rupture 
of  the  crucial  ligaments  is  a  frequently  asso- 
ciated lesion,  and  is  probably  due  to  pull  by 
these  ligaments.  Diagnosis  is  difficult  without 
the  roentgen  ray.  Conservative  treatment  is 
usually  successful  in  recent  cases,  and  occasion- 
ally in  old  cases.  In  old  cases  particularly 
with  blocking  of  extension,  operation  is  indi- 
cated. Operation  through  a  split-patella 
incision  is  the  best,  and  removal  of  the  offend- 
ing fragments  is  very  easy.  The  final  results 
are  excellent  in  all  cases;  for,  if  the  conserva- 
tive treatment  does  not  give  a  perfect  recovery, 
operation  will  accomplish  this  end. 

NuTTALL,  H.  C.  Wardlew'Orth.  Tubercu- 
losis  of  the  sacroiliac  joint.  Lancet,  Apr.  28, 
1923,  cciv,  839. 

After  discussing  the  anatomy,  pathology, 
symptoms  and  signs  the  author  devotes  sec- 
tions to  diagnosis,  prognosis  and  treatment. 
Under  diagnosis  he  states  that  in  the  early 
stage  before  abscess  formation  the  most  reli- 
able sign  is  the  presence  of  tenderness  on  direct 
pressure  over  the  joint.  Patients  frequently 
complain  of  pain  over  the  joint  in  sciatic 
neuritis  or  other  conditions,  but  as  a  rule  true 
tenderness  is  absent.  In  discussing  the 
pathology,  it  has  been  seen  that  the  infection 
is  primarily  in  the  bone,  and  one  would  expect 
that  a  roentgenogram  would  show  some  change 
in  the  shadow.  This  must  depend  on  destructive 
bone  changes,  which  probably  take  one  or  two 
months  to  develop.  Roentgen  examination, 
therefore,  is  a  valuable  confirmatory  test,  and 
should  be  repeated  after  an  interval  in  a 
suspected  case.  The  other  symptoms  and  signs 
are  commonly  present  in  other  diseases  and 
appear  more  likely  to  mislead  than  to  aid  in 
diagnosis.  In  the  later  stage  after  the  formation 
of  an  abscess,  the  presence  of  a  fluctuating 
swelling,  together  with  the  tenderness  over  the 
joint,  and  the  .\-ray  appearance,  renders  the 
diagnosis  a  simpler  matter.  The  abscess  may 
point,  however,  at  a  considerable  distance  from 
the  joint. 

In  the  differential  diagnosis  the  acute  infec- 
tions (pyogenic  or  gonorrheal),  osteoarthritis 
and  sprain  are  the  most  important.  The  chief 
distinguishing  characters  are  the  acute  onset, 
pyrexia  and  more  rapid  course  of  the  infective 
conditions,  the  likelihood  of  other  joints  being 
affected,  the  history,  and  the  A-ray  appear- 
ances. Clinically  it  is  impossible  to  distinguish 
between  early  tuberculosis  and  sacroiliac 
sprain  or  relaxation,  but  the  latter  speedily 


recovers  with  rest  and  strapping  of  the  pelvis; 
the  roentgenogram  is  negative. 

Another  difficulty  in  differentiation  concerns 
affections  of  the  neighboring  bones  and  joints 
such  as  tuberculosis  of  the  hip  or  spine,  scolio- 
sis, chronic  sprain  of  the  back,  sarcoma  of  the 
ilium  or  the  sacrum;  and  malformation  of  the 
fifth  lumbar  transverse  process  may  be 
excluded  by  careful  examination  and  the 
roentgenographic  appearances.  For  instance, 
in  hip  disease  limitation  of  movement  is  quite 
definite  in  all  directions;  in  sacroiliac  disease 
gentle  examination  shows  that  movement  at 
the  hip-joint  is  painless  in  one  or  other  direc- 
tion. The  same  remark  applies  to  the  spine. 
A  roentgenogram  will  show  growths  of  the 
bones  or  periostitis  of  the  fifth  lumbar  trans- 
verse process  in  cases  where  it  impinges  on  the 
crest  of  the  ilium.  Further  differentiation  may 
be  required  between  affections  of  nerves  includ- 
ing true  sciatic  neuritis  and  other  affections 
such  as  growths  in  the  pelvis,  ovarian  or  uterine 
disease  or  appendicitis. 

Bearse,  Carl.  Osteomj-elitis  of  the  ilium 
in  children.  J.  Am.  M.  Assii.,  Apr.  7,  1923, 
Ix.xx,  991. 

When  osteomyelitis  of  the  ilium  occurs  in 
children,  it  is  a  particularly  serious  condition, 
because  the  diagnosis  at  first  may  be  difficult. 
Since  immediate  prognosis,  prevention  of 
complications  and  shortening  of  convalescence 
depend  on  early  treatment,  early  diagnosis  is 
essential.  This  condition  should  always  be 
borne  in  mind  in  a  case  of  painful  hip  that 
permits  motion.  The  local  symptoms  are  often 
referred  to  the  hip-joint,  and  not  to  the  ilium. 
The  important  factor  in  diagnosis  is  tenderness 
over  the  ilium,  without  restriction  of  motion 
at  the  hip-joint.  The  roentgen  ray  is  at  first  of 
no  help,  but  later  of  decided  aid.  The  author 
cites  4  cases. 

Summers,  John  E.  Transposition  of  viscera 
(situs  viscerum  transversus) .  Report  of  a 
case  without  transposition  of  the  usual 
abdominal  reflex.  Nebraska  M.  J.,  Apr.,  1923, 
viii,  117. 

The  author  reports  another  case  of  trans- 
position of  the  viscera  in  which  there  was  no 
transposition  of  the  usual  abdominal  reflex. 
No  attempt  is  made  to  review  the  literature, 
the  author  citing  the  exhaustive  article  of  James 
Rae  Arneil  which  appeared  in  the  Awifnca?! 
Journal  of  Medical  Sciefices,  1902,  p.  885,  as 
being  the  most  exhaustive  article  on  the  sub- 
ject which  he  could  find.  The  author  rehearses 
4  cases  \\  hich  were  described  to  him  from  the 
Mayo  Clinic  and  adds  a  5th  case. 
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Krida,  Arthur.  Secondary  os  calcis.  J.  Am.  M. 
Assn.,  Mar.  17,  1923,  Ixxx,  752. 

The  author  reports  what  he  believes  to  be 
the  first  case  in  the  literature  where  a  secondary 
OS  calcis  was  implicated  in  a  traumatism  of 
the  foot.  He  cites  the  work  of  Dwight  as  offer- 
ing the  most  comprehensive  information  in 
American  literature  on  the  subject  of  accessory 
bones  of  the  foot.  In  the  great  number  of  dis- 
sections that  Dwight  made,  he  apparently  found 
only  two  examples  of  a  separate  bone  in  this 
situation.  From  the  chnical  standpoint,  the 
separate  ossicle  described  by  Pfitzner  may  be 
accepted  as  the  typical  secondary  os  calcis. 
Its  occurrence  in  2  per  cent  of  his  large  series  of 
dissections  need  not  lead  to  the  expectation 
of  finding  it  frequently  in  routine  roentgeno- 
grams of  the  foot,  as  the  smaller  and  less  well- 
developed  specimens  might  easily  escape 
demonstration.  It  would  seem  that  a  well- 
developed  secondary  os  calcis,  acting  like  a 
wedge  in  a  series  of  complicated  movements  in 
the  middle  of  the  tarsus,  would  be  peculiarly 
liable  to  avulsion  or  displacement. 

Hess,  Alfred  F.,  and  Weinstock,  Mildred. 

A  study  of  light  waves  in  their  relation  to 

rickets.  J.  Am.  M.  Assn.  Mar.  10,  1923,  Ixxx, 

687. 

The  authors  undertook  a  series  of  experi- 
ments which  seem  to  indicate  that  in  order  to 
be  of  value  in  rickets,  ultraviolet  waves  must 
have  a  wave-length  not  longer  than  302  or 
possibly  313  millimicrons.  This  renders  light 
that  has  passed  through  ordinary  window  glass 
of  no  therapeutic  value  in  this  disorder. 
The  shortest  waves  of  sunlight  that  reach  the 
surface  of  the  earth  are  about  290  millimicrons, 
and  vary  greatly  in  intensity  according  to  the 
time  of  the  day  and  the  season  of  the  year. 
Indeed,  when  the  atmosphere  is  heavy  with 
moisture,  smoke  or  dust,  the  shortest  of  these 
waves  are  absorbed.  It  is  evident,  therefore,  that 
the  range  of  eflective  radiations  is  markedly 
circumscribed  by  nature,  and  further  limited 
by  meteorologic  conditions.  The  foregoing 
experiments  serv^e  to  emphasize  the  remarkable 
specificity  of  wave-lengths  of  light  in  relation 
to  rickets.  It  can  be  stated  with  confidence  that 
waves  324  millimicrons  in  length  have  little  or 
no  value  in  protecting  against  rickets,  and  that 
waves  of  302  millimicrons  are  of  great  value  in 
this  respect.  This  signifies  that  a  difference  of 
about  thirty  millionths  of  a  millimeter  in  wave- 
length suffices  to  render  ultraviolet  light  effec- 
tive or  ineffective.  The  experiments  with  cloth- 
ing material  indicate  that  the  rays  do  not  have 
to  impinge  directly  on  the  surface  of  the  skin. 
Clothing   must   be   regarded    as    other   filters 


which  screen  the  effective  rays,  namely,  accord- 
ing to  their  texture  or  thickness.  Furthermore, 
a  direct  quantitative  relationship  exists  be- 
tween the  nature  of  the  material  and  the  dura- 
tion of  exposure  to  sun's  rays  or  artificial 
sources  of  light.  Black  clothing  will  absorb 
more  of  the  effective  ultraviolet  raj's  than 
similar  white  material. 

The  spectrum  would  seem  to  contain  not 
only  rays  which  can  prevent  or  cure  rickets, 
but  also  longer  rays  which  are  able  to  neutralize 
or  inhibit  the  eftect  of  these  beneficent  radia- 
tions. This  phenomenon  points  to  the  need  and 
the  value  of  an  analysis  of  rays  employed  in 
heliotherapy  in  rickets,  tuberculosis,  and  other 
diseases.  It  would  seem  to  indicate  that  this 
valuable  therapeutic  agent  will  be  used  with 
the  employment  of  filters  to  absorb  radiations 
which  may  be  not  only  ineffective  but  counter- 
acting. 

Jafiot.  Contribution  to  the  radiographic 
study  of  the  causes  of  lumbar  arthritis. 
Lyon  med.,  1921,  cxxx,  1090. 

Lumbar  arthritis,  the  lumbar  localization 
of  ossifying  spondylosis,  with  lateral  exostoses 
in  the  shape  of  beaks  and  hooks,  is  at  present 
considered  very  unusual.  Japiot  has  himself 
found  20  cases  of  it. 

It  is  generally  admitted  that  the  cause  is 
rheumatic;  but  it  seems  to  him,  from  his  ob- 
servations, that  it  frequently  has  a  different 
origin. 

1.  It  can  be  traumatic.  The  author  published 
in  the  same  magazine  a  report  of  a  very  charac- 
teristic case  resulting  from  a  vertebral  com- 
paction. Since  then  he  has  seen  2  more  cases. 
Finally,  Professor  E.  Martin  has  collected  a 
remarkable  specimen  from  a  man  long  ago 
traumatized;  the  characteristic  exostoses  exist 
in  a  ladder  formation  along  a  large  portion 
of  the  spine,  and  clinical  observation  leaves 
no  doubt  as  to  the  relation  between  these 
deformations  and  the  accident. 

2.  It  can  be  tuberculous.  In  support  of  this 
opinion  Japiot  presents: 

Two  specimens  from  De  Gallois'  collection 
permitting  a  comparison  between  rheumatic 
spondylosis  and  that  connected  with  Pott's 
disease. 

A  series  of  photographs  sometimes  only 
allowing  tuberculosis  to  be  suspected  (compac- 
tion and  disappearance  of  a  vertebral  body) 
and  confirming  it  twice  (abscess  by  congestion). 

How  can  the  real  cause  of  lumbar  arthritis 
be  recognized?  Evidently  clinically  more  than 
otherwise.  It  seems  to  him,  in  addition,  that 
the  close  localization  of  the  process  upon  the 
body  favors  a  non-rheumatic  cause. 

One  can  easily  see  the  importance  of  these 
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facts  from  a  diagnostic  point  of  view  in  judging 
industrial  accidents  (traumatic  spondylosis), 
and  from  the  therapeutic  point  of  view 
(immobilization   of  tuberculous   spondyloses). 

Kelly,    Howard   A.    Radium  therapy,  with 

special  reference  to  diseases  of  the  female 

pelvis:  A  rejoinder.     Tberap.  Gaz.,  Nov.  15, 

1922,  xlvi,  761. 

Dr.  John  B.  Deaver,  in  the  Therapeutic 
Gazette  of  July  15,  1922,  published  an  article 
which  was  conspicuously  anti-radium.  This 
article  by  Dr.  Kelly  is  a  rejoinder.  He  does  not 
hesitate  to  state  that  Deaver  writes  on  a 
subject  about  which  he  appears  to  know  little 
and  that  little  evidently  from  hearsay.  Deaver's 
article,  however,  serves  to  exhibit  the  confusion 
of  the  average  general  professional  mind  on 
this  "comparatively  new,  very  special,  most 
promising,  and  tremendously  aggressive  form 
of  therapy." 

At  the  very  outset  Kelly  submits  that:  "It 
is  unfair  and  destructive  to  the  eager  expecta- 
tion of  our  sorely  afflicted  humanity,  ever 
straining  its  eyes  toward  the  horizon  in  hopes 
of  relief  from  some  of  the  diseases  with  \\hich 
it  is  afflicted,  to  w-rite  such  a  deprecatory  article 
on  so  valuable,  well-known  and  already  well- 
tried  an  agent  as  radium.  It  is  likewise  an 
unpardonable  omission  not  to  mention  with  a 
heart  overflowing  with  thankfulness  the  un- 
paralleled blessings  which  have  already  come 
to  so  many  thousand  suff"erers  through  this 
agent  in  a  great  variety  of  fields.  I  refer  here 
to  the  lympho-  and  angiosarcomas  of  the 
nasopharynx  and  of  the  whole  body,  to 
Hodgkin's  disease,  to  the  leukemias,  to  medi- 
astinal tumors,  to  many  brain  tumors,  to  the 
primary  testicular  carcinomas,  to  the  sarcomas 
of  the  ovary  in  children,  and  many  other 
ailments.  There  ought  to  be  at  least  a  glimmer- 
ing sense  of  gratitude  that  radiation  can  bring 
about  painless  and  bloodless  cures  in  ailments 
in  which  true  surgery  has  never  even  dreamed 
of  making  an  effort — and  that,  too,  radium 
cures  are  lasting  already  for  years. 

"Were  it  not  for  personal  attachment  and 
for  the  high  esteem  in  which  we  all  hold  Deaver 
as  one  of  our  keenest  cutters  and  most  doughty 
wielders  of  the  scalpel,  I  would  dismiss  his 
strictures  upon  radium  with  the  citation  of  an 
old  college  skit  on  Bishop  Berkeley,  the  idealist, 
which  ran,  'When  Bishop  Berkeley  said  there 
was  no  matter,  it  was  no  matter  \\hat  Bishop 
Berkeley  said.'  But  inasmuch  as  I  profess  to 
be  a  cosmothetic  idealist,  I  will  try  to  undo 
some  of  the  harm  Deaver's  misleading  and 
injudicious  article  may  have  wrought. 

"Let  us  pass  in  silence  his  reference  to  the 
'biologic   effect   of   radium'    and    the    'law   of 


Bergonie  and  Tribondeau,'  to  which  he  adverts 
after  the  gingerly  fashion  of  one  who  craves 
credit  for  erudition,  but  who  is  conscious  of 
treading  boggy  ground." 

"We  all  heartily  concur  with  Deaver  in 
urging  a  continuance  of  the  campaign  to  bring 
patients  to  treatment  in  the  early  stages  of 
cancer,  and,  where  possible,  to  remove  the 
causes  of  irritation,  the  forerunners  of  certain 
cancers.  It  should  be  remembered,  however, 
in  the  fight  against  cancer,  that  our  means  of 
knowing  the  early  stages  are  limited  except 
in  a  few  well-defined  localities.  Even  if  a 
diagnosis  could  be  made,  how  many  cancers 
of  the  brain,  cancers  of  the  lung,  cancers  of 
the  pancreas  and  so  forth  could  be  cured  by 
operation?  One  might  say,  therefore,  that  the 
broad  statement  that  in  the  early  stage  cancer 
is  local,  amenable  to  treatment,  and  almost 
certain  of  cure,  is  somewhat  of  a  surgical 
illusion." 

Kelly  confines  his  discussion  to  the  four 
gynecological  conditions  mentioned  by  Deaver 
in  the  article  above  referred  to,  namely:  (i) 
Fibroid  tumor  of  the  uterus.  2.  Hemorrhagic 
uterus.  3.  Cancer  of  the  body  of  the  uterus. 
4.  Cancer  of  the  cervix. 

In  regard  to  fibroid  tumors  of  the  uterus, 
Kelly  pronounces  this  dictum:  "He  who 
would  give  his  patient  the  same  consideration 
he  would  give  to  his  wife  or  his  sister,  must  put 
radium  first  in  the  treatment  of  fibroid  tumors." 
The  fibroids  calling  for  treatment  are  those 
which  are  growing,  those  which  are  bleeding, 
those  which  disturb  function  or  cause  pain  by 
pressure  on  neighboring  organs,  and  those 
whose  nature  is  in  doubt.  In  the  last  group  we 
include  those  in  which  a  clear  diagnosis  is  not 
possible.  If  there  is  anything  suspicious  about 
the  tumor,  in  the  rapidity  of  its  growth  and  its 
softness,  or  any  suspicion  of  an  ovarian  tumor 
complicating  it,  or  lateral  inflammatory  disease, 
then  operation  is  the  choice.  Every  patient 
with  a  uterine  fibroid  with  bleeding  or  discharge 
should  be  subjected  to  a  preliminary  dilation 
and  curettement  as  a  routine  procedure.  In 
the  uncomplicated  fibroids,  especially  when 
associated  with  excessive  bleeding,  there  is  no 
treatment  as  satisfactory'  as  radium.  Kelly 
asserts  that  even  in  the  large  tumors  a  large 
percentage  show  either  complete  disappearance 
or  a  marked  reduction  in  size.  Of  course,  calci- 
fied, cystic  fibroids  and  occasionally  other  forms 
do  not  respond  by  decrease  in  size. 

In  younger  women,  Kelly  advocates  myo- 
mectomy, although  he  has  been  able  in  a 
number  of  cases  to  shrink  fibroids  by  irradia- 
tion without  disturi)ing  the  patient's  menstrual 
function  for  more  tiian  a  few  months  or  at  the 
most  for  a  vear  or  two.  Radiated  fibroids  often 
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disappear  completely,  but  even  if  the  fibroid 
only  shrinks  and  causes  no  more  trouble  the 
result  is  satisfactory,  inasmuch  as  some  20 
per  cent  of  all  women  have  just  such  small 
fibroids,  and  many  never  even  know  it.  "It 
is  blessed  foolishness  to  declare  that  a  mutilat- 
ing surgical  operation,  which  removes  the  womb 
just  for  the  sake  of  getting  out  some  fibroid 
tumors  encapsulated  in  it,  is  a  satisfactory 
operation,  \\hile  to  stop  the  growth  of  the 
tumor  and  shrink  it  with  radium  is  unsatis- 
factory." 

The  hemorrhai;ic  uterus.  This  condition  was 
often  mistaken  for  cancer  of  the  uterus  and  the 
removal  of  one  of  these  uteri  was  often  a  source 
of  humiliation  to  the  surgeon.  Radium,  how- 
ever, comes  to  our  aid  by  the  simple  expedient 
of  inserting  a  tube  of  radium  into  such  a  bleed- 
ing uterus,  say  100  mgm.  or  its  equivalent,  for 
fifteen  hours — presto!  the  hemorrhages  disap- 
pear and  the  patient  is  cured.  This  is  so  far  the 
greatest  triumph  in  surgery  since  this  century 
began.  If  radium  did  nothing  else  but  bring 
relief  to  this  one  group  and  eliminate  surgery, 
it  would  be  worth  all  the  investments  of  all 
the  clinics  in  the  country. 

Fundus  cancer.  Kelly  believes  that  here 
surgery  is  the  method  of  choice;  but  he  is 
thankful,  in  the  cases  where  surgery  is  not 
applicable,  to  be  able  to  use  radium  with  so 
much  success  and  the  hope  of  a  prolonged 
and  remarkable  improvement. 

Kelly's  remarks  concerning  cure  are  worth 
considering.  He  saj's:  "Let  us  sometimes  with 
the  patient's  peace  of  mind  in  view,  use  the 
word  'cure'  in  a  modified  sense.  'Palliation' 
is  relief,  more  or  less  complete,  of  distressing 
symptoms,  while  the  disease  obviously  remains, 
to  advance  at  a  later  date.  When  shall  we  use 
the  word  'cure'  in  reference  to  an  apparently 
effective  cancer  operation  or  treatment?  If 
we  demand  certainty,  then  we  can  never  say 
a  patient  is  cured,  for  the  five  or  even  ten 
year  limit  is  purely  arbitrary  and  not  decisive. 
Why  not  then  say  'cure'  when  after  the  first 
year  there  are  no  discoverable  signs  of  disease, 
being  aware  that  there  will  be  a  certain 
percentage  of  relapses?  I  urge  this  in  the  inter- 
est of  the  patient,  who  can  then  for  a  time 
forget  the  sword  of  Damocles.  I  commonly 
say  to  the  patient,  'As  far  as  I  can  see  you  are 
perfectly  well,  and  I  am  expecting  you  to 
remain  well;  now  go  about  your  business,  but 
report  to  me  every  five  or  six  months,  for 
several  years.'  Let  us  not  be  so  ultrascientific 
as  to  forget  the  patient's  point  of  view." 

Cancer  oj  the  Cervix.  We  again  quote  the 
author.  "This  is  manifestly  Deaver's  crux, 
and  here  he  falls  into  as  distressing  error  in 
comparing   operative   with   radium  cures.  Let 


me  ventilate  his  confused  logic  and  false 
conclusions  by  transferring  the  comparison 
to  another  field.  Suppose  I  had  declared  some 
years  ago  that  I  now  had  a  new  and  successful 
method  of  treating  all  breast  cancers,  of 
whatever  nature  and  however  advanced,  and 
that  I  received  and  treated  all  cases  indis- 
criminately as  thej'  came  to  me,  and  I  was 
then  able  to  report  a  20-per-cent  five-to- 
seven-year  cure.  Then  along  comes  a  zealous 
disciple  of  the  knife,  who  has  operated  only 
upon  selected  cases  which  showed  no  axillary 
involvement  or  distribution  beyond  the  freely 
movable  breast,  rushing  into  the  arena, 
crying,  'Hey,  I  have  far  better  results,  I  have 
saved  25  per  cent  by  operation.  Away  with 
your  new  remedy!'  Where,  I  ask,  is  the  sense 
of  comparing  such  utterly  dissimilar  groups 
except  to  declare  at  once,  'How  far  superior 
is  the  method  which  deals  so  successfully 
even  with  the  advanced  hitherto  hopeless 
cases?'" 

Here  Kelly  quotes  from  a  letter  written  him 
by  John  G.  Clark  July  18,  1922,  as  follows: 
"Of  the  large  number  of  cases  which  we  have 
treated  for  the  last  j'ear  or  two  practically 
none  were  operable,  and  because  of  the  as- 
tounding good  result  in  some  of  the  apparently 
hopeless  instances,  we  have  very  materially 
decreased  the  number  of  our  operations  in 
cancer  of  the  cervix.  Indeed,  we  scarcely 
operate  any  more  in  the  latter  cases.  I  have 
always  tried  to  emphasize  as  strongly  as 
possible  the  fact  that  if  we  can  get  a  20  per 
cent  three-year  salvage  in  the  hopeless  cases 
we  ought  to  do  better  than  33  per  cent  in  the 
operable  cases  of  very  limited  growths,  hitherto 
submitted  to  a  very  extensive  panhysterectomy." 

The  author  then  goes  on  to  divide  cancer 
of  the  cervix  into  three  classes: 

1.  With  extensive  lateral  involvement  and 
fixation. 

2.  Where  the  lateral  infiltration  is  moderate 
and  where  neither  side  is  fixed. 

3.  Where  the  disease  appears  limited  to  the 
cervix  and  mobility  is  not  interfered  with. 

A  rectal  examination  is  imperative  and 
decisive  as  to  extent  in  nearly  all  cases.  In  the 
first  group  operation  is  worse  than  futile; 
radium  often,  however,  gives  great  relief  in 
checking  hemorrhages  and  discharges  and 
relieving  pain.  Occasionally  one  gets  a  cure  here 
if  enough  radium  is  judiciously  used.  Group 
2,  with  evident  lateral  involvement,  is  a  group 
where  the  surgeon's  hands  ought  to  be  tied. 
Here  again  radium  palliates  without  the  risk 
of  operation.  In  Group  3  it  is  quite  certain  that 
radium  gives  a  high  percentage  of  permanent 
cures,  almost  certainly  higher  than  operation 
alone,  and  without  its  attendant  mortality  and 
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morbidity.  In  those  early  cases  in  which  the 
general  condition  of  the  patient  is  good,  a 
combination  of  operation  and  radium  is  for 
the  present  highly  to  be  recommended,  that 
we  may  know  whether  the  combination  gives 
us  the  best  frontal  attack  on  our  dread  enemy. 
Such  a  combined  treatment  may  well  be  better 
than  either  radium  or  surgery  alone.  It  also 
makes  possible  the  implantation  of  radium 
points  into  any  discovered  glandular  metastases. 
Where  pre-operative  radiation  is  given,  the 
operation  should  be  done  in  the  first  three  or 
four  days  after  radiation.  A  longer  period  oi 
delay  leads  to  sclerosis  of  the  parts  and  makes 
the  operation  much  more  difficult. 

Kelly  concludes:  "I  have  no  quarrel  with 
the  man  who  goes  on  operating  for  the  present 
on  these  properly  selected  cases  of  cancer  of 
the  cervix,  for  we  who  are  engaged  in  a  new 
work,  exploiting  fresh  fields,  have  no  right  to 
expect  the  entire  profession,  busy  about  so 
many  things,  to  catch  our  vision  at  once.  But 
I  do  have  a  gravamen  of  complaint  against 
any  one  who  would  hinder  our  work,  rob  our 
patients  of  their  hope,  and  some  of  their  lives, 
and,  by  disseminating  doubts,  and  by  in- 
nuendo, obstruct  our  path.  I  also  inveigh 
against  him  who  operates  on  Groups  i  and  2, 
which  are  so  obviously  unfit. 

"When  my  friend  declares  that  radium  is  a 
failure  in  the  face  of  these  overwhelming 
experiences,  I  reply  in  the  words  of  Priscilla 
of  old,  'Speak  for  yourself,  John!'" 

Reichold,  Albert.  The  effect  of  roentgen  rays 
on  the  mitotic  cells  in  carcinomatous  tissues 
and  on  the  blood-vessels.  Militcheii.  med. 
Wchnschr.,  July  15,  1921,  Ixviii,  881. 
Important  results  were  expected  some  time 
ago  from  the  roentgenization  of  malignant 
growths,  but  these  expectations  have  not  been 
realized.  Despite  improvements  of  the  tech- 
nique and  the  variety  of  the  radioactive 
substances  a  great  majority  of  the  tumors  do 
not  react  to  roentgenization.  The  author  has 
examined  the  effect  of  roentgen  rays  of  the 
mitotic  cells  obtained  from  carcinomas.  Five 
cases  of  cancroid  of  the  lip  were  thus  examined, 
which  were  radiated  after  intervals  of  a  few 
days  with  between  loX  and  20X  through  an 
aluminum  filter  3  mm.  thick.  After  each 
roentgenization  small  portions  of  tissue  were 
excised  for  examination.  It  is  very  important 
that  these  specimens  should  be  placed  in  10 
per  cent  solution  of  formalin,  as  changes  may 
otherwise  occur  in  the  extirpated  tissues.  The 
specimens  were  stained  with  sulphate  of  iron 


and  ammoniafand  with  hematoxylin.  The 
carcinomas  disappeared  as  a  result  of  the 
roentgenization.  The  histologic  examinations 
showed  in  all  these  5  cases,  rich  mitotic  cell 
formations,  which  the  author  believes  to  have 
caused  the  disappearance  of  the  carcinomas 
after  roentgenization.  In  sections  the  size  of  i 
sq.  mm.,  from  10  to  15  mitotic  cells  were 
found.  Soon  after  the  second  and  third  roent- 
genization a  noticeable  karyokinesis  could  be 
observed,  and  the  diaster  forms  had  disap- 
peared totally.  In  specimens  which  had  been 
irradiated  with  lOoX,  all  tumor  cells  were 
found,  after  four  days,  to  show  symptoms  of 
degeneration.  The  changes  in  the  blood-vessels 
in  these  irradiated  preparations  were  also  very 
interesting.  After  irradiation  with  a  dose  of 
looX,  the  vascular  tissues  had  the  aspect  of 
cavernous  tissues.  The  intima  cells  changed 
their  forms  and  became  cubic.  In  later  prepara- 
tions manifold  compact  cell-syncytia  from 
intima  cells  were  found. 

On  the  basis  of  these  observations  the  author 
believes  that  the  mitotic  cells  are  the  parts  of 
the  carcinoma  most  sensitive  to  roentgen  rays, 
and  that  an  enormous  increase  of  the  vessels 
occurs  after  roentgenization,  this  apparent!}' 
taking  an  active  part  in  the  cure  of  the 
carcinoma. 

Parrisius,  W.  Warning  against  overdosing 
with  .v-rays  in  cases  of  myelomatous  leuke- 
mia. Strahlentberapie,  Feb.  15,  1921,  sii,  234.. 
The  undoubtedly  good  results  obtained  from 
roentgenotherapy  carefully  administered  in 
leukemia  may  easily  be  counteracted  by  too 
long  continuance  or  by  too  severe  a  dosage. 
Four  cases  are  cited  in  which  ill  effects  were 
attributed  to  these  causes.  In  all,  the  threaten- 
ing condition  improved,  but  following  the 
treatment  there  were:  rapid  loss  of  strength, 
attacks  of  cardiac  insufliciency,  rapid  destruc- 
tion of  leukocnes,  and  shrinking  of  the  spleen. 
Such  disasters  are  obviated  completely  by  the 
author's  technique.  He  treats  the  patient 
eight  times  in  twelve  weeks,  using  a  6  by  8  cm. 
field,  23  cm.  focal  distance,  a  ^  2  '"m-  zi"c  filter, 
plus  a  I  cm.  of  aluminum,  the  duration  being 
six  minutes.  The  last  sittings  may  be  lengthened 
to  eight  and  ten  minutes.  This  represents  one- 
sixth,  later  one-quarter  to  one-third  of  the 
erythema  dose.  Every  second  day  a  blood 
examination  is  made,  to  determine  whether 
the  leukoc\te  count  has  fallen  and  the  patient 
therefore  has  become  ready  for  another 
treatment. 
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STUDY  OF  NON-LUETIC   PERIOSTEAL 
BONE  LESIONS 


BY    ROY    G.    GILES,    M.D. 
A'-Ray   Department,   Massachusetts  General   Hospital 

BOSTON,    MASSACHUSETTS 

''pHE    periosteum    is    a    tough    fibrous  receive  a  gradual  deposit  of  mineral  salts 

_L    membrane    adherent    to    the    surface  and  cast  a  shadow  on  the  roentgenogram 

of  the  bone  except  at  its  extremities,  where  in   from   one  to   four  weeks,  depending  on 

it    is    covered    with    cartilage.    Normail}-  the  age  and  the  condition  ot  the  patient, 

the   periosteum   does   not   cast   a   shadow  Such  a  condition  is  by  no  means  common, 
on  the  roentgenogram.  It  becomes  appar- 


but  may  occasionally  be  seen  extending 
over  a  considerable  portion  of  the  bone. 

Callus  is  formed  in  the  same  manner, 
and  in  addition  includes  the  new  ipone 
thrown  out  around  the  ends  of  the  frag- 
ments. 

It  seems  reasonable  that  a  trauma  may 
initiate  an  irritant  stimulus,  causing  the 
deposition  of  lime  salts  in  the  periosteum. 


ent   only   when    calcium   salts   have   been 
deposited  in  it. 

Periosteal  bone  production  is  not  a 
clinical  entity  within  itself,  but  a  mani- 
festation of  the  reaction  of  the  perios- 
teum to  some  irritant  acting  as  a  stimulus 
to  bone  production.  The  new  bone  is 
laid    down    in    the    same    manner    in    the 

majority  of  the  cases,  without  regard  to  resulting   in   a   true  traumatic  periostitis, 

the    stimulus    causing    the    deposition    of  Much  stress  is  laid  on  the  occurrence  of 

lime  salts  in  the  periosteum,  and  for  this  traumatic  periostitis  in  the  earlier  litera- 

reason  it  may  often  be  impossible  to  differ-  ture.    But    MacCallum,' in    his  text-book 

entiate    the    various    conditions    bringing  on   pathology,   does   not   mention    such   a 

about  a  periosteal  reaction.  condition.     Bloodgood-    states:     "I     have 

Roentgen-ray     evidence     of    non-luetic  been     surprised     at    the     infrequcncy    of 

periostitis     and     the     formation     of    new  periosteal   bone    formation    after   trauma, 

subperiosteal    bone    is    seen    in    a    great  In  a  large  number  of  cases  I  have  made 

number  of  bone  affections.  Among  these  .\-ray  studies  after  trauma  and  at  intervals 

may    be    mentioned:     fractures;    trauma  until  all  symptoms  had  disappeared  with 

without     fractures;    osteomyelitis;    tuber-  negative  findings."  Albee'  describes  simple 

culosis;  typhoid;  leprosy;  pulmonary  osteo-  inflammatory   periostitis,    which    he  states 

arthropathy;   osteitis   deformans;    rickets;  is  usually  traumatic  in  origin:  "In  acute 

scurvy;    ancl    the    proliferative    type    of  cases   of  this   lesion   the   .\-ray  shows   no 

bone  tumors.  changes    in    the    outline    of    the    affected 

Proliferative   Lesions   Due    to   Fractures,  bone,   even  though   considerable   swelling 

In    fractures    the    fragments  may  be  dis-  is    present    clinically.     In    subacute    and 

placed    and    the    periosteum    stripped    up  chronic    cases,    a    faint    shadow    appears 

or  torn  away  from  the  shaft.  The  perios-  along  the  shaf^t,  due  to  the  deposit  of  lime 

teum    as    a    result    of   this    trauma    may  salts  in  the  thickened  periosteum. 
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Local  injuiN  nia\  jjeinm  tiir  access  and 
favor  the  production  of  pyogenic  micro- 
organisms, by  producing  tissue  damage. 
Such  a  condition  may  give  rise  to  an  osteo- 
niyelitic  process.  But  after  reviewing  a 
large  number  of  radiograms,  and  the  his- 
tories of  patients  showing  .v-ray  e\idencc 
of  |3eriostitis,  e\cn  though  the  onset  of 
the    illness    in    manv    cases   dated    liom    a 


I.  l-racturcs  ol  the  lower  end  of  tile  leimir  ol  six  to 
eight  weeks'  slandirif!;,  showing  rather  extensive 
periosteal  changes;  line  of  fracture  is  visible,  and 
alignment  is  good. 

trauma,  we  are  unable  to  lind  a  case  of 
traumatic  periostitis,  without  e\  idence  of 
secondar\-  infeclit)n. 

Periosteal  Cbajiiies  Dw  to  Osteomyelitis. 
Osteomyelitis  may  occur  spontaneously, 
and  it  is  often  accompanied  by  a  per- 
iostitis, due  ill  the  majority  of  cases  to 
staphylococcus  aureus  and  albus.  The 
streptococcus  may  also  give  rise  to  osteo- 
myelitis. Trauma  is  a  common  predisposing 


cause.  hi)ur\  ma\  jjroduce  an  area  of 
lowered  resistance  and  fa\or  the  entrance 
of  microorganisms  directly  by  means  of  a 
wound  through  the  blood  stream,  or  from 
a  focus  of  suppuration  in  the  skin,  the 
subcutaneous  or  tiie  deeper  tissues.  Per- 
haps at  least  (>ne  half  of  the  cases  will 
gi\e  a  history  of  iiijurN.  This  type  is 
most  often  seen  in  the  young.  Growing 
tissue  is  more  easily  afTected  by  micro- 
organisms than  is  mature  tissue,  and 
osteomyelitis  usually  begins  in  the  region 
of  the  epiphyseal  line,  where  new  bone  is 
being  formed.  Similiar  conditions  may 
occasionally  be  met  with  as  complications 
of  certain  diseases  such  as  \ariola,  measles, 
whooping-cough,  pneumonia,  iniluenza,  t\'- 
phoid  relapsing  le\er,  scarlatina,  etc. 
Osteomyelitis  may  in\oKe  any  bone, 
but  the  most  lre(|uent  sites  are  the  femur 


Fig.  2.  Osteomyelitis  following  whooping-cough  and 
pneumonia.  The  periosteum  is  raised  and  shows 
evidence  of  proliferation  on  either  side  of  the  bone, 
willi  littK-  <\  idence  of  bone  destruction. 

and  the  tibia.  I  he  disease  usually  begins 
in  the  metlullar\  canal  or  beneath  the 
periosteum.  When  the  infectious  process 
is  carried  through  the  blood  stream,  it 
generally  begins  in  the  medullary  canal. 
When  the  infection  is  set  up  as  the  result  of 
a  trauma,  the  disease  usually  starts  in  the 
cortex  of  the  bone.  During  the  \er\  early 
stages  of  the  disease,  the  infectious  process 
may    be    conliiuxl    to    the    nietlullarv    and 
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Haversian  canals  without  causing  any 
variation  from  the  normal  in  the  radio- 
graphic appearance  of  the  affected  bone. 
After  ten  to  fourteen  days,  areas  of  rare- 
faction are  seen  on  the  x-ray  plate  and 
may  be  accompanied  by  more  or  less 
extensive  periosteal  proliferation,  depend- 
ing upon  the  extent  of  the  diseased  process, 
since  the  periosteal  reaction  is  the  direct 
result   of  the   irritation   beneath   it.   The 


r 

Fu<.    3.    Pathol'^ical  jRep<^ri;  bi..,-.... ^„>  aureus. 

Acute  cast  of  osteomyelitis  of  three  to  four  weeks' 
duration.  Note  periostitis  in  lower  third  of  femur. 

areas  of  destruction  coming  in  contact  with 
the  living  bone  cause  the  normal  bone  to 
become  inflamed  and  ulcerated  about  the 
margins  of  the  dead  bone,  helping  in  the 
formation  of  sequestra. 

When  the  infectious  process  starts 
beneath  the  periosteum,  the  infection 
spreads  more  easily  into  the  periosteum, 
and  the  cortex  becomes  involved  more 
slowly,  due  to  its  density.  This  type  is 
characterized  by  marked  periosteal  prolif- 
eration, accompanied  by  very  small  areas 
of  destruction. 

In  chronic  osteomyelitis  the  .v-ray  shows 
a    pathological    process    confined    to    the 


shaft,  which  may  include  a  large  part 
of  the  bone  involved.  The  original  bone  is 
often  thickened  and  irregular,  due  to  the 
deposit  of  successive  layers  of  periosteal 
bone  on  the  cortex,  often  causing  the 
medullary  canal  to  appear  narrowed. 
The  cortical  bone  may  show  small  areas  of 
destruction,    as    illustrated    by    irregular 


Fig.  4.  Chronic  osteomyelitis.  Extensive  periosteal 
involvement  of  the  lower  end  of  the  femur,  nearly 
to  the  middle  of  the  shaft. 

patches  of  decreased  density  due  to  the 
small  areas  of  infection  remaining. 

Periosteal  Changes  Observed  in  Tuberculo- 
sis. In  this  country  tuberculosis  of  the 
shaft  of  the  long  bones  has  been  con- 
sidered a  \  ery  rare  condition.  Radiographi- 
cally  the  condition  appears  as  irregular, 
slight  or  extensive  areas  of  destruction  in 
the  cancellous  bone  or  the  medullary 
canal.  The  periosteum  is  invoUed  only  as 
the  result  of  secondary  infection.  For  this 
reason,  tuberculous  lesions  producing 
periosteal  reactions  are  generally  indistin- 
guishable from  osteomyelitis  of  pyogenic 
origin. 
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In  children  the  short  bones  of  the  hands 
and  feet  are  prone  to  tuberculosis.  The 
condition  appears  on  the  roentgenogram 
as  irregular  punched-out  areas  in  the 
medulla  and  cortex.  The  diseased  phalanx 
is  increased  in  size  and  may  be  accompanied 
by  a  periostitis.  Frequently  the  enlarged 
phalanx  is  accompanied  by  a  rearrange- 
ment of  the  bone  structure.  Syphilitic 
dactylitis  seldom  shows  areas  of  destruction. 
The  increased  size  of  the  phalanx  is  the 


part.  Occasionally  there  may  be  a  local  or 
extensi\e  periostitis  accompanying  the 
area  of  destruction  in  the  cortex.  But 
there  are  no  special  characteristics  by 
which  It  can  be  distinguished  by  means  of 
the  A-rays  from  the  usual  types  of 
inflammation. 

Periosteal  Changes  in  Leprosy.  In  lep- 
rosy the  bones  of  the  hands  and  feet  show 
the  most  marked  changes.  The  lesions 
are  characterized  by  a  variable  degree  of 
atrophy    and    are    generally  accompanied 


Fig.  5.  Pathological  Diagnosis;  Tuberculosis  ulna. 
There  is  a  line  of  absorption  just  above  the  epiphy- 
seal region;  the  other  changes  are  almost  entirely 
periosteal.  The  soft  tissues  in  this  region  are  very 
much  thickened. 

result  of  the  elevation  and  thickening  of 
the  periosteum. 

Periosteal  Changes  Due  to  Typhoid. 
This  is  a  rare  condition  in  the  bone  and 
most  frequently  attacks  the  spine  and  ribs, 
less  often  the  long  bones.  The  ^■ertebrae 
are  blurred  and  indistinct  when  the  spine 
is  involved,  but  the  intervertebral  discs 
are   not   destroyed,   as   in   Pott's  disease. 

Typhoid  of  the  long  bones  appears  on  the 
.\-ray  plate  as  a  circumscribed  area  of 
rarefaction  in  the  cortex,  accompanied 
by  a  thickening  of  the  cancellous  bone  in 
the    immediate    vicinity    of   the    diseased 


Fig.  6.  1  lypcrtrophic  pulmonary  osteoarthropathy. 
Marked  increase  in  periosteum  which  has  a  peculiar 
moss-like  appearance,  and  the  process  is  limited  to 
the  periosteum. 

by  a  periostitis.  Honeij^  summarizes  the 
bone  lesions  as  follows:  "In  general  the 
bone  changes  observed  vary  from  thinning, 
atrophy,  or  periostitis,  to  advanced 
changes  with  total  absorption  of  phalanges, 
marked  inflammatory  action  in  the  bone, 
distortion,  ankylosis  and  fractures.  Changes 
may  begin  in  the  corticalis,  or  medullary 
canal,  and  apparently  any  or  all  of  these 
changes  may  occur  in  the  same  set  ot 
bones."  The  periosteal  changes  in  leprosy 
alone  may  be  difficult  to  distinguish  on  the 
roentgenogram  from  syphilis,  but  the 
characteristic  changes  that  go  with  it, 
together    with    tlie    history    and    clinical 
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course,  render  a  mistaken  diagnosis  higlily 
improbable. 

Periosteal  Changes  in  Pulmonary  Osteo- 
arthropalhy.  It  is  generally  conceded  that 
this  rare  condition  follows  the  absorption 
of  toxins  from  a  septic  focus,  most  often 
primary  in  the  lungs.  It  has  been  found  to 
accompany  bronchiectasis,  empyema,  lung 
abscess,  pulmonary  tuberculosis  with 
abscess  formation,  malignant  neoplasms, 
and  congenital  heart  disease.  Locke'  con- 


Periosteal  Changes  in  Osteitis  Deformans. 
The  etiology  of  osteitis  deformans  seems 
as  obscure  as  when  Sir  James  Paget'^ 
first  described  the  disease  in  1876.  He 
regarded  the  condition  as  the  result  of 
chronic  infection.  It  is  most  commonly 
seen  after  the  age  of  forty,  though  cases 
are  recorded  in  the  literature  as  early  as 
eight  and  as  late  as  seventy-nine  years  of 
age.  The  condition  does  not  tend  directly 
to  shorten  life,  and  there  is  no  racial  pre- 
disposition or  immunity  to  the  disease. 
The  bones  and  soft  tissues  of  the  hands  and 


Fig.  7.  Scurvy,  well  advanced.  Note  separation  of 
periosteum  and  displacement  of  the  epiphysis  due 
to  hemorrhage. 

siders  clubbing  of  the  fingers  an  early 
symptom,  but  there  are  cases  reported  in 
which  it  is  absent.  The  hands  and  the  feet 
as  a  rule  show  marked  enlargement, 
accompanied  by  tremendous  bone  produc- 
tion in  the  periosteum,  as  shown  on  the 
roentgenogram.  There  may  be  seen  a  clear 
space  between  the  bone  and  the  periosteum 
giving  it  the  appearance  of  being  stripped 
up.  The  early  process  is  seen  first  in  the 
distal  ends  of  the  distal  bones.  Later  these 
bones  usually  show  the  most  marked 
changes.  No  bone  is  exempt  except  those  of 
the  head  and  face.  The  bone  itself  shows 
no  changes. 


Fig.   8.    Peridxti. 


-.ircoma.    Note    the    cli. 
radiating  line. 


feet  may  be  enlarged;  the  skull  when 
inxoKed  is  the  most  characteristic.  As  a 
rule,  the  disease  involves  more  than  one 
bone,  but  may  be  limited  to  a  single  bone, 
most  commonly  the  tibia. 

The  roentgenogram  shows  thickening 
of  the  cortex  on  both  sides,  usually  more 
pronounced  on  one  side  than  the  other. 
Lime  salts  are  deposited  beneath  the 
periosteum,  and  the  new  periosteal  bone 
is  laid  down  parallel  with  the  cortex. 
As  a  result  there  is  marked  overgrowth 
of  the  bony  structures  and  abnormal 
trabeculation. 

Perhaps  osteitis  deformans  is  most  often 
mistaken    for    certain    types    of   syphilis. 
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In  osteitis  deformans  there  is  frequently 
marked  bowing  of  the  tibia,  due  to  actual 
enlargement  of  the  bone.  There  may  be 
pathological  fractures,  which  are,  as  a  rule, 
accompanied  by  very  little  callous  forma- 
tion, whereas  in  syphilis,  fractures  are 
seldom  seen,  and  then  only  as  the  result 


Fig.  9.  Patholoijical  Report:  Periosteal  sarcoma.  Note 
the  periosteal  bone  ijroliferation  extending  into  the 
soft  tissues  on  either  side  of  the  shaft  and  erosion. 
There  arc  no  lines  running  perpendicular  to  the  shaft. 

of  \er\  se\ere  \  lolence.  In  syphilis  the 
epiphysis  is  seldom  in\oKed,  whereas  in 
osteitis  deformans  it  usually  takes  part  in 
the  general  process. 

Periosteal  Clniniies  in  Rickets.  Rickets 
is  a  chronic  acc|uired  disease  occurring  most 
often  during  the  first  two  years  of  life. 
All  the  tissues  in  the  body  may  be  affected, 
but  the  principal  pathological  changes  are 


seen  in  the  long  bones.  The  most  important 
changes  are  In  the  epiphyseal  line  and 
neighboring  joint.  The  diaphyseal  end  of 
the  shaft  flares  outward  and  its  edges 
become  irregular  and  jagged.  A  moderate 
degree  of  periostitis  sometimes  occurs 
in  rickets.  The  shafts  of  the  long 
bones,  more  especially  the  lower  extremi- 
ties, are  frequently  bent,  showing  a  thick- 
ening of  the  cortex  on  the  concave  side  of 
the  curve.  Thickening  of  the  cortex  on  the 
con\ex  side  of  the  curve,  accompanied  by 
a  periostitis,  is  usually  due  to  syphilis. 

Periosteal  Changes  Due  to  Scurvy. 
Scurvy,  like  rickets.  Is  usually  seen  during 
the  first  years  of  life.  The  radiogram 
shows  no  changes  in  the  epiphyses  or  the 
epiphyseal  line.  The  earliest  evidence  of  the 
disease  is  the  appearance  of  a  white  line 
two  to  three  millimeters  behind  the 
epiphyseal  line  and  parallel  to  it.  The  white 
line  frequently  looks  like  a  second  epiphy- 
seal line  on  the  roentgenogram.  In  scurvy, 
periostitis  is  frequently  accompanied  b\' 
hemorrhages  beneath  the  periosteum.  At 
first  the  subperiosteal  hemorrhages  may  be 
unequally  distributed,  so  that  the  periosteal 
ele\"ation  may  appear  irregular  and  une\en, 
over  the  entire  length  of  the  shaft  of  the 
bone.  The  subperiosteal  hemorrhages  soon 
undergo  organization  and  mineral  salts 
are  deposited  in  the  periosteum  as  well  as 
in  the  blood  clot. 

Periosteal  Changes  in  Bone  Tumors. 
Periosteal  neoplasms  usually  lay  down  new 
bone  perpendicular  to  the  shaft.  Since 
all  the  periosteal  neoplasms  produce  new 
bone  in  much  the  same  manner,  the  .\-ray 
cannot  difi'erentlate  the  various  types, 
but  In  the  vast  majority  of  cases  the 
benign  can  be  separated  from  the  malignant 
on  the  roentgenogram  as  well  as  in  the 
gross  specimen. 

These  tumors  are  most  common  in 
young  people  and  seem  to  have  a  peculiar 
ailinlty  for  the  bones  around  the  knee. 
These  are  bone-producing  tumors,  and 
the  malignant  type  often  grow  very 
rapidly.  In  the  malignant  type  the  new- 
bone  appears  on  the  roentgenogram  as 
fine  calcified  strlne,  radiating  at  right 
angles  to  the  cortex  and  terminating 
freeU  in  the  soft  tissues.  The  shaft  and 
the  periosteum  may  show  a  more  or  less 
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marked  degree  ot"  destruction.  But  the 
majority  of  the  changes  are  outside  the 
bone  proper.  These  radiating  spicules, 
when  present,  make  this  tumor  probably 
the  most  characteristic  of  all  the  bone 
tumors,  and  they  ha^■e  been  called  "spikes" 
by  some  writers.  Baetjer'  refers  to  these 
characteristic  radiating  spicules  as  "resem- 
blmg  the  rays  of  the  sunset." 

Occasionally'  syphilis  may  lay  down  new 
periosteal  bone  perpendicular  to  the  cor- 
tex, but  in  this  case  the  fine  striae  of 
mineral  deposits  arch  together  at  their 
terminations,  instead  of  terminating  freeh' 
in  the  soft  tissues. 


I  wish  to  thank  Dr.  George  W.  Holmes 
for  his  assistance  in  the  preparation  of 
this  paper. 
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THE  INTESTINAL  RATE  AND  THE  FORM 
OF  THE  FECES* 

BY    FRANCIS    LOWELL   BURNETT,    M.D. 

boston,    MASSACHUSETTS 


A  MEASURE  of  time  on  the  circulatory 
and  respiratory  systems  has  been 
established  for  many  years  and  found  useful. 
The  pulse  beat  and  the  respiratory  rate  are 
ot  value  not  only  in  the  determination,  but 
also  in  the  consideration  of  the  outcome,  of 
morbid  processes.  The  intestinal  rate,  how- 
ever, has  received  scant  consideration; 
but  as  the  tissues  of  the  body  are  depend- 
ent on  the  amount  and  kind  of  assmiilation, 
which  is  due  to  the  proper  chemical  reduc- 
tion, which  in  turn  is  nicely  adapted  to 
the  rate  of  passage  through  the  ditferent 
parts  of  the  tube,'  an  understanding  of 
the  variations  of  the  intestinal  rate  and 
the  form  of  the  feces  is  likely  to  prove 
"S'aluable  in  the  most  essential  process — 
proper  nourishment — and  the  maintenance 
of  a  harmonious  body. 

The  study  previously  given  to  the  time 
taken  by  substances  to  pass  through  the 
alimentary  tract  has  been  in  attempts  to 
detme  the  normal  rate;  but  the  results 
have  been  so  at  variance  that  they  are 
without  practical  value.  Thus  Hurst,-  by 
means  of  barium  and  the  .x-ray,  says  the 
rate  depends  on  the  time  of  ingestion  and 
defecation,  and  gi\  es  tigures  from  nine  to 
thirty-three  hours.  Then  Case'*  believes  that 
the  colon  should  be  empty  by  the  end  of 
thirty-six    hours;  but   Barclav^  says  that 


'  From  the  Skin  Clinic  of  the 


there  are  plenty  of  women  in  whom  the 
opaque  meal  takes  forty-eight  hours  or 
longer  to  reach  the  rectum.  And  Straus,'' 
by  the  use  of  carmine,  gives  twelve  hours 
as  the  minimum  and  forty-eight  as  the 
maximum  for  normal  limits.  Finally,  I 
have  suggested  that  the  normal  time  is 
about  sixty-four  hours.''  Such  variations 
are  readily  explained-  in  a  large  series  of 
determinations;  especially  when  it  is  found 
possible  to  change  the  rate  in  a  subject 
by  dietary  treatment. 

In  this  investigation  of  the  intestinal 
rate  the  estimates  were  made  by  the  study 
of  40  plates  in  .\-ray  exposures  taken 
five,  ten,  twenty-five  and  fifty  hours  after 
the  ingestion  of  a  barium  meal;  but  more 
often  by  seeds  gixen  60  subjects  in  250 
tests  and  observed  in  about  1,000  stool 
examinations.  The  tests  counted  were 
only  those  of  subjects  having  one  or  more 
natural  dejections  daily.  An  illustration 
of  the  v-ray  method  is  shown  in  Figure  i. 
This  picture  represents  two  series  ol 
exposures;  in  the  upper,  showing  a  rapid 
intestinal  rate,  only  a  little  barium  remains 
in  the  gut  after  twenty-five  hours.  Such 
a  condition  is  associated  with  soft  and 
formless  feces,  as  shown  in  Figure  3.  In 
the  lower,  most  of  the  barium  is  apparent 
in   fifty   hours,   and   in  the  sigmoid  it  is 

Massachusetts  General  Hospital. 
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formed  into  discrete  masses.  This  condi-  another  means  was  devised,  which  though 
tion  is  associated  with  feces  entirely  formed  simpler,  is  sufTiciently  accurate  to  give 
in  units  as  shown  in  Figure  5.  The  upper     very  striking   results.    By   this   method   a 


Fig.  I.  Roentgenograms  ol  two  subjects  taken  tive,  ten  and  twenty-live  hours,  and  one  iilty  hours,  after  the 

ingestion  of  a  barium  meal. 

series  was  taken  of  a  patient  with  psoriasis,  measure  of  50  c.c.  of  French  millet  seed 
whereas  the  lower  was  of  an  unusually  was  given  a  subject  immediately  after 
healthy  individual.  an    evening    meal.    Then    the    subsequent 


Fig.  2.  Semisolid  feces 
(diarrhea). 


Fig.  3.  The  soft  and     Fig.  4.  A  stool  formed      Fig.  5.  Feces  entirely 
formless  type.  with  marks.  composed  of  units. 


While  the  .\-ray  method  is  applicable  dejections  were  examined,  and  the  time 
in  a  large  hospital,  it  is  too  intricate  and  noted  when  more  than  live  seeds  were 
expensive    for    general    use;    accordingly      fust  and  last  seen.  In  this  way  the  number 
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of  hours  elapsing  from  the  time  of  ingestion 
to  the  appearance  of  the  seeds  represents 
the  initial  rate;  while  from  the  time  of 
ingestion  to  the  hour  when  the  seeds  were 


or  e\en  fifteen  hours.  Then  in  Figure  7, 
specimens  illustrating  a  retarded  rate 
are  shown;  and  indicate  a  change  from 
fifteen  or  twenty-four  to  thirty  or  thirty- 


FiG.  6.  Two  specimens  illustrating  an  accelerated  intestimtl  rate. 


last  seen  is  the  measure  of  the  final  rate. 
That  is  to  say,  if  seeds  taken  on  Monday 
at  6  p.m.  were  first  seen  on  Tuesday  at 
8  a.m.,  the  initial  rate  is  fourteen  hours; 
and  then  if  they  continue  to  be  apparent 
until  Thursday  at  8  a.m.  the  final  rate  is 
sixty-two  hours.  With  such  a  rapid  rate  the 
stool  is  always  soft  and  formless,  like  Figure 
3.  On  the  other  hand,  when  the  seeds  pass 
through  the  gut  at  a  moderate  speed, 
with  an  initial  rate  of  about  twenty-five, 
and  a  final  rate  of  about  ninety-seven 
hours,  the  feces  are  formed  with  marks, 
as  shown  in  Figure  4.  And  tinally  with  a 
slow  rate  of  about  sixty-two  and  one 
hundred  and  thirty-four  hours,  the  feces 
are  entirely  formed  in  discrete  masses  or 
units,  as  shown  in  Figure  5. 

These  figures  represent  a  uniform  speed 
of  the  intestinal  contents  in  their  passage 
during  the  test;  but  very  frequently  the 
rate  \aries  and  becomes  accelerated  or 
retarded,  and  then  there  is  a  corresponding 
change  in  the  form  of  the  feces.  The 
specimens  shown  in  Figure  6  illustrate 
an  accelerated  intestinal  rate.  Such  dejec- 
tions are  always  large,  and  exhibit  se\eral 
different  features,  as  units,  marks  and 
formless  portions,  and  show  a  change  in 
the  initial  rate  from  sixtv  to  twentv-four 


six    hours.    These   specimens    are    always 
small  and  are  composed  of  small  units. 

The  object  of  this  study  has  been  not 
onlv  to  correlate  the  intestinal  rate  with 


Fig.  7.  Two  stools  indicating  a  retarded  intestinal  rate. 

the  form  of  the  feces,  but  actually  to  retard 
the  rate,  in  order  to  get  patients  with 
eczema  and  psoriasis  on  a  unit  basis,  and  in 
this    way    relieve    intestinal    indigestion.* 

•  .V  pa  per  on  Intestinal  Indigestion  in  Eczema  and  Psoriasis  is 
being  prepared. 
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The  treatment  consists  ni  refininii;  the 
ahmentary  mixture;  by  this  means  the 
intestinal  rate  is  retarded,  as  shown  in 
Table  i.  We  have  been  led  to  believe  that 
a  slowing  of  the  intestinal  contents  is 
always  the  cause  of  autointoxication,  and 
a  great  many  secondary  conditions  of 
disease.  This  form  of  food  poison mg  un- 
doubtedly does  occur,  but  evidently  in 
those  with  an  unrefined  mixture.  From  a 
study  of  a  few  of  these  patients  such  a 
mixture  generally  evokes  a  rapid  intestinal 
rate. 

Some  of  the  estimates  actually  obtained 
are  as  follows: 

Table  I 


Date 


Table  II 
E 


Date 

Rate 

D; 

te 

Rate 

22         X 

15-39 

18 

VII 

12-23 

29 

15-39 

25 

1  5-88 

6       XI 

16-63 

I 

VIII 

24 -X* 

13 

16-63 

8 

49-118 

20 

16-85 

15 

15-117 

27 

1 6-64 

22 

15-102 

31       XII 

18-85 

29 

I5-X* 

28       I 

15-B9 

5 

II 

63-184 

c 

D 

Date 

Rate 

D; 

tc 

Rate 

7       VII 

25-96 

8 

I 

63-135 

12 

24-48 

15 

63-115 

3       X 

64-X* 

22 

87-134 

7        I 

17-42 

29 

63-146 

29 

43-115 

5 

11 

63-146 

12        II 

44-113 

12 

63-147 

27       HI 

45-96 

19 

39-160 

24       IV 

64-139 

26 

63- 1 60 

*  Not  observed. 

A  was  a  patient  with  constipation  and 
eczema,  who  found  on  refining  the  ali- 
mentary mixture  that  his  mo\ements 
became  more  regular,  without  laxatives, 
and  that  the  eczema  improved.  B  had 
psoriasis,  and  improved  on  dietary  treat- 
ment only.  C  was  another  psoriatic,  who, 
while  on  a  unit  basis  and  a  slow  intestinal 
rate,  recovered  entirely.  At  this  time  he 
felt  unusually  well,  but  got  careless  about 
his  diet,  changed  his  rate  to  17-42  and 
with  the  accompanying  change  in  the 
character  of  his  stool  had  another  attack. 
Finally  he  resumed  treatment,  once  more 
got  on  a  unit  basis  with  a  rate  of  64-139, 
and  the  lesions  ha\e  disappeared.  D  is 
an  unusuall\  healthy  indi\idual  basing 
had  a  slow  rate  of  about  63-147  for  many 
years.  Estimates  of  the  intestinal  rate  are 
of  practical  value  in  keeping  a  check  on 
patients  having  previously  been  subict't 
tt)  dietary  errors,  as  shown  in  Table  II. 


I 

10 
1 1 

6 


XI 
XII 

11 
III 


Rate 

38-145 
39-148 
50-1 10 
49-145 


The  significance  of  the  semisolid  form 
of  the  feces  or  diarrhea,  as  shown  in 
Figure  2,  is  sufficiently  obvious  to  require 
comment.  The  soft  and  formless  dejection 
with  an  irregular  surface,  in  contrast  with 
one  formed  with  marks,  or  more  particu- 
larly with  one  of  marks  and  units  too, 
must  have  some  meaning.  Such  pronounced 
features  in  two  of  the  types  must  be  due 
to  some  of  the  functions  of  the  gut;  and 
in  order  to  compare  these  features  with 
the  actions,  it  is  well  to  review  the  intes- 
tinal motility.  In  general  there  are  three 
essential  forms  of  motility;  rhythmic  seg- 
mentation in  the  small  intestine,  peristalsis 


Fig.  8.  A  diagram  of  the  intestines  illustrating  the  three 
most  essential  forms  of  motility:  rhythmic  seg- 
mentation in  the  small  gut,  peristalsis  and  anti- 
peristalsis  in  the  proximal  eolon  and  haustral 
segmentation  in  the  distill  colon. 

and  ;intiperistalsis  in  the  proxim;iI  colon, 
and  haustral  churning  or  segmentation  in 
the  distal  colon.  These  functions  are 
shown  diagrammatically  in  Figure  8.  The 
action  of  the  small  intestine  need  not  be 
t;iken  into  consideration,  as  it  probably 
does  not  iniluence  the  form  of  the  feces. 
On  the   other    hand,    after    the   soft     and 
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pultaceous  material  has  been  kneaded 
back  and  forth  in  the  proximal  colon,  it 
is  formed  into  discrete  masses  by  the 
action  of  a  series  of  constricting  rings  in 
the  intermediate  colon,  as  shown  in 
Figure  9.  Then  these  small  masses  or  units 
are  evidently  a  sign  that  the  ingested 
material  has  completed  peristalsis  and 
antiperistalsis  in  the  proximal  colon.  In 
the  distal  colon  the  units  travel  slowly 
onward  by  the  movement  of  Fischl  and 
Porges,  but  are  once  more  acted  on  by 
constrictions  of  the  gut  in  haustral  churn- 
ing or  segmentation.  Case'  says  this 
process  is  similar  to  rhythmic  segmenta- 
tion; and  so  the  marks  or  lines  shown  on 
the  units  and  specimens  formed  with 
marks  are  evidently  due  to  this  function. 
Accordingly  the  significance  of  the  forms 
of  the  feces  without  doubt  is  thus;  the 
unit  form  of  the  feces  is  an  indication 
that  the  intestinal  contents  have  com- 
pleted the  three  essential  forms  of  motility 
of  the  gut;  the  one  formed  with  marks  is 
an  indication  of  rhythmic  and  haustral 
segmentation.  Such  a  contention  is  not 
only  borne  out  by  figures  on  the  intestinal 
rate,  but  also  by  success  in  the  treatment 
of  cases.  Specimens  formed  with  marks 
will  appear  after  a  while  if  the  patient 
follows  directions;  but  the  unit  form  of 
the  feces  requires  long-continued  and 
exacting  efforts  to  produce. 

Is  it  possible  to  consider  the  significance 
of  the  feces  further,  and  call  one  normal, 
and  the  others  abnormal?  The  soft  and 
formless  dejection  is  a  common  type.  On 
the  other  hand,  the  unit  form  of  the  feces 
is  in  the  first  place  similar  to  the  normal 
form  of  the  higher  animals.  In  the  second 
place  it  conforms  to  the  physiology  of  the 
gut;  and  in  the  third  place  the  requirements 
necessary  to  produce  it  are  exacting,  and 
when  not  fulfilled  the  stool  changes  to  a 
soft  and  formless  condition,  as  shown  in 
Figure  6.  Finally,  individuals  found  regu- 
larly on  a  unit  basis  are  unusually  healthy, 
and  those  changed  to  this  basis  by  treat- 
ment— without  the  aid  of  any  other 
measures — have  improved  in  health,  and 
been  relieved  of  very  resistant  forms  of 
eczema  and  psoriasis.  Therefore  it  is 
dilTicult  not  to  say  that  the  unit  form  of 
the  feces  is  normal;  and  that  the  intestinal 


rate  of  about  sixty  and  one  hundred  and 
thirty-four  hours  always  accompanying 
this  form,  is  normal.  In  this  way  the  form 
of  the  feces  afiords  a  \ery  detinite  and 
immutable  means  of  determining  two 
heretofore  unrecognized  conditions  of  the 
body.  One  is  intestinal  indigestion  as 
determined  by  the  soft  and  formless  stool. 
Such  a  condition  is  always  associated  with 
malnutrition  and  may  be  with  an  excessive 
or  peculiar  putrefaction  of  the  intestinal 


Fig.  9.  A  roentgenogram  by  Dr.  James  T.  Case  taken 
fifty  hours  after  the  ingestion  of  a  barium  meal,  and 
showing  a  disposition  of  the  colonic  contents  similar 
to  the  previous  diagram. 

contents;  and  these  factors  may  be  the 
cause  of  secondary  conditions  of  disease. 
The  other  is  an  impro\'ed  state  of  well- 
being,  as  determined  by  the  unit  form  ot 
the  feces.  In  this  condition  the  individual 
evidently  receives  the  nourishment  in 
amount  and  kind  that  should  be  obtained 
from  the  food;  and  to  keep  on  such  a  basis 
should  prevent  some  secondary  conditions 
of  disease,  in  the  maintenance  of  a  harmo- 
nious and  healthy  body. 

In  conclusion,  "it  is  evident  that  there  is 
a  definite  relation  between  the  time  taken 
by  the  aliment  to  pass  through  the  gastro- 
intestinal tract  and  the  form  of  the  feces. 
For  stools  having  an  initial  rate  of  fourteen 
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hours  and  a  iinal  rate  of  sixty-two  hours 
are  soft  and  formless;  those  with  a  rate 
of  twenty-five  and  ninety-seven  hours  are 
formed  with  marks,  and  those  at  about 
sixty-two  and  one  hundred  and  thirty-four 
hours  are  entirely  composed  of  units. 
Then  accelerated  and  retarded  rates  are 
associated  with  stools  of  distinctive 
features.  Again  these  rates  and  features 
of  the  feces  evidently  bear  some  relation 
to  the  intestinal  functions  in  operation; 
and  as  one  entirely  composed  of  units  is 
similar  to  the  normal  form  of  the  higher 
animals;  as  it  conforms  to  the  physiology 
of  the  gut;  as  the  requirements  necessary 
to  produce  it  are  exacting  and  when  not 
fulfilled  it  changes  to  a  soft  and  formless 
mass;  and  finally,  as  certain  patients, 
changed  by  a  course  of  treatment  from 
dejecting  a  soft  and  formless  stool  to  one 
entirely  composed  of  units,  become  relieved 
of  some  very  resistant  forms  of  disease;  it 


is  diflicult  not  to  say  that  the  unit  form  of 
the  feces  is  normal.  Accordingly  the  form 
of  the  feces  affords  a  means  of  determining 
two  heretofore  unrecognized  conditions  of 
the  body;  one  is  intestinal  indigestion  with 
soft  and  formless  stools;  the  other  is  an 
improved  state  of  well-being  with  fecal 
units  and  an  intestinal  rate  of  about 
sixty-two  and  one  hundred  and  thirty-four 
hours  always  accompanying  this  form. 
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A  BUCKY  DIAPHRAGM  WITH  WIDE  SLITS 


BY    W.    L.    SNIDER,    M.D. 

HOT    SPRINGS,    ARKANSAS 


MR.  R.  B.  WILSEY,  in  a  recent  article 
on  the  Bucky  diaphragm,  has  demon- 
strated that  the  efficiency  of  the  diaphragm 


Fir,.  I.  1  lie  {;nd  witli  the  screen  removed. 

depends  entirely  upon  the  ratio  of  tiic 
width  to  the  depth  of  the  slits,  but  not 
upon     their    actual    size.    Also    that    the 


definition  obtainable  with  the  diaphragm 
depends  chiefly  upon  the  distance  between 
the  object  and  the  film.  Therefore,  to 
conserve  detail  the  grid  must  be  kept  as 
thin  as  possible,  which  necessarily  limits 
the  size  of  the  slits. 

It  is  well  known  that  definition  is 
impro^■ed  as  you  increase  the  distance 
between  the  plate  and  the  target,  espe- 
cially for  objects  somewhat  distant  from 
the  plate. 

By  using  a  plate-target  distance  of  ~  ft., 
a  grid  consisting  of  slits  i  in.  wide  and  4  in. 
deep  ma\'  be  used  without  any  loss  of 
detail. 

Such  a  grid  may  be  made  stationary,  as 
the  opaque  plates  are  so  far  apart  that 
their  shadows  do  not  interfere  with  vision. 

This  grid  was  devised  to  assist  in  making 
fluoroscopic  examination  of  the  heart  and 
vessels.  Working  at  -  ft.,  natural-size 
tracings  may  be  made  directly  on  the 
screen. 

The  opaque  plates  are  made  of  i8-gauge 
sheet  iron,  as  tliey  arc  stifi'  enough  to  stay 
in  i^lace  without  inter\cning  material  to 
support   them. 


REPORT  OF  THREE  UNUSUAL  ABDOMINAL  CASES* 


BY    CARL    H.    PARKER,    iM.D. 


PASADENA,    CALIIOKMA 


''I^HE  first  case  is  a  mesenteric  cyst  with 
J-  the  rather  unique  feature  that  it  casts 
a  very  definite  shadow  on  the  .v-ray  plate, 
thus  making  a  pre-operative  diagnosis 
possible. 

In  practically  all  of  the  previously 
reported  cases  of  mesenteric  cyst,  it  was 
only  at  the  time  of  operation  or  autopsy 
that  the  diagnosis  was  made  with  any 
degree  of  assurance.  Most  of  the  cases 
come  to  the  attention  of  the  surgeon  either 
because  of  an  acute  intestinal  obstruction 
simulating,  in  many  instances,  an  intus- 
susception in  a  child,  or  as  instances  of 
abdominal  mass,  without  features  that  are 
sufficiently  characteristic  to  make  pre- 
operative diagnosis  certain.  In  several  of 
the  reported  cases,  roentgenological  exami- 
nation has  been  of  little  or  no  assistance, 
because  the  cyst  contents  did  not  cast  a 
shadow  differentiating  the  cyst  from  sur- 
rounding structures  outside  the  bowel. 
Fortunately,  in  this  instance,  the  cyst 
shadow  was  very  easily  seen. 

I  wish  briefly  to  review  the  four  diflerent 
ways  in  which  mesenteric  cysts  are  thought 
to  arise.  They  are  all  the  result  of  embry- 
onic accidents,  but  these  accidents  may 
be  of  different  kinds: 

1.  Cysts  developing  in  misplaced  struc- 
tures derived  from  retroperitoneal 
organs. 

(a)  Germinal    epithelium 

(b)  Ovarv 

(c)  Wolffian  body 

(d)  Mullerian  duct. 

2.  Dermoid  cysts. 

3.  Cysts  of  intestinal  origin. 

{a)   By  sequestration  from  the  bowel 

during  development. 
(6)    From      Meckel's      diverticulum, 

when    it   arises    from  the  con\ex 

side  of  the  bowel. 

4.  A  fourth  cause  has  been  suggested 
because  of  the  chylous  character  of 
the  cyst  contents  in  many  cases,  i.e., 
that  the  cyst  develops  from  one  of 
the  primary  lymphatic  sacs  which  are 
the  embryonic  beginnings  of  the 
entire  lymphatic  system. 


In  support  of  the  idea  that  some  mesen- 
teric cysts  are  of  intestinal  origin  is  the 
observation  of  Lewis  and  Thyng:  "There 
is  a  regular  occurrence  of  intestinal  divertic- 
ula, especially  in  the  upper  part  of  the 
small  bowels,  in  the  embryos  of  the  pig, 
the  rabbit  and  man."  Quoting  further: 
"Such  a  diverticulum,  growing  down  be- 
tween the  layers  of  the  mesentery  and 
then  becoming  sequestrated,  might  easily 
be  the  basis  of  a  mesenteric  cyst,  or  persist 
as  one  of  the  diverticula  seen  in  adult  life." 

If  these  theories  represent  facts,  then 
the  3  cases  I  wish  to  present  are  all 
instances  of  embryonic  accident,  and  are 
therefore  related,  although  widely  different 
in  their  manifestations  clinically: 

1 .  A  case  of  mesenteric  cyst. 

2.  A  case  of  patent  omphalomesenteric 
duct. 

3.  A  case  of  diverticulum  of  the  small 
bowel  arising  at  the  junction  of  the 
duodenum  and  jejunum. 

Case  I.     Male,  aged  four  years. 

Clinical  History.  Three  weeks  ago  the 
patient  ate  some  green  plums,  which 
upset  his  digestion  for  a  few  days.  He 
^'omIted  after  castor-oil,  had  some  fever 
and  felt  "dumpy."  Since  he  recovered 
from  that  trouble  he  has  been  apparently 
well.  Two  years  ago  he  had  a  similar 
attack,  at  which  time  the  physician.  Dr. 
Ball,  discovered  a  mass  in  the  abdomen, 
close  to  the  navel,  about  the  size  of  a  big 
walnut.  That  mass  is  still  present.  It  feels 
smooth  and  firm,  and  can  be  moved  about 
through  a  diameter  of  a  couple  of  inches, 
although  it  feels  as  though  it  werej fairly 
well  fixed  at  the  base  to  the  mesentery,  or 
some  such  structure.  It  is  now,  in  the 
father's  opinion,  not  quite  so  prominent 
as  it  was  two  years  ago,  because  then  a 
localized  enlargement  of  the  abdomen 
could  be  seen.  At  no  time  has  the  boy  had 
any  serious  illness.  He  has  had  no  accident, 
and  does  not  complain  of  pain  or  tenderness 
in  the  epigastric  region.  He  has  palpable 
glands  in  both  cervical  regions,  one  or  two 
under  each  arm,  and  a  few  in  each  groin. 
His  color  is  good.  He  has  gained  well  in 
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weight,  height  and  strength.  He  has  five 
brothers  and  sisters,  all  of  whom  are  well. 
Parents  are  well,  and  have  not  been  sick 
since  he  was  born.  He  has  lived  all  his 
four  years  in  Los  Angeles  County.  The 
examination  is  made  to  determine  the 
character  of  the  mass  within  the  abdomen. 
The  boy  is  apparently  perfectly  well  and 
free  from  all  symptoms  which  might  fairly 
be  attributed  to  the  mass. 

Radiographic  Findings.  Plates  were 
made  of  the  abdomen  prior  to  the  admin- 
istration of  the  opacjue  meal.  In  these 
plates  two  abnormal  shadows  are  noted. 


The  mass  lies  below  and  not  attached 
to  the  stomach.  As  the  meal  passed  through 
the  small  intestine,  there  was  no  evidence 
of  obstruction,  and  the  intestinal  coils 
surround  the  mass  as  though  they  were 
displaced  by  the  mass  itself.  The  mass  is  in 
close  relation  to  the  right  half  of  the  trans- 
\erse  colon.  It  can  be  readily  pushed  away 
from  the  cecum,  but  when  pressure  is 
made  on  the  upper  portion  of  the  mass 
in  an  effort  to  displace  it  downward,  one 
point  of  the  transverse  colon  is  adherent 
at  one  point  to  the  mass.  It  is  evidently 
not   obstructing  the  passage  of  the   food 


Im(;.  I.  \Usfntt  ric  c-\st  before  the 
administration  of  barium.  The 
metal  markers  outlined  the  large 
cyst  with  the  patient  on  his  back. 
The  movability  of  the  cyst  is  indi- 
cated by  the  change  in  position, 
as  shown  in  the  illustration  with 
the  patient  prone. 


The  larger  is  nearly  circular,  and  4  cm.  in 
diameter.  The  smaller  is  elliptical,  25  X 
18  mm.  in  size.  Both  of  these  shadows 
present  a  density  which  is  comparable  to 
the  bone  of  the  transverse  processes  of  the 
lumbar  vertebrae.  The  density  is  not 
uniform.  On  the  larger  of  the  two  shadows 
there  is  a  circular  outline  that  suggests  a 
nubbin.  Takmg  plates  prone  and  supine, 
the  prone  position  gives  much  the  clearer 
plate,  which  is  evidence  that  the  mass  lies 
to  the  front,  where  it  seems,  on  palpation, 
to  be  just  withui  the  abdominal  ca\it\'. 
The  opac|ue  meal,  of  sweet  milk  and 
barium,  was  administered.  No  abnormaiitx' 
or  defect  of  the  stomach  could  be  detected. 


Fig.  2.  Mesenteric  cyst.  Stoniacli 
outlined  b\    barium  me:il. 


bic.  3.  Mesenteric  cyst.  Colon  out- 
lined b>'  meal.  The  cyst  was  made 
more  distinct  by  palpation  during 
the  making  of  the  plate. 


content  through  the  bowel.  In  the  lateral 
\iew  the  mass  shows  with  its  posterior 
border  about  in  line  with  the  front  of  the 
vertebral  bodies.  The  appendix  shows 
filled  with  barium,  but  it  is  not  lixed  or 
tender. 

The  interpretation  of  the  findings  is  as 
follows:  The  circular  shape  is  evidence 
that  we  are  dealing  with  a  cystic  growth. 
It  is  movable.  An  apparent  posterior 
attachment  shows  a  relationship  to  the 
mesentery.  The  regular  borders  and  the 
large  size  of  the  greater  of  the  two  masses, 
the  lack  of  fixation  and  the  uniform 
density  are  evidence  against  these  shad(n\s 
beine  due  to  mesenteric  elands. 
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Radiographic  Diagnosis.  Mesenteric 
cyst. 

Operative  Findings.  Operation  by  Dr. 
J.  H.  Breyer.  At  operation  a  multilocular 
cyst  of  the  mesentery  of  the  small  intestine 
was  found.  It  was  not  adjacent  to  the 
bowel,  but  was  completely  surrounded  by 
the  layers  of  mesentery.  The  contents 
closely  resembled  sebaceous  material, 
though  no  analysis  of  the  contents  was 
made.  No  calcification  was  present.  The 
cyst  was  enucleated,  and  the  patient  made 
an  unc\'cntiul  recovery. 


livered  three  weeks  ago  in  normal  manner. 
When  the  cord  separated,  a  few  days  later, 
small  amounts  of  fecal  material  began  to 
escape  from  the  umbilical  stump.  There 
has  been  a  protrusion  looking  like  everted 


in.    in    length    from   the 
?1I   on 


bowel   about 

umbilicus.   The   baby   is   gaming  wei 

breast  milk. 

Radiographic  Findings.  A  meal  of 
barium  and  breast  milk  was  administered, 
but  this  passed  through  the  intestinal 
tract  without  our  being  able  to  differentiate 
the  abnormal  loop  from  the  other  intestinal 


Fig.  4.  Patent  omphalomesenteric  duct.  The  barium  has 
been  injected  through  the  opening  at  the  umbilicus. 
The  barium  appeared  to  enter  a  normal  coil  of  small 
intestine  immediately  below  the  umbilicus. 

Postoperative  Pathological  Report.  "  Ex- 
amination of  the  cyst  and  lymph-node 
removed  has  been  made  with  the 
following  results:  The  lymph-node  shows 
simply  an  inflammatory  hyperplasia.  The 
cyst  is  made  up  of  very  dense,  coarse 
fibrous  tissue  with  a  slight  amount  of 
granulation  tissue  on  the  inner  surface. 
In  this  granulation  tissue  was  found  a  large 
amount  of  blood  corpuscles  and  a  con- 
siderable amount  of  altered  blood  pig- 
ment, so  there  must  have  been  considerable 
hemorrhage  into  the  cyst  before  operation. 
There  was  nothing  to  indicate  the  nature 
of  the  processes  to  cause  a  cvst."  Dr.  S.  P. 
Black. 

Case    II.     Infant,    aged    three    weeks. 

Clinical  History.     This  patient  was  de- 


FiG  5.  Patent  omphalomesenteric  duct.  The  injected 
material  has  passed  into  the  large  bowel.  Barium  is 
still  to  be  seen  in  the  duct  as  it  passes  through  the 
abdommal  wall. 

coils.  Accordingly,  a  barium  mixture  was 
gently  injected  through  the  umbilical 
opening.  Figure  4  shows  where  the  barium 
passed  into  the  distended  loops  of  intes- 
tine. The  part  of  the  bowel  filled  by  the 
barium  would  appear  to  be  the  mid-portion 
of  the  small  intestine,  as  shown  by  the 
barium  mass  and  the  position  in  the 
abdomen.  The  omphalomesenteric  duct  or 
patent  Meckel's  diverticulum  leading  from 
the  umbilicus  to  the  bowel  could  not  be 
identified  because  the  barium  appeared  to 
enter  the  small  intestine  immediately 
below  the  abdominal  wall.  Figure  5  shows 
the  condition  several  hours  later,  with 
the  injected  material  principally  in  the 
large  intestine,  and  a  small  amount  of 
barium  in  the  abnormal  loop.  This  case  has 
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not  been  operated  upon,  hence  further 
findings  are  not  available. 

Case  III.     Male,  aged  fifty-two,  miner. 

Clinical  History.  A  di\erticulum  of  the 
small  intestine  at  the  junction  of  the 
duodenum  and  jejunum  is  worthj-  of 
report  because  of  the  difficulty  that  was 
encountered  in  differentiating  the  diver- 
ticulum from  a  ruptured  gastric  ulcer  with 
an  accessory  pocket.  The  patient  was 
referred  for  examination  principally  be- 
cause of  a  very  severe  persistent  asthma, 
which  had  been  present  for  approxi- 
mately three  years.  His  history,  so  far  as  it 


case  he  was  forced  to  eat  what  was  handy. 
He  has  been  a  periodical  drinker.  After  a 
week  or  two  of  drinking  he  would  have  a 
bad  stomach,  but,  he  stated,  no  worse 
than  it  has  been  at  other  times.  No  clear 
account  of  relief  by  food  taking  or  other 
trouble  characteristic  of  ulcer  of  the 
stomach  could  be  obtained. 

Radiographic  Findings.  The  barium  meal 
passed  into  the  stomach  without  evidence 
of  obstruction.  Only  a  few  swallows  of 
barium  had  been  taken  when  the  screen 
was  centered  over  the  stomach  and  the 
patient  was  instructed  to  drink  the  rest  of 


Fig.  6.  Diverticulum  of  the  third  portion  ol'  tlie 
duodenum.  Tracing  of  stomach  and  diverticulum 
filled  with  barium,  patient  erect.  The  fluid  level  in 
the  stomach  is  above  that  in  the  diverticulum. 

relates  to  the  digestive  tract,  was  as 
follows:  He  has  had  more  or  less  trouble 
with  his  digestion  ever  since  he  can 
remember,  in  the  way  of  constipation. 
He  has  had  an  inadequate  movement  about 
every  day,  and  every  few  days  was  obliged 
to  take  a  pill  or  an  enema  in  order  to  clear 
himself  out.  When  his  bowels  were  "tied 
up"  he  would  frequently  vomit  bile,  have 
a  sour  stomach  and  a  lot  of  gas.  He  has 
never  thrown  up  blood  or  passed  blood  by 
bowel,  that  he  recognized.  He  has  had  no 
particular  pam  or  soreness  in  the  abdomen, 
and  never  has  thrown  up  food  remnants 
taken  hours  previously.  He  has  been  in 
mining  camps  for  years,  where  he  has  lived 
cither  in  eating-houses  or  alone.  In  either 


Fig.  7.  Diverticulum  of  the  third  portion  of  the  duo- 
denum. Made  one  hour  after  administration  of  the 
barium.  The  fluid  level  in  the  diverticulum  is  now  well 
above  that  in  the  stomach.  Patient  erect. 

the  buttermilk.  As  the  meal  began  to  fill 
the  stomach  and  distend  the  antrum,  it 
was  noted  that  the  stream  coming  down 
the  lesser  cur\ature  de\iated  somewhat 
to  the  left  an  inch  or  two  below  the  cardia, 
while  the  apparent  outline  of  the  stomach 
extended  too  far  to  the  right  at  this  point. 
Directly  opposite  on  the  greater  cur\ature 
was  a  deep  incisura  of  spasm  that  could  be 
relaxed  for  a  few  seconds  by  pressure  and. 
then  recurred.  On  the  lesser  curvature  side 
and  behind  there  seemed  to  be  a  pouch 
of  the  size  of  an  egg,  N\hich  filled  about 
one-half  with  barium  and  showed  a  distinct 
fluid  level  topped  by  a  gas-bubble.  The 
main  part  of  the  meal  showed  the  usual 
gas-bubble  at  a  much  hiuhcr  lo\el  toward 
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the  cardia,  and  as  digestion  and  emptying 
of  the  stomach  progressed,  at  a  much 
lower  le\el  than  that  of  the  pouch.  Figure 
6  shows  the  appearance  that  was  noted 
immediately  after  the  taking  of  the  meal, 
with  the  patient  in  the  erect  posture.  The 
fluid  level  of  the  stomach  is  seen  distinctly 
abo^"e  the  fluid  level  in  the  pouch,  which 
is  about  half  full.  By  making  pressure  with 
the  hand  the  pouch  half  full  of  barium 
could  be  outlined  as  entirely  distinct  from 
the  rest  of  the  stomach,  but  no  connection 
between  the  stomach  and  the  pouch  could 
be  demonstrated.  In  the  prone  position,  the 


Fig.  8.  Diverticulum  of  the  third  portion  of  the  duo- 
denum. Tracing  of  plate  made  at  twelve  hours.  The 
meal  is  in  the  large  intestine  while  the  diverticulum 
still  contains  some  barium. 

pouch  appeared  as  a  protrusion  on  the 
lesser  curvature  side,  but  not  distinct  from 
the  rest  of  the  stomach.  No  tenderness 
was  elicited  by  pressure.  The  meal  began  to 
pass  through  the  pylorus  immediately,  and 
so  far  as  could  be  noted  the  pyloric  region 
and  cap  were  not  involved.  In  Figure  7 
it  will  be  noted  that  a  considerable  amount 
of  barium  has  passed  through  into  the 
small  intestine,  that  the  pouch  is  about 
one-fourth  full,  and  that  it  presents  a 
distinct  fluid  level  well  above  and  separate 
from  the  fluid  level  in  the  main  portion  of 
the  stomach.  In  Figure  8,  made  at  twelve 
hours,  the  bulk  of  the  meal  was  seen  in  the 
large  intestine.  Considerable  residue  was 
still  present  in  the  pouch.  Below  the 
stomach  no  evidence  of  pathology  was 
encountered  in  either  small  or  large  intes- 
tine, as  the  meal  passed  through.  On  May 
2 1st,   several  days  after  the  other  inspec- 


tion, a  second  meal  was  administered. 
Barium  water  was  given  first,  then  the 
usual  buttermilk  mixture,  and  \\ith  neither 
was  there  an  immediate  filling  of  the  pouch. 
A  decided  spasm  was  present  at  first, 
holding  the  meal  in  the  cardiac  portion  of 
the  stomach,  but  soon  a  relaxation  allowed 
the  meal  to  fill  the  antrum.  A  plate  made 
at  this  time  showed  a  perfectly  normal 
stomach  outline.  By  pressure  to  the  right 
and  slightly  upward,  the  pouch  was  partly 
filled,  and  appearances  exactly  duplicating 
that  found  at  the  first  meal  were  noted. 
Three  and  a  half  hours  after  this  meal  the 
body  of  the  stomach  was  almost  entirely 
empty,  but  the  pouch  contained  a  residue 
2I2  in.  in  diameter.  At  six  hours  the 
stomach  was  empty,  and  a  barium  shadow 
an  inch  across  persisted  at  the  site  of  the 
diverticulum. 

An  examination  of  the  chest  shows 
marked  thickening  of  both  hilus  regions, 
but  no  shadow  indicating  pathological 
processes  in  the  parenchyma  of  the  lung. 
Films  of  the  few  remaining  teeth  in  the 
lower  jaw  are  negative  for  abscess,  but 
present  evidence  of  a  considerable  absorp- 
tion of  bone  at  the  alveolar  margin,  due  to 
a  pyorrhea  process. 

Radiographic  Diagnosis.  Ulcer  of  the 
stomach  with  accessory  pocket  posterior 
to  the  stomach. 

Further  History.  At  operation  a  few 
weeks  later,  when  the  stomach  was  exposed, 
both  the  anterior  and  posterior  walls  of  the 
stomach  were  carefully  inspected,  and  no 
appearance  indicative  of  pathology  could 
be  discovered.  A  careful  search  of  the 
duodenum  at  first  revealed  nothing  unusual. 
However,  traction  on  the  jejunum  brought 
down  a  diverticulum,  which  extended 
upward  and  to  the  right  from  the 
bowel  just  where  the  duodenum  emerges 
to  form  the  jejunum.  This  diverticulum 
was  of  approximately  the  same  caliber  as 
the  jejunum.  It  was  about  4  in.  in  length, 
and  left  the  small  bowel  at  approximately 
a  right  angle.  The  stoma  was  of  the  same 
caliber  as  the  rest  of  the  diverticulum.  No 
inflammation  was  noted  about  the  di\'ertic- 
ulum,  which  was  entirely  surrounded  by 
peritoneum,  so  that  it  was  easily  clamped 
and  removed  in  much  the  manner  that  is 
ordinarily  used  in  disposing  of  an  appendix. 
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The  patient  made  an  uneventful  recovery 
from  the  operation.  Since  that  time  he  has 
returned  to  the  desert,  and  in  spite  of 
repeated  efforts  to  learn  of  his  condition,  no 
repHes  have  been  returned.  No  data  is 
available  as  to  the  effect  of  the  remowal  on 
either  his  digestion  or  his  asthma. 

This  case  was  of  particuhir  interest 
because  it  so  clearly  simulated  the  findings 
seen  in  perforating  ulcer  of  the  lesser 
cur\ature  or  posterior  wall  of  the  stomach 


with  accessory  pocket.  I  believe  that  had 
I  been  alert  to  the  possibility  of  encounter- 
ing a  di\erticulum  in  this  location,  a 
correct  diagnosis  could  have  been  made  by 
roentgen  examination.  It  is  also  interesting 
to  note  that  the  diverticulum  was  hidden 
beneath  the  superior  mesenteric  fold,  and 
was  found  during  the  surgical  exploration 
only  after  the  most  careful  examination  of 
this  region,  in  an  effort  to  explain  the 
roentgenographic    findings. 


LOCALIZATION  OF  BRAIN  TUiMORS  BY  CEREBRAL 

PNEUMOGRAPHY* 

BY   WALTER    DANDY,    M.D. 

BALTIMORE,    MARYLAND 

''I'^HE    results    in    surgery    of  the   brain, 


JL  as  indeed  in  all  branches  of  surgery, 
have  been  greatly  modified  by  inadequate 
and  inaccurate  knowledge  of  the  situation, 
as  well  as  by  the  character  of  the  lesion. 
It  is  doubtless  known  to  all  of  you  that 
tumors  of  the  brain  are  exceedingly 
difficult  to  localize.  Usually  we  may  say 
with  a  fair  degree  of  assurance  that  the 
patient  has  a  tumor  of  the  brain,  but  the 
localization  of  the  tumor  requires  all 
the  resources  at  our  command.  The  great 
silent  areas  of  the  brain — silent  because 
we  do  not  yet  know  their  function — harbor 
these  growths  of  tremendous  size  and 
give  to  the  host  no  indication  of  their 
situation  by  signs  or  symptoms. 

The  roentgen  ray  has  now  become  our 
assistant  and  it  Is  also  our  greatest  detec- 
tive. With  Its  aid,  I  should  say  practically 
all  brain  tumors  should  be  located.  A 
considerable  portion  of  them  (as  a 
guess  probably  15  to  20  per  cent)  can  be 
located  solely  by  shadows  which  the  tumors 
cast,  by  virtue  of  calcification  and  also 
by  the  destructi\e  effects  upon  various 
parts  of  the  skull.  In  other  cases  the  evi- 
dence, while  not  pathognomonic,  is  helpful 
and  corroborative.  With  these  results, 
however,  you  are  all  thoroughly  familiar. 
In  at  least  35  per  cent  of  brain  tumors 
the  iniection  of  air  into  the  \entriclcs  of 
the  brain  aids  tremendously  the  function 
of  the  .v-ray,  and  by  its  usage  we  can 
locate    the    remaining    group    of   tumors 


which  cannot  be  located  in  other  ways 
It  Is  the  results  in  this  particular  group — 
about  35  per  cent — which  I  wish  to  bring 
before  you. 

For  this  procedure  air  Is  substituted 
for  cerebrospinal  fluid;  that  is,  fluid  Is 
withdrawn  from  the  cavities  of  the  brain 
and  air  Is  substituted,  thereby  changing 
the  density  of  certain  parts  of  the  cranial 
chamber.  To  do  this,  fluid  is  withdrawn 
from  a  lateral  ventricle  and  air  Injected 
In  equal  amount.  The  air  casts  a  shadow 
In  precisely  the  same  way  as  opaque 
media  produce  shadows  in  the  genito- 
urinary or  the  gastrointestinal  tracts, 
shadows  being  of  course  due  to  differences 
in  density.  From  the  changes  which  are 
found  by  contrast  with  the  normal  cerebral 
\entricle  in  size,  shape  and  position, 
we  are  able  to  deduce  the  situation  of 
the  tumor;  for  all  tumors  which  give 
signs  of  intracranial  pressure  will  produce 
some  change  In  the  shape,  size  or  position 
of  one  or  more  of  the  ^  entricles.  By  that 
I  do  not  mean  that  all  brain  tumors 
distort  or  change  the  size,  shape  and  posi- 
tion of  the  \entriclcs,  but  that  all  brain 
tumors  which  gh'e  symptoms  of  pressure 
produce  one  or  more  of  these  changes, 
which  should  make  a  diagnosis  possible. 

Brain  tumors  gi\e  rise  to  two  types  of 
signs  or  sMuptoms:  (i)  those  of  localizing 
character,  (2)  those  of  general  pressure. 
If  the  patient  has  localizing  manifestations, 
the    localization    of   the    tumor   Is    made 
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without  the  use  of  the  .\-ray  or  without 
the  use  of  air  injection.  If  there  are  no 
localizing  symptoms,  the  only  other  symp- 
toms which  the  patient  can  have  are  those 
of  pressure.  Therefore,  it  can  be  said  that 
practically  all  brain  tumors  ivhich  give 
sxmptunis  can  be  localized,  either  by  the 
localizing  symptoms  or  by  the  use 
of  the  .v-ray  with  or  without  the  injection 
of  air. 

To  Dr.  Baetjer  is  due  a  large  share  in 
the  credit  of  developing  this  procedure. 
He  has  always  been  most  eager  and  willing 
to  clarify  the  difficulties  and  I  feel  that 
without  him  we  would  ha\e  had  a  ^'ery 
difficult  course  to  pursue. 

We  have  seen  tumors  of  the  frontal, 
temporal,  parietal  and  occipital  lobes; 
tumors  in  the  ventricles;  tumors  in  the 
cerebellum  and  brain  stem. 

There  is  one  group  of  tumors  in  which 
the  use  of  air  is  less  absolute.  This  is 
the  group  which  gives  a  bilateral  hydro- 
cephalus and  in  which  two  lateral  ventricles 
communicate  freely.  AH  we  can  say  from 
the  ventriculograms  is  that  we  have  a 
lesion  between  the  aqueduct  of  Sylvius 
and  the  foramen  of  Magendie,  but  with 
very  few  exceptions  this  is  sulTicient 
information  to  allow  us  to  find  the  tumor 
at  operation.  If  we  know  that  a  patient 
has  hydrocephalus,  then  we  should  be 
able  to  find  the  tumor  at  operation;  that 
is,  the  operations  which  we  now  have  are 
adequate  to  find  practically  any  tumor. 

Just  a  word  as  to  the  procedure.  It  is 
very  dangerous.  There  has  been  a  tre- 
mendous mortality  from  its  use.  Howe\er, 
if  judiciously  used  and  only  by  one 
thoroughly  skilled  in  intracranial  surgery, 
the  danger  is  minimal.  I  had  three  deaths 
at  the  beginning  of  my  series.  Since  then, 
I  ha\e  had  none.  If  properly  handled, 
it  should  carry  very  little  danger  to  the 
individual;  and  certainly  the  danger  in 
proper  hands  is  small  compared  to  the 
dangers  attending  cranial  operations  based 
upon  guesswork. 

In  the  treatment  of  brain  tumors,  as  in 
surgery  elsewhere,  we  must  have  an 
accurate  diagnosis  and  a  precise  localiza- 
tion. If  we  do  not  have  these,  our  surgery 
is  bound  to  suffer.  The  treatment  of  brain 
tumors  particularly  calls  tor  very  formid- 


able   procedures,    which    should    not    be 
misplaced. 

There  are  many  pitfalls  in  interpretation 
of  .v-ray  findings.  It  is  certainly  not  a 
simple  foolproof  interpretation;  it  requires 
much  experience.  We  have  made  mistakes 
in  our  interpretation  and  it  is  only  as  our 
experience  widens  that  we  have  attained 
an  assurance  that  the  localization  can  be 
made  with  a  high  degree  of  certainty  and 
precision. 

For  practical  purposes  we  shall  deal 
principally  with  the  ventricular  system. 
You  will  note  the  4  cerebral  ventricles, 
2  lateral  ventricles,  the  3rd  ventricle  and 
the  4th  ventricle.  It  is  also  necessary  to 
understand  the  physiology  of  the  circula- 
tion of  cerebrospinal  fluid.  All  cerebrospinal 
fluid  forms  in  the  ventricles  of  the  brain 
but  does  not  absorb  there.  It  absorbs 
outside  of  the  brain.  For  this  reason, 
if  there  is  a  tumor  blocking  any  part  of  the 
^•entricuIar  system,  there  will  be  a  dilata- 
tion of  the  ventricular  system  ahead  of 
that  obstruction.  If  we  were  to  trace  the 
course  of  a  drop  of  fluid  after  it  forms  in 
the  anteriormost  part  of  the  ventricular 
system  until  its  absorption,  we  would  find 
it  passes  through  the  lateral  ventricle  to 
the  foramen  of  Monro;  if  the  foramen  of 
Monro  is  blocked,  this  entire  lateral 
ventricle  must  distend  because  there  is 
no  other  outlet  for  the  fluid,  exactly 
as  an  obstructed  ureter  causes  distention. 
Continuing  the  normal  journey  of  the  drop 
of  fluid,  it  passes  through  each  foramen  ot 
Monro  into  the  3rd  ventricle,  and  from 
the  3rd  ventricle  there  is  only  one  point  ot 
exit — the  aqueduct  of  Sylvius.  All  fluid 
which  forms  in  both  lateral  ventricles  and 
the  3rd  ventricle  must  pass  through  the 
aqueduct  of  Sylvius.  If,  therefore,  you  have 
a  block  in  the  aqueduct  of  Sylvius,  the 
3rd  and  both  lateral  ventricles  must 
become  distended.  There  is  no  other 
possibility  of  escape  for  this  fluid.  Again 
continuing  the  course  of  this  drop  of 
fluid  through  a  patent  aqueduct  of  Sylvius, 
we  find  that  it  enters  the  4th  ventricle; 
and  leading  from  the  4th  ventricle 
there  are  three  openings,  two  foramina 
of  Luschka  and  one  of  Magendie.  From 
these  the  fluid  pours  into  the  cisterna 
magna,  whence  it  is  distributed  into  the 
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absorbing  spaces  of  the  brain  on  its 
exterior.  The  fluid  passes  downward  into 
the  spinal  canal  and  upward  into  the 
subarachnoid  spaces  which  cover  the  whole 
brain.  If  you  understand  the  absorbing 
parts  of  this  circulatory  system  and 
understand  that  the  fluid  must  reach  them 
to  be  absorbed,  you  can  understand  why 
dilatation  of  the  ventricles  results  from 
tumors;  and  therefore,  when  you  get 
dilatation,  you  can  infer  the  location  of 
the  obstruction  which  causes  it.  The 
location  of  that  obstruction  will,  of  course, 
be  the  location  of  the  tumor. 

In  perspective,  the  ventricular  system 
will  actually  appear.  Each  lateral  \'entricle 
occupies  approximately  the  center  of  a 
cerebral  hemisphere,  and  you  can  see  the 
relative  positions  of  the  foramina  of 
Monro,  the  3rd  ventricle,  the  aqueduct  of 
Sylvius,  the  4th  \'entricle  and  the  foramina 
of  exit  at  the  base  (the  foramina  of  Magen- 
die  and  Luschka).  The  spinal  fluid  in 
the  cerebral  ventricles  has  only  these 
three  outlets  (closely  approximated) 
for  the  escape  of  all  the  cerebrospinal 
fluid. 

For  practical  purposes  the  vast  majority 
of  tumors  are  diagnosed  by  the  effect 
which  the  tumors  ha\^e  on  the  two  lateral 
ventricles.  The  3rd  also  has  an  important 
field,  as  well  as  the  4th,  but  most  are 
localized  through  the  effects  on  the  two 
lateral  ventricles. 

You  can  see  that  if  there  is  a  tumor  in 
the  frontal  lobe,  the  anterior  horn  of  this 
\'entricle  will  be  compressed.  If  that  tumor 
becomes  large  enough  it  will  obliterate 
this  part  of  the  ventricle  and  close  the 
foramen  of  Monro.  If,  then,  air  is  injected 
into  the  ^"entricle,  it  could  not  escape  from 
or  into  this  ventricle  (depending  on  the 
ventricle  injected)  because  the  ventricle 
is  occluded.  Complete  occlusion  of  the 
ventricle  occurs  in  a  large  percentage  of 
tumors  in  this  region.  This,  of  course, 
represents  relatively  late  stages  of  the 
tumor's  growth. 

Obstruction  in  any  point  of  the  \entricle 
will  be  demonstrated  by  the  inability 
of  the  air  to  pass  beyond  it.  An  obstruction 
in  a  ventricle  would  cause  distention  of 
the  \entricle  ahead  of  it  and  would  have 
no  cflVct   upon   tiie  size   of  the   \entricle 


behind  the  tumor.  A  tumor  in  the  4th 
ventricle  would  produce  hydrocephalus 
in  the  same  way,  but  there  would  be  this 
striking  difference:  the  lateral  ventricles 
would  not  communicate  with  each  other. 
The  difTicuIt  region  for  precise  diagnosis 
is  between  the  aqueduct  of  Syhius  and 
the  foramen  of  Magendie. 

To  describe  the  operation  necessary  for 
the  procedure:  A  small  opening  is  made 
on  each  side  of  the  skull.  \\'e  always  make 
two  openings,  one  for  each  lateral  ventricle. 
A  large  tumor  will  often  occlude  one  \"en- 
tricle  so  that  it  cannot  be  reached,  but 
the  other  \entricle  will  usually  be  attain- 
able. The  posterior  opening  is  chosen 
because  this  part  of  the  ventricle  is  largest 
and  easiest  to  reach. 

As  to  the  method  of  injection  of  air,  the 
needle  is  inserted  through  the  skull  open- 
ing into  the  posterior  horn  of  the  ^'entricle. 
Cerebrospinal  fluid  is  aspirated  from  the 
ventricle  and  ejected;  unsterilized  air 
is  aspirated  into  the  syringe  and  forced 
into  the  lateral  ventricle.  An  amount 
of  air  equal  to  the  amount  of  fluid  remo^'ed 
should  be  injected;  by  turning  the  head  in 
the  proper  way  the  air  can  be  shifted  at 
will  to  any  part  ot  the  ventricular  system. 

DISCUSSION 

Dr.  Kerr.  It  is  a  great  pleasure  to  be  here 
tonight  as  your  guest.  I  appreciate  the  oppor- 
tunity not  only  to  be  with  you,  but  also  to 
discuss  Dr.  Dandy's  valuable  paper  on  cerebral 
pneumography. 

Dr.  Dandy  has  given  us  a  \ery  brilliant 
addition  to  cerebral  surgery  in  establishing 
and  proving  the  value  of  air  injection  as  an  aid 
to  the  localization  of  brain  tumors.  As  he  so 
aptly  said,  all  surgery  is  dependent  on  diagnosis; 
and  the  more  exact  and  more  perfect  the 
diagnosis,    the    better   the    resulting    surgery. 

We  all  feel  that  surger\'  of  the  brain  is  just 
on  the  threshold  of  a  brilliant  future.  It  is  by 
the  researches  of  such  exceptional  students  as 
Dr.  Dandy  that  neurosurgery  can  be  improved. 
Step  by  step  the  iiigh  mortality  and  unsatis- 
factory results  can  be  eliminated.  As  in  surgery 
elsewhere,  such  results  demand  early  diagnosis 
— not  a  diagnosis  of  brain  tumor  when  the 
patient  is  blind,  paralyzed  and  helpless,  so 
that  if  a  tumor  is  remo\ed  only  a  useless  life 
is  prolonged,  but  a  diagnosis  which  permits  us 
to  localize  the  lesion  and  remo\e  it  in  the  early 
stages  and   return  our  patient  to  a  useful  lile. 
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Dr.  Dandy's  ventriculography,  as  he  first 
termed  it,  was  given  to  the  profession  some 
years  ago.  Sufficient  time  has  elapsed  to  allow 
an  estimate  of  its  worth.  We  must  decide 
whether  cerebral  pneumography  does  or  does 
not  help  in  the  localization  of  brain  tumor. 
We  have  to  balance  its  -value  against  its 
danger;  we  must  study  its  faults  or  short- 
comings, if  it  has  any,  and  elaborate  on  the 
technique  to  improve  the  results  or  reduce  the 
mortality.  Although  it  is  too  early  for  many 
of  us  to  speak  in  this  way,  because  we  have 
not  had  the  experience  or  developed  the 
skill  of  Dr.  Dandy,  we  can  make  certain 
statements. 

There  is  no  doubt  that  a  certain  proportion 
of  cerebral  tumors  are  not  dehnitely  localized 
by  neurological  studies.  If  cerebral  pneumog- 
raphy will  clear  up  the  diagnosis  in  this  group, 
we  can  then  say  that  all  tumors  are  localizable. 
It  that  true?  In  Dr.  Dandy's  hands  it  is,  but 
in  the  hands  of  other  surgeons  who  do  neuro- 
logical work,  I  do  not  believe  it  is.  I  do  not 
believe  we  ha\^e  reached  the  stage  where  we 
can  localize  by  cerebral  pneumography  all  the 
cases  which  are  not  definitely  localizable  by 
neurological  studies.  There  are  cases  where 
cerebral  pneumography  will  not  give  definite 
localization.  There  are  cases  where  cerebral 
pneumography  may  even  be  misleading.  We 
know  that  there  are  abnormalities  of  the 
ventricles;  that,  particularly  in  the  posterior 
horn,  there  may  be  variations  from  the  nor- 
mal that  may  lead  us  to  an  exploration  that 
proves  negative. 

I  have  had  two  such  cases:  one  in  which 
I  felt  sure  of  the  position  of  the  tumor. 
An  exploration  in  that  region  was  negative. 
In  the  other  case,  I  was  also  misled  by  a 
posterior  horn  defect.  We  now  know  that 
there  are  variations  from  the  normal  that  we 
must  beware  of  and  must  consider  in  localizing 
occipital  lobe  tumors.  In  the  large  tumors 
that  make  gross  deformities  of  the  ventricles, 
the  vast  majority  are  so  gross  that  they  produce 
definite  neurological  symptoms  that  will  sug- 
gest  the  localization  without  pneumography. 

Where  the  localization  is  not  clear-cut  by 
other  studies,  or  where  there  is  a  question 
between  two  possible  sites,  then  cerebral  pneu- 
mography should  prove  out  one  or  the  other 
localization.  In  cases  where  the  lesion  is  small, 
where  it  has  not  grown  to  a  size  to  produce 
gross  deformity  of  the  ventricle,  we  will  not 
get  the  same  definite  and  gross  evidence  as  we 
will  in  the  large  tumors,  if  the  tumor  is  in  the 
so-called  silent  area,  we  may  have  no  neuro- 
logical signs  of  its  location.  It  is  in  these  cases 
that  cerebral  pneumography  may  indicate  a 
successful  exploration  where  we  may  hope  for 


radical  surgery  early  enough  to  return  our 
patient  to  a  useful  life. 

Now  as  to  the  dangers.  In  the  hands  of  other 
neurological  surgeons — again  contrasting  them 
to  Dr.  Dandy — there  is  a  mortality.  This  is 
difficult  to  estimate,  but  from  personal  reports 
It  IS  roughly  somewhere  in  the  neighborhood 
of  3  per  cent.  In  my  experience  the  mortality 
is  higher  in  hydrocephalic  cases.  We  must 
remember  that  when  we  remove  cerebrospinal 
fluid  which  has  been  under  pressure  from  the 
dilated  ventricles  of  hydrocephalus,  pres- 
sure has  been  exerted  on  the  choroid  plexus. 
Just  as  in  the  evacuation  of  any  obstructed 
secreting  gland  in  the  body,  when  the  pressure 
is  removed  the  secretion  is  re-established,  and 
it  perhaps  re-establishes  at  a  relatively  greater 
rate  than  had  occurred  before.  Therefore,  if  we 
remove  the  fluid  from  a  dilated  ventricle  whose 
choroid  plexus  has  been  under  pressure,  and 
replace  it  by  a  much  more  elastic  medium,  air, 
the  choroid  plexus  returns  to  function — perhaps 
increased  function — and  we  have  a  rapidly 
increased  pressure  in  the  dilated  ventricle.  I 
feel  it  is  important,  therefore,  in  these  cases, 
to  remove  the  air  after  the  roentgenograms  have 
been  obtained  and  your  records  made.  One  of 
my  fatal  cases  died,  I  feel  sure,  from  this 
occurrence.  Another  case  showed  marked 
increase  in  pressure  after  a  cerebral  pneumog- 
raphy, but  on  the  removal  of  the  air  came 
around  to  normal  again. 

If  cerebral  pneumography  has  a  mortality 
of  say  3  per  cent  in  the  hands  of  the  average 
neurological  surgeon,  it  must  and  will  undoubt- 
edly have  a  larger  mortality  among  general 
surgeons.  We  must  not  allow  cerebral  pneumog- 
raphy to  suggest  to  the  uninitiated  a  rule  of 
thumb  and  simple  way  of  locating  brain 
tumors.  We  must  warn  of  the  mortality  and  the 
need  of  experience  in  making  as  well  as  inter- 
preting cerebral  pncumograms. 

In  cerebral  pneumography  wc  ha\'e  a  distinct 
addition  to  the  study  of  the  location  of  brain 
tumors.  The  whole  thing  is  a  brilliant 
conception  and  I  feel  the  profession  joins  me 
in  most  hearty  congratulations  to  Dr.  Dandy 
for  his  contribution. 

Dr.  Baetjer.  Dr.  Dandy  was  kind  enough 
to  say  some  very  nice  things  about  the  work 
that  the  X-Ray  Department  has  done,  but  I 
would  like  to  have  it  understood  that  the  entire 
conception  of  this  work  is  his  own.  The  question 
of  position,  the  question  of  filling  the  ventri- 
cles, the  question  of  emptying  the  ventricles 
and  the  various  ways  in  which  the  head  is 
placed  are  entirely  Dr.  Dandy's  ideas.  I  have 
iDcen  fortunate  enough  to  see  the  development 
of  brain  surgery  for  over  a  jieriod  of  twenty 
years,  and  I  realize  how  inadequate  the  x-ray 


6i4 


Localization  of  Brain  Tumors  by  Cerebral   Pneumography 


exanunation,  particularly  in  the  early  days, 
was  in  many  instances  to  give  help  to  the  brain 
surgeon.  I  have  seen  the  development  of  air 
injection  into  the  ventricles  from  the  very 
beginning,  and  there  have  been  a  great  many 
difficulties  to  overcome. 

Dr.  Dandy  has  shown  >ou  some  of  the  plates 
and  has  given  you  the  diagnosis.  One  might  be 
inclined  to  think  that  it  was  a  very  easy  method 
of  examination.  I  have  seen  him  study  these 
plates  by  the  hour,  day  after  day,  before  arriv- 
ing at  any  definite  conclusion,  and  then 
check  up  by  operation.  What  knowledge  I  may 
have  of  the  diagnosis  of  these  conditions  has 
been  entirely  due  to  Dr.  Dandy.  The  accuracy 
of  diagnosis  in  this  particular  line  of  work  is 
increasing  steadily,  and  I  feel  that  with  the 
constant  study  of  these  cases  examined  by  the 
air  method  we  will  come  pretty  close  to  lOO 
per  cent  accuracy.  I  feel  that  Dr.  Dandy's 
work  in  this  particular  line  marks  tremendous 
advance  in  this  most  difficult  line  or  work. 

Dr.  Kennedy.  Dr.  Dandy's  work  is  one  of 
the  best  contributions  that  has  been  made  to 
cerebral  surgery  in  the  last  twenty  years.  I 
think,  however,  that  in  order  to  appraise  it 
properly  we  would  have  to  know  very  defi- 
nitely the  details  of  his  whole  series. 

Dr.  Dandy  said  in  his  address  that  only  50 
per  cent  of  cerebral  tumors  are  localizable. 
That,  I  think,  is  an  underestimate.  It  is  very 
important,  of  course,  to  investigate  cases  of 
brain  tumor  with  the  utmost  exactness, 
because  only  very  frequent  and  thorough 
examinations  will  bring  out  the  small  data 
necessary  to  arrive  at  a  diagnosis.  We  feel  as 
neurologists,  and  the  surgeons  I  am  sure  will 
agree,  that  our  technique  in  pneumography  is 
very  much  behind.  It  has  been  so  much  behind 
that  we  shall  have  to  take  the  matter  very 
gravely.  A  great  many  of  our  pneumographs 
are  but  shadows  chasing  shadows.  W^e  have  not, 
in  the  majority  of  our  cases,  derived  from  them 
the  information  needed.  Dr.  Dandy  says  that 
15  psr  cent  of  tumors  are  localizable  or  dis- 
coverable by  the  .v-ray,  apart  from  pneumog- 
raphy. That  I  thought  was  a  rather  high 
percentage;  and  it  differs,  if  I  remember  rightly-, 
by  10  per  cent  from  Dr.  Dandy's  figures  pub- 
lished in  1918.  At  that  time  I  think  he  said  5 
per  cent,  which  even  then  struck  me  as  a  high 
average,  because  in  my  opinion  the  .\-ray  has 
been  very  unfruitful  as  a  method  of  investi- 
gation of  tumors  apart  from  a  massive  tuber- 
culum  ',\  liich,  of  course,  is  frequently  calcified 
and  throws  a  ver\'  definite  shadow. 

Dr.  Dandy  said  that  by  pneumographs  we 
will  be  able  to  restore  the  entire  balance  of 
those  cases  which  are  undiagnosable  by  neuro- 
logical  examinations.   That    is    rather   a    wide 


statement  and  I  am  sure  that  Dr.  Dandy  does 
not  mean  it  to  be  taken  quite  literally.  As  Dr. 
Kerr  pointed  out,  there  are  natural  abnormal- 
ities in  the  shape  and  size  of  the  ventricles  of 
which  one  cannot  be  aware  beforehand. 
Furthermore,  there  are  tumors,  a  whole  series 
of  them,  published  by  Spiller,  in  which  an 
edema  is  produced,  not  around  the  tumor,  but  in 
another  part  of  the  brain.  This,  of  course, 
would  deform  the  ventricle  in  the  wrong  place. 
Then  again,  there  is  great  difficulty,  as  was 
shown  by  Dr.  Dandy,  in  the  fact  that  a  menin- 
gitic  exudate  will  block  entire  ventricular 
connections  as  effectively  as  any  tumor.  A 
little  while  ago  I  published  a  series  of  cases  of 
inflammation  of  the  brain  and  meninges  in  the 
course  of  which  there  developed  tremendous 
papillo-edema;  in  those  cases  hydrocephalus 
must  ha\-e  been  of  quite  sudden  onset  and  must 
have  been  due  to  the  laying  down  of  meningitic 
exudate  at  say  the  foramen  of  Monro, 
producing  a  bilateral  enlargement  of  the  lateral 
ventricles.  Such  cases,  if  pneumographed,  would, 
of  course,  produce  pictures  which  would  look 
like  a  posterior  fossa  tumor,  and  it  is  quite 
difficult  to  say  how  one  can  distinguish  between 
general  hydrocephalus  and  the  production  of  a 
hxdrocephalus  in  the  4th  ventricle. 

Dr.  Dandy  said  that  this  was  a  procedure 
which  should  be  employed  only  in  cases  not 
otherwise  localizable;  but  I  noticed  that  he 
had  some  instances  of  tumor  of  the  pineal. 
That  IS  very  astonishing  because  in  our 
experience,  tumor  of  the  pineal  produces  very 
clear-cut  symptoms  by  reason  of  its  pressure 
on  adiacent  structures. 

I  would  like  to  say,  however,  how  much  I 
admire  his  technique  in  the  production  of  an 
artificial  foramen  of  Monro.  That  is  as  brilliant 
a  piece  of  surgery  as  has  ever  been  my  privilege 
to  see,  and  I  admire  the  courageous  imagination 
which  prefaced  this  technique.  I  believe  I 
admire  still  more  the  enterprise  and  the 
audacity  with  which  Dr.  Dandy  attacks  the 
growths  when  diagnosed.  The  neurological 
surgeons  have  been  too  much  to  the  Right 
politically  speaking!  They  ha\e  not  had  enough 
of  the  radical  about  them.  Dr.  Dandy  is  on  the 
extreme  Left!  That  is  a  good  thing.  It  is 
courageous  conduct  which  will  make  neuro- 
logical surgery  a  living  thing. 

It  occurred  to  me  to  give  you  an  instance  here 
and  there  of  neurological  diagnoses  made  on 
\\  hat  seemed  minute  evidence  properly  ap- 
praised. There  came  to  nie,  while  I  was  listening 
to  Dr.  Dandy's  paper,  the  recollection  of  a  girl 
w  ho  came  to  the  hospital  under  my  care  with 
all  the  general  signs  of  cerebral  tumor — very 
se\ere  headache,  severe  vomiting,  etc.  We 
watched  her  for  a  space  of  three  or  four  weeks, 
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I  think,  and  we  had  no  indication  whatever  tu 
give  us  an  idea  where  to  operate.  We  thougiit 
of  course,  that  her  tumor,  if  she  had  one,  must 
be  in  a  large  so-called  silent  area  and  we 
examined  her  particularly  for  evidence  of 
derangement  of  the  temporal  and  frontal  lobes. 
She  developed  fatigability  of  tiie  right  abdom- 
inal reflexes.  They  were  not  gone,  but  depressed. 
One  day  I  showed  her  a  number  of  objects  and 
asked  her  to  name  them  and  she  did  so  accu- 
rately. I  took  a  fountain  pen  and  she  hesitated 
and  said,  "Now  isn't  that  queer?  That  is  one  of 
those  patent  pens."  On  that  we  operated  and 
found  a  left-sided  temporal  tumor.  It  was 
inconceivable  that  a  girl  who  used  a  fountain 
pen  every  day  should  forget  its  name  and  have 
to  use  circumlocution,  which,  of  course,  is  the 
first  thing  done  when  the  posterior  part  of  the 
1st  temporal  gyrus  is  affected.  I  remember  a 
man  who  was  a  police  sergeant;  he  arrested  a 
man  guilty  of  misdemeanor  and  when  he 
grasped  him  by  the  arm  to  take  him  to  the 
station  he  could  not  release  his  grasp.  He  had 
to  take  his  other  hand  and  undo  the  hngers 
one  by  one  in  order  to  get  loose.  Shortly  after 
that  the  symptoms  continued;  when  he  closed 
his  fist  he  could  not  open  it  again.  Then  he 
developed  headaches  and  came  under  our 
observation.  On  that  symptom  we  believed  he 
had  a  tumor  involving  the  corpus  callosum. 
He  developed  a  slight  sign  of  pressure  on  the 
right  side.  We  believed,  in  view  of  the  fact  ot 
this  condition  in  the  arm,  that  he  had  a  lesion. 
This  was  proven  by  operation. 

I  thouglit  it  was  worth  while  to  mention  such 
a  couple  of  incidents  at  random  to  show  that 
it  is  necessary  to  learn  each  other's  language; 
that  a  lot  of  Dr.  Dandy's  photographs,  to  the 
eye  not  instructed  in  their  significance,  might 
look  like  cloud  en"ects;  their  exact  significance 
does  not  come  to  the  eye.  Also  in  neurological 
examinations  phenomena  arise  which  are  ol 
pregnant  meaning.  The  instructed  and  the 
uninstructed  would  have  to  learn  each  other's 
language  in  order  to  cooperate;  and  I  have  to 
say  that  Dr.  Dandy's  work  makes  me  very 
anxious  to  learn  his.  I  think  he  has  contributed 
enormously  to  the  advancement  of  his  art  and 
science  and  to  ours. 

Dr.  P,\ncoast.  This  is  a  difhcult  subject 
to  discuss  from  the  .v-ray  standpoint,  because 
the  roentgenologist  plays  a  very  small  part  in 
the  whole  procedure,  although  he  does  play  a 
very  important  part.  The  technique  as  carried 
out  by  the  roentgenologist  is,  of  course,  a  most 
important  one  and  must  be  precise  and  efficient. 

We  all  look  upon  Dr.  Dandy  as  the  man  who 
has  developed  this  method  of  diagnosis  and 
placed  it  where  it  is  today,  and  we  must  all 
look    up    to    him    for    our   knowledge    of  the 


procedure  and  the  interpretation  oi  our 
findings. 

I  can  say  nothing  concerning  the  technique 
of  the  neurosurgeon,  but  he  is  absolutely 
dependent  upon  the  work  of  the  roentgenolo- 
gist. I  have  examined  just  enough  cases  to  know 
that  if  the  men  in  this  audience  go  home  with 
the  idea  that  they  can  start  out  in  this  work 
and  be  successful,  they  will  find  themselves 
greatly  mistaken.  You  cannot  interpret  your 
own  plates,  for  this  is  a  procedure  which  takes 
much  experience,  an  accurate  knowledge  of 
brain  anatomy  and  familiarity  with  brain 
tumor  pathology.  We  have  examined  45  cases, 
but  this  is  a  very  meager  experience,  and  we 
have  much  yet  to  learn  before  we  can  approach 
anywhere  near  the  accuracy  of  diagnosis  of 
Dr.  Dandy  and  Dr.  Baetjer. 

After  familiarizing  yoursel\-es  with  brain 
anatomy,  it  will  be  a  wise  plan  to  study 
specimens  in  a  laboratory  of  neuropathology, 
in  order  to  learn  just  what  a  tumor  does  to  the 
ventricles.  I  recently  spent  an  afternoon  with 
Dr.  Spiller  in  the  laboratory  of  neuropathology 
of  the  University  of  Pennsyh'ania,  for  this 
very  purpose,  and  my  conception  of  the  subject 
was  considerably  modified  by  what  I  saw.  I 
was  very  much  struck  by  the  number  of 
specimens  of  tumor  in  which  there  was  an 
enlargement  of  a  part  or  all  of  the  hemisphere 
on  the  side  of  the  tumor,  and  which  Dr.  Spiller 
and  others  ascribe  to  an  overgrowth  of  neurog- 
liar  tissue.  Attention  has  just  been  called  to 
this  by  the  last  speaker.  Dr.  Kennedy.  E\-en  in 
the  case  of  small  tumors,  far  away  from  the 
ventricles,  this  overgrowth  of  tissue  seems  to 
encroach  upon  the  ventricles,  and  is  likely  to 
be  misleading  in  the  interpretation  of  the 
ventriculogram.  This  condition  is  found  not 
only  in  connection  with  tumors,  but  is  also 
associated  with  traumatized  areas. 

In  one  brain  there  was  a  very  striking  con- 
dition which  would  undoubtedly  hax'e  led  to 
error  in  case  cerebral  pneumography  had  been 
attempted.  At  about  the  middle  of  the  lateral 
ventricle  on  one  side  there  were  some  dense 
adhesions  practically  dividing  it  into  two 
portions.  Lower  down  in  the  ventricular 
system  there  were  other  adhesions  causing  a 
moderate  internal  hydrocephalus.  This  was  a 
syphilitic  case. 

The  work  in  our  laboratory  has  been  carried 
out  in  conjunction  with  Dr.  Frazier's  clinic, 
and  his  associate,  Dr.  Grant,  and  I  ha\-e 
worked  out  most  of  the  cases.  We  have  spent 
many  hours  working  over  cases  and  trying  to 
improve  our  technique;  but  by  sitting  beside 
Dr.  Baetjer  here  in  this  room,  I  have  learned 
many  valuable  technical  points  as  Dr.  Dandy 
has  proceeded.  His  technique  is  quite  different 


6i6 


Localization  of  Brain  Tumors  by  Cerebral   Pneumography 


in  many  respects  from  tiie  one  we  have  em- 
ployed, and  we  shall  certainly  put  into  practice 
many  of  his  ideas  in  the  future.  We  have 
always  placed  our  plates  on  the  up-side  of  the 
head,  with  the  tube  under  the  table.  Dr. 
Baetjer  works  in  the  reverse  manner.  I  can 
readily  see,  however,  that  it  is  absolutely 
essential  to  empty  the  ventricles  of  all  fluid  in 
such  a  procedure;  otherwise  air-fillino;  defects 
due  to  fluid  remaining  in  the  dependent 
ventricles  will  give  fallacious  results. 

I  have  also  learned  from  Dr.  Dandy  that  it  is 
very  necessary  to  tap  and  inject  both  ventricles. 
Many  failures  we  have  had  can  be  ascribed  to 
omission  of  this.  E.xact  centering  of  the  tube  and 
head  is  essential  in  order  to  find  slight  lateral 
deviations  of  the  lateral  and  third  ventricles. 
The  head  must  be  so  placed  in  the  fore-and-aft 
views  as  to  throw  the  lateral  and  third  ventri- 
cles above  the  frontal  and  ethmoid  cells. 
Lastly,  I  am  convinced  that  the  Bucky  dia- 
phragm is  essential  for  the  detail  required  in 
the  lilms. 

I  agreed  to  discuss  this  paper  because,  first, 
I  thought  I  would  learn  something  by  so  doing, 
and  second,  I  wanted  to  tell  of  some  of  the 
dillicalties  we  have  encountered  and  to 
emphasize  them  by  slides,  hoping  that  Dr. 
Dandy  and  Dr.  Baetjer  could  assist  me  over 
some  of  our  troubles. 

Dr.  Dandy  (closing  discussion).  I  do  not 
know  that  there  is  much  more  for  me  to  say; 
after  Dr.  Baetjer's  talk  I  feel  very  much 
embarrassed.  You  are  all  familiar  with  his 
great  modesty  concerning  his  own  accomplish- 
ments. 

Dr.  Pancoast  brought  up  the  possibility 
that  adhesions  might  be  confused  with  tumor. 
I  here  is  no  way  to  tell  the  character  of  the 
lesion.  It  can  only  be  said  that  the  lesion  is 
located  at  a  certain  point,  and  in  all  proba- 
bility can  be  found. 

I  have  just  gone  over  the  statistics  of  tumors 
in  the  past  year.  This  may  be  of  interest, 
particularly  in  answer  to  Dr.  Kennedy.  I  do 
not  know  precisely  the  number  of  localizations 
from  the  use  of  the.v-ray  alone — they  were  about 
"  per  cent  in  IQ14 — but  they  have  increased 
considerablx',  for  the  .\'-rays  are  now  much 
improved  and  our  interpretations  are  superior. 
1  should  venture  the  guess  that  now  at  least  15 
per  cent  of  tumors  can  be  localized  by  the 
.v-ray  alone.  Li  a  \ery  high  percentage  of  cases, 
compared  to  pre\  ious  times,  we  can  find  actual 
shadows  of  calcilication  in  tiie  tumor.  L  think 
the  localization  of  50  per  cent  of  tumors  from 
neurological  signs  and  symptoms,  i.e.,  excluding 
the  .Y-ray,  is  a  pretty  liberal  estimate,  and  I 
doubt  that  it  v\  ill  come  up  to  50  per  cent. 

hi  19 14  \\e  went  over  our  cases,  probably  70, 


and  we  could  localize  about  50  per  cent  with 
all  means  at  our  command.  That  included  tw-o 
or  three  and  sometimes  more  operations. 
During  the  last  year  we  had  loi  tumor  cases; 
4  of  these  died  before  operation  (no  injections 
of  air).  Of  the  97  cases  which  we  were  able  to 
study,  Q5  tumors  were  actually  disclosed  at 
operation.  One  of  the  2  missed  was  a  patient 
who  \\as  deeply  unconscious  at  the  time.  The 
site  of  exploration  was  based  upon  an  attack  of 
Jacksonian  epilepsy  which  was  seen  by  his 
physician  before  the  onset  of  coma.  The  other 
was  a  tumor  in  the  brain  stem  which  we  made 
no  effort  to  disclose.  Of  the  95  tumors  found  at 
operation,  6  required  two  operations,  i.e.,  89 
were  found  at  one  operation  and  6  in  two 
operations.  One  of  the  6  cases  w  hich  required 
two  operations  was  a  case  I  saw  with  Dr.  Kerr, 
a  boy  with  hydrocephalus  but  with  a  small 
deformed  ventricle  on  one  side — a  secondary 
feature  possibly  not  related  to  the  tumor.  At 
the  second  operation  a  cerebellar  tumor  was 
found.  Another  one  of  the  6  cases  was  mis- 
leading because  of  decompression  which  was 
previously  done  and  this  decompression  de- 
stroyed the  value  of  the  normal.  The  other  4 
cases  had  hydrocephalus  due  to  tumors  of  the 
pineal  body  or  the  hypophysis.  Two  of  these 
had  pre\'iously  had  air  injected,  and  in  two  the 
air  was  injected  after  the  operative  failure.  Of 
these  97  cases  we  used  air  in  35;  in  62  we  did 
not  use  air.  It  is,  roughly,  in  I  out  of  3  cases 
that  air  has  been  necessary.  There  is  one  other 
feature  which  I  have  not  mentioned.  Twice  I 
have  operated  for  a  tumor  on  the  basis  of  air 
and  the  tumor  has  not  been  found.  Both  of 
those  cases  subsequently  came  to  autopsy  and 
neither  had  a  brain  tumor.  One  had  a  tumor  in 
the  spinal  cord  giving  choked  disc,  headache 
and  loss  of  eyesight.  There  are  many  conditions 
in  the  central  nervous  system  still  not  under- 
standable, and  this  is  one  of  them.  The  other 
case  was  a  boy  who  was  blind,  had  headaches 
and  choked  disc.  He  had  no  tumor  whatever. 
Our  diagnosis  of  an  occipital  lobe  tumor  was 
largely  by  exclusion  because  the  remainder  of 
the  ventricular  system  was  normal  and  a  tumor 
was  considered  a  certainty.  Had  I  verified  the 
readings  of  the  posterior  horn,  as  should  have 
been  done,  this  part  of  the  ventricle  would 
doubtless  have  been  shown  to  be  normal  at  the 
second  reading.  It  is  very  easy  to  misinterpret 
these  roentgenograms,  and,  as  Dr.  Baetjer  has 
told  you,  it  requires  a  great  deal  of  study.  In 
reply  to  the  view  expressed  by  Dr.  Kennedy 
that  pineal  tumors  should  be  diagnosed  by  endo- 
crine manilestations:  tumors  of  the  pineal 
body  onlv  at  times  give  such  symptoms.  In 
only  I  of  our  5  or  6  pineal  tumors  ha\'e  any 
so-called  glandular  symptoms  been  manifested. 
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IN  this  article  attention  is  called  to  the 
fact  that  self-inflicted  injuries,  lesions 
and  eruptions,  that  may  be  classified 
under  the  general  heading  of  dermatitis 
artifacta  (mahngering;  dermatitis  factitia; 
feigned  eruptions;  neurotic  excoriations, 
etc.)  may  spontaneously  or  accidentally 
simulate  roentgen  or  radium  dermatitis; 
also  that  malingerers  may  intentionally  and 
more  or  less  successfully  imitate  a  roentgen 
or  radium  dermatitis.  In  the  latter  instance 
the  object  is  revenge,  to  avoid  work,  to 
collect  insurance,  to  excite  sympathy, 
interest,  fear,  etc. 

The  fact  that  self-inflicted  eruptions 
may  simulate  roentgen  or  radium  dermati- 
tis to  a  degree  that  will  deceive  the  inex- 
perienced or  the  unwary,  is  of  scientific 
interest  and  of  medicolegal  importance. 

For  obvious  reasons,  details  such  as 
would  tend  to  identify  the  patient  are 
omitted  from  the  case  reports  contained 
herein. 

MALINGERING     VERSUS      ROENTGEN 
DERMATITIS 

Case  Report.  The  patient,  a  woman, 
thirty-two  years  ot  age,  was  first  seen 
by  us  on  Nov.  i8,  1920.  She  gave  the 
following  history  of  the  evolution  of  the 
eruption  for  which  she  had  been  referred 
in  consultation: 

She  had  had  a  roentgenological  examina- 
tion of  the  left  superior  maxilla  on  August 
22,  1920.  A  roentgenological  examination 
of  the  antra  was  made  on  Sept.  i,  1920. 
On  this  latter  date  a  second  examination 
was  made  of  the  superior  maxilla.  Two 
weeks  later  (Sept.  15,  1920)  the  left  cheek 
became  inflamed,  the  inflammation  being 
accompanied  by  a  burning  sensation.  One 
week  later  (Sept.  22,  1920)  an  area  of 
similar  inflammation  appeared  on  the 
back  of  the  head  and  neck.  A  third  area  of 
inflammation  de\"eIoped  on  the  back  of  the 
left  wrist  about  a  month  later  (Oct.  25, 
1920). 


When  we  first  saw  the  patient  (Nov.  18, 
1920)  she  presented  an  irregularly  square- 
shaped  area  of  dermatitis  on  the  dorsal 
surface  of  the  left  wrist.  The  dermatitis 
consisted  of  moderate  erythema  and  slight 
exfoliation.  The  aff"ected  area  was  sharply 
outlined  and  about  2  in.  square  in  size. 
On  the  left  cheek  there  was  an  area  of 
moderate  erythema  and  slight  exfoliation, 
about  the  size  of  the  palm  of  a  child's  hand. 
The  area  was  round,  but  it  was  not  sharply 
outlined.  On  the  back  of  the  head  there 
was  a  sharply  outlined  area  of  rather 
intense  erythema  with  considerable  exfolia- 
tion. It  was  round  in  shape  and  about  the 
size  of  an  adult  hand.  It  was  situated  on 
the  back  of  the  neck,  the  upper  part 
extending  above  the  hair  line.  There  was  no 
defluvium  capillorum. 

It  was  noted  that  the  degree  of  dermati- 
tis (intensity  of  inflammation)  varied 
considerably  throughout  the  three  areas. 
That  is,  scattered  throughout  each  area 
were  small  areas  of  greater  and  lesser 
intensity. 

The  patient  stated  that  an  intense  burn- 
ing sensation  was  constantly  present,  but 
that  at  times  the  erythema  became  less 
and  even  disappeared  in  places  only  to 
return  within  a  few  days.  She  averred  that 
the  inflammation  had  been  severe  and 
associated  with  edema  (skin  very  red,  hot 
and  swollen)  but  that  there  had  been  no 
ulceration  or  excoriation.  It  was  ascer- 
tained that  the  inflammation  in  each  area 
appeared  suddenly  and  reached  maximum, 
intensity  within  twelve  hours. 

The  patient  had  been  seen  by  a  number 
of  physicians  who  accepted  the  diagnosis 
of  roentgen  dermatitis  without  discussing 
diff'erential  diagnosis.  The  roentgenologist 
who  made  the  exposures  was  perplexed  and 
perturbed  but  he,  too,  accepted  the  diag- 
nosis of  roentgen  dermatitis  and  ascribed 
the    unexpected    result    to    idiosyncrasy. 

We  disagreed  with  the  diagnosis  on  the 
following  grounds: 
617 
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1.  The  inflammation  on  the  cheek  ap- 
peared two  \veei<s  after  the  last  exposure. 
That  on  the  back  of  the  head  occurred 
three  weeks  after  the  exposure.  The  area 
on  the  wrist  was  first  noticed  six  weeks 
after  exposure.  It  is  difhcult  to  reconcile 
these  findings  with  a  knowledge  of  roentgen 
dermatitis.  However,  the  possibility  of 
"delayed  reaction,"  variations  in  suscepti- 
bility of  different  parts  of  the  body  and 
variations  in  the  quantity  of  radiation 
reaching  the  three  areas,  had  to  be 
considered. 

2.  The  sudden  appearance  of  the  erup- 
tion and  its  rapid  development  are  not 
characteristics   of  roentgen   dermatitis. 

3.  The  burning  sensation  was  constantly 
present  but  the  inflammation  was  alter- 
nately better  and  worse.  This  would  not 
occur  in  roentgen  dermatitis  unless  caused 
by  the  intermittent  use  of  irritating  topical 
remedies.  The  patient  had  been  using 
ointments  and  lotions  which  were  said  to 
be  of  a  soothing  nature. 

4.  The  contour  of  the  lesions  did  not 
seem  compatible  with  the  known  facts 
regarding  the  exposures.  The  patient  was 
certain  that  she  had  held  the  film  in  the 
left  side  of  the  mouth  with  the  left  hand 
and  that  the  back  of  the  wrist  was  facing 
the  tube.  Such  a  position  is  awkward  and 
unusual  but  it  is  possible.  The  roentgenolo- 
gist could  not  recall  how  the  patient  held 
the  film  in  position.  Accepting  the  patient's 
statement,  the  wrist  and  cheek  were 
exposed  at  the  same  time;  yet  the  area  on 
the  wrist  was  sharply  marginated  and 
irregularly  square  in  outline;  while  the 
area  on  the  cheek  was  round  with  ill- 
defined  margin. 

5.  The  intensity  of  inflammation  \aricd 
throughout  the  affected  areas  as  already 
described.  Such  variation  does  not  belong 
to  the  clinical  picture  of  roentgen 
dermatitis. 

6.  The  five  points  above  enumerated 
strongly  militate  against  a  diagnosis  of 
roentgen  dermatitis.  The  sixth  point,  about 
to  be  elucidated,  makes  such  diagnosis 
untenable.  The  patient  had  an  cru]Dtion 
on  the  scalp  which,  if  it  rc|iresentcd 
a  roentgen  dermatitis,  would  be  of  a  mild 
second  degree.  When  first  seen  by  us  the 
eruption  liad  been  present  on  the  scalp  for 


four  weeks,  and  a  period  of  seven  weeks 
had  elapsed  since  the  exposure.  In  spite  of 
this  there  had  been  no  defluvium.  The 
scalp  hair  always  falls  out  three  weeks 
after  a  quantity  of  radiation  sufficient 
for  epilation  has  been  administered. 
No  dermatoroentgenologist  will  dis- 
pute the  statement  that  a  quantity 
of  roentgen  rays  sufficient  to  produce 
a  mild  second-degree  reaction  is  much 
more  than  enough  to  cause  the  hair  to 
fall  out. 

At  the  consultation  the  possibility  of 
malingering  was  suggested  because: 

1.  The  affection  was  not  a  roentgen 
dermatitis. 

2.  The  eruption  characteristics  were  not 
those  of  any  known  dermatosis. 

3.  The  e\idence  pointed  strongly  to  an 
attempt  at  the  artificial  production  of  an 
eruption  that  would  simulate  a  roentgen 
dermatitis. 

Subsequeiit  History.  The  diagnosis  of 
malingering  was  accepted  with  alacrity 
by  the  implicated  roentgenologist  and 
hesitatingly  by  some  of  the  other  physi- 
cians and  dentists  who  were  interested  in 
the  patient. 

We  saw  the  patient  next  on  Jan.  15, 
1 92 1.  The  three  areas  were  still  erythem- 
atous and  scaly.  The  hair  had  not 
fallen  out.  The  affection  was  still  inter- 
mittent in  character.  One  of  the  physicians 
who  was  present  at  this  consultation 
recalled  that  the  patient  had  apparently 
feigned  an  illness  several  years  previously, 
an  illness  that  had  been  baffling  at  the 
time.  Among  other  supposed  symptoms, 
including  feigned  hemoptysis,  she  ran 
a  temperature  of  loi"^  F.,  until  it  was 
disco\'cred  that  the  temperature  was  nor- 
mal whenever  it  was  taken  b\  someone 
other  than  the  patient.  It  is  a  very  simple 
matter  to  elevate  the  mercury  in  a  clinical 
thermometer  by  applying  friction,  with 
the  fingers,  to  the  bulb  of  the  instrument. 
Also,  at  this  consultation,  the  patient 
was  told  that  another  consultation  would 
be  held  in  two  weeks,  and  that  inasmuch 
as  it  was  difficult  to  make  a  diagnosis  and 
to  outline  a  successful  plan  of  treatment 
without  seeing  the  eruption  at  its  worst, 
it  was  hoped  that  maximum  intensity 
would     correspond     with     the     appointed 
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time  for  the  next  consultation.  This 
is  a  very  old  and  frequently  successlul 
psychological  trick  used  by  dermatolo- 
gists in  cases  of  feigned  eruptions. 

At  the  next  consultation,  Jan.  30, 
192 1,  the  picture  was  typical  of  malinger- 
ing. Each  area  was  intensely  red  with 
some  edema.  The  intensity  of  inllammation 
was  irregular,  as  though  an  acid  had  been 
applied  to  one  small  portion  of  skin  at  a 
time,  instead  of  being  applied  to  the  entire 
area  simultaneously.  The  wrist  lesion 
presented  one  very  characteristic  feature. 
There  was  a  streak  of  dermatitis  one 
quarter  of  an  inch  in  width,  extending 
from  the  distal  margin  of  the  lesion  o\er 
the  dorsal  surface  of  the  hand  for  a  little 
more  than  one  inch.  This  indicated  that 
a  little  too  much  of  the  caustic  fluid 
(probably  carbolic  acid)  had  been  applied 
and  a  drop  had  run  down  o\er  the  hand, 
producing  this  pathognomonic  indication 
before  the  caustic  action  could  be  prevented 
by  the  addition  of  alcohol.  The  wrist 
lesion  also  showed  two  small  areas  of 
superficial  ulceration.  A  plaster-of-Paris 
dressing  was  advised  for  the  wrist,  but  the 
patient  refused  to  use  it.  She  was  then  made 
acquainted  with  the  diagnosis  and  she 
indignantly  denied  complicity. 

We  last  saw  this  patient  on  Feb.  6, 
1923.  The  cheek  was  normal.  The  back 
of  the  neck  showed  irregularly  distributed, 
faint  erythema.  The  wrist  area  was  bluish- 
red  in  color  and  it  contained  some  cicatri- 
cial tissue.  In  this  area  were  three  lesions, 
a  little  smaller  than  a  dime,  consisting 
of  dry,  hard,  black  necrotic  tissue,  sur- 
rounded by  considerable  inflammation. 
They  were  of  three  months'  duration.  The 
patient  stated  that  at  various  times  the 
lesions  consisted  of  blisters,  suppurating 
ulcers,  and  simple  inflammation  (erythema 
and  edema).  At  times  there  would  be  no 
lesions  for  several  weeks.  She  still  refused 
to  permit  the  application  of  a  sealed 
dressing  and  persistently  denied  complicity. 
Malingerers,  howe\er,  usually  deny  guilt 
even  when  confronted  with  both  circum- 
stantial and  direct  e\idence.  There  were 
no  roentgen  sequelae,  such  as  atrophy, 
telangiectasia,  pigmentation,  depigmenta- 
tion or  alopecia  on  the  wrist,  cheek  or  back 
of  the  head  and  neck. 


NEUROTIC  EXCORIATIONS  VERSUS 
ROENTGEN  DERMATITIS 

There  is  another  entity  falling  under 
the  general  heading  of  dermatitis  artifacta 
which,  under  unusual  circumstances,  may 
be  ct)nfused  with  indolent  ulcers  caused  by 
roentgen  rays  or  radium.  We  refer  to  the 
condition  known  as  neurotic  excoriations 
(acarophobia;  dermatothlasia;  dug-out  ex- 
coriations; acne  urticata;  excoriated  acne 
of  young  girls,  etc.). 

In  this  affection  the  neurotic  patient 
produces  the  lesion  or  lesions  artificially 
by  daily  picking  and  squeezing  the  skin 
with  the  fingers  or  with  an  instrument  such 
as  a  pair  of  epilating  forceps.  The  affection 
differs  from  malingering  in  clinical  mani- 
festations and  also  because  there  is  usually 
no  intention  of  or  attempt  at  deception. 
The  patients  will  readily  admit  picking  at 
the  lesions  and  will  often  submit,  for 
microscopical  examination,  tiny  pieces  of 
tissue  which  they  have  removed  from  a 
lesion.  They  are  convinced  that  these 
tissue  shred';  are  insects  or  foreign  bodies, 
or  in  any  event  that  they  are the  cause  of  the 
trouble  and  must  be  removed.  Occasionally 
a  patient  will  triumphantly  submit  a 
harmless  and  extraneous  insect  which  has 
happened  to  be  in  or  near  the  lesion. 
Not  infrequently  patients  are  unable  to 
explain  why  they  dig  at  the  lesion;  they 
seem  to  be  unable  to  control  the  impulse 
or  desire.  Psychoanalysts  explain  that 
such  habit  is  due  to  a  misplaced  or  trans- 
ferred sex  impulse.  It  is  very  difficult  to 
overcome  or  control  this  habit  or  mania. 
The  lesion  feels  uncomfortable;  the  desire 
to  manipulate  becomes  irresistible;  the 
lesion  feels  more  comfortable  after  the 
patient  has  worked  at  it  for  a  while. 
The  original  cause  of  the  picking  is  usually  a 
milium  body,  a  comedo,  an  inflammatory 
papule  or,  in  fact,  any  slight  elevation  of 
the  skin. 

Naturally,  the  clinical  manifestations 
are  varied,  and  the  affection  may  imitate 
such  diseases  as  lupus,  syphilis,  epithelioma, 
tuberculide,  acne,  etc.  There  is  one  type  of 
neurotic  excoriation  of  special  interest 
to  roentgenologists,  and  that  is  the  single 
indolent  ulcer.  This  type  may  closely 
simulate  the  indolent  ulcer  that  occasion- 
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ally  follows  an  acute  third-degree  roentgen 
or  radium  reaction. 

We  have  in  our  files  the  histories  of  two 
patients  which  very  nicely  illustrate  the 
clinical  similarity  between  indolent  ulcers 
produced  by  roentgen  rays  and  those 
produced  by  artificial  means.  They  were 
both  under  observation  at  the  same  time, 
so  that  the  similarity  was  very  striking. 

One  patient,  a  man,  had  had  an  epithe- 
lioma for  which  he  received  roentgen  treat- 
ment. The  treatment  was  followed  by  a 
third-degree  roentgen  dermatitis  which 
later  de\eloped  into  an  indolent  ulcer. 
The  ulcer  was  as  large  as  a  dime  and  situ- 
ated on  the  left  cheek  close  to  the  ear.  It 
was  crateriform  (punched  out)  and  pre- 
sented a  dry,  glistening  floor.  The  sur- 
rounding skin,  having  been  carefully 
shielded,  was  clinically  normal. 

The  other  patient,  a  woman,  presented 
an  ulcer  in  the  same  situation,  of  the  same 
size  and  of  very  similar  appearance,  but 
the  history  and  cause  were  entirely  dif- 
ferent. The  patient,  fourteen  months  pre- 
viously, had  begun  to  pick  at  a  tiny  papule. 
She  would  spend  an  hour  or  two  a  day 
working  at  the  lesion  with  a  pair  of  forceps. 
The  chronic,  indolent  ulcer  was  the  result. 

As  a  rule  there  is  no  difficulty  in  difPer- 
entlating  between  the  two  conditions. 
In  the  case  of  roentgen  ulcer  there  is  a 
history  of  antecedent  roentgen  treatment 
and  an  antecedent  acute  roentgen  dermati- 
tis with  severe  pain.  Also  there  is  likely 
to  be  atrophy  and  telangiectasia  around 
the  ulcer.  In  the  case  of  neurotic  excoria- 
tion ulcer,  there  are  the  history  of  picking, 
the  probability  of  multiple  lesions,  fantas- 
tic outlines,  alteration  in  appearance  from 
time  to  time,  the  absence  of  antecedent 
roentgen  or  radium  treatment  and  of 
sequelae  around  the  ulcer.  Ne\ertheless, 
the  two  conditions  can  be  so  similar  as  to 
make  a  diagnosis  by  inspection  somewhat 
hazardous.  A  history  of  previous  roentgen 
treatment,  an  admission  by  the  patient 
of  picking  at  the  ulcer,  or  a  confusing,  dis- 
puted or  unreliable  history,  may  make 
the  diagnosis  very  difficult.  It  is  well  to 
keep  these  facts  and  possibilities  In  mind 
when  giving  medicolegal  testimony.  The 
next  case  report  illustrates  some  of  these 
diagnostic  difilcultles. 


Case  Report.  The  patient  was  a  man, 
forty-four  years  of  age,  of  nervous  tempera- 
ment and  slightly  neurotic  type.  He  was 
referred  to  us  on  May  19,  191 6,  for  the 
treatment  of  a  large,  indolent  ulcer  of  two 
years'  duration,  situated  on  the  lower 
part  of  the  left  cheek. 

Past  History.  In  1912  the  patient  con- 
sulted a  dermatologist  for  the  diagnosis 
and  treatment  of  an  ulceronodular  lesion 
over  the  left  mandible  which  had  been 
present  for  several  months.  The  diagnosis 
was  syphilis,  but  antisyphilltic  treatment 
was  not  efficacious.  In  191 3  two  dermatolo- 
gists, working  Independently,  each  made  a 
clinical  diagnosis  of  epithelioma.  Through- 
out 191 4  the  patient  was  given  fractional 
roentgen  treatment  by  a  roentgenologist. 

According  to  the  patient's  statement, 
the  treated  area  became  inflamed  and 
painful,  but  the  treatment  was  continued. 
Finally  the  pain  became  so  severe  that 
he  refused  further  roentgen  treatment. 
The  ulceration  then  became  more  pro- 
nounced and,  finally,  indolent.  It  was 
the  opinion  of  the  patient  that  he  suff^ered 
from  a  chronic  roentgen  dermatitis.  The 
roentgenologist  a^"erred  that  the  ulcer 
represented  an  epithelioma  which  had 
continued  to  evolve  In  spite  of  roentgen 
treatment;  and  that  at  no  time  during  the 
course  of  treatment  was  there  more  than  a 
first-degree  roentgen  reaction. 

Personal  Observations.  When  we  first 
saw  the  patient  In  May,  19 16,  there  was  an 
Indolent  ulcer  situated  over  the  left  man- 
dible. It  had  remained  almost  unchanged 
for  over  a  year.  It  was  3  In.  in  length,  2  in. 
In  width  and  about  }i  or  }  3  In.  deep.  The 
walls  of  the  lesion  were  abrupt,  which 
produced  a  punched-out  or  crateriform 
appearance.  The  fioor  of  the  ulcer  was  dry 
and  shiny  as,  also,  were  the  walls.  There 
was  no  induration  at  the  margins,  nor 
were  there  any  sequelae  In  the  surrounding 
skin,  such  as  atrophy  or  telangiectasia  or 
permanent  alopecia.  The  patient  stated 
that  the  lesion  had  been  exceedingly  pain- 
ful, but  that  now  It  was  less  so. 

Our  diagnosis  was  chronic  roentgen 
dermatitis,  and  this  diagnosis  was 
confirmed  by  the  members  of  the  New 
\'ork  Dermatological  Society.  The  roent- 
genologist vigorously  opposed  this  diagno- 
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sis.  It  was  his  opinion  that  the  lesion  was 
either  lupus  or  epithelioma  and  that  it 
should  receive  further  roentgen  treatment. 
We  could  not  seriously  consider  either  of 
these  diseases,  but  we  were  compelled  to 
grant  the  possibility  of  the  indolent  ulcer 
type  of  neurotic  excoriations  for  reasons 
that  will  soon  be  presented. 

During  the  year  that  the  patient  was 
treated  by  us  (1916  and  191")  there  was 
Httle  if  any  improvement  in  spite  of 
ultraviolet  rays,  high-frequency  current, 
strapping,  and  topical  applications.  After 
several  months,  the  patient  admitted  that 
there  was  no  more  pain  and  that  the  lesion 
was  sensitive  only  at  intervals  and  then 
only  at  small  points.  These  sensitive 
points  were  of  a  much  brighter  red  than 
the  remainder  of  the  lesion  and  varied  in 
location  from  time  to  time.  These  red, 
sensitive  points,  together  with  certain 
mannerisms  and  actions  on  the  part  of  the 
patient,  suggested  the  possibility  of  neu- 
rotic excoriation.  Upon  being  accused  and 
questioned,  the  patient  exhibited  a  pocket 
mirror  and  a  pair  of  thumb  forceps.  He 
admitted  that  he  worked  at  the  lesion 
several  times  daily  and  as  long  as  an  hour 
at  one  sitting.  This  had  been  going  on  for 
many  months.  The  patient  was  obsessed 
with  the  idea  that  tiny  pieces  of  gray 
tissue  must  be  removed  before  healing 
could  occur.  He  stated  that  if  he 
abstained  from  manipulating  the  lesion 
for  any  length  of  time  it  became  very 
uncomfortable  and  that  considerable 
relief  followed  the  use  of  the  thumb 
forceps. 

The  history  of  the  case  was  thus  com- 
plicated, confusing  and  unreliable.  In  our 
opinion  the  lesion  represented  a  roentgen 
dermatitis,  the  manipulation  with  the 
thumb  forceps  being  a  complicating  factor. 
However,  the  possibility  of  the  lesion 
having  been  caused  by  the  patient  had  to 
be  admitted.  The  patient  ceased  manipu- 
lating the  lesion,  or  at  least  he  claimed  so, 
but  there  was  no  improvement.  Several 
months  later  the  entire  lesion  was  excised, 
embedded  in  paraffin,  cut  serially,  stained 
in  various  ways,  and  the  serial  sections 
were  studied  under  the  microscope.  The 
pathological  histology  was  that  of  roentgen 
dermatitis.  The  patient  made  an  unevent- 


ful  recovery   and  he  has  had  no  further 
trouble.  He  was  last  seen  in  August,  1920. 

MALINGERING     INTERFERING     WITH     A 
ROENTGENOLOGICAL    RESULT 

The  case  about  to  be  described  has  no 
bearing  on  roentgen  dermatitis,  but  It  is 
of  Interest  to  roentgenologists  as  it  illus- 
trates how  a  malingerer  may  interfere  with 
a  therapeutic  result.  In  this  connection  It 
may  also  be  emphasized  that  patients  with 
neurotic  excoriations  may  modify  the 
results  of  .v-ray  treatment.  This  Is  especially 
true  in  the  types  represented  by  Brocq's 
excoriated  acne  of  young  girls,  Waelsch's 
urticaria  necrotisans,  and  Kaposi's  acne 
urtlcata.  These  affections  may  be  mistaken 
for  certain  clinical  types  of  acne  ^■ulgarIs, 
seborrheic  acne,  acne  varioliformis,  tuber- 
culide, lichen  planus,  and  other  dermatoses. 
If  the  patient  continues  to  produce  new 
lesions,  or  aids  In  their  production,  or 
interferes  with  the  healing  of  a  lesion,  and 
this  fact  is  not  recognized  by  the  roent- 
genologist, the  result  of  roentgen  therapy 
may  be  disappointing  and  confusing.  On 
the  other  hand,  when  the  habit  is  asso- 
ciated with  definite  elementary  lesions 
such  as  comedones,  acne  pustules  or 
papules,  milia,  etc.,  roentgen  therapy  may 
overcome  or  help  to  overcome  the  morbid 
habit  by  remo\Ing  and  preventing  the 
formation  of  lesions  that  cause  the  desire 
to  pick  and  dig  at  the  skin.  It  is  probable 
that  many  such  cases  are  cured  in  this 
way  without  the  artificial  element  being 
recognized. 

Case  Report.  The  patient  was  a  woman, 
thirty-one  years  of  age.  She  was  normal 
physically.  Temperamentally,  she  was 
phlegmatic,  morose  and  neurotic.  Appen- 
dectomy had  been  performed  on  July  17, 
1919.  Recovery  was  uneventful  and  the 
wound  healed  in  the  usual  length  of  time. 
About  two  weeks  after  healing  was  com- 
plete, the  skin  became  Inflamed  and  the 
portion  of  the  wound  situated  in  the  skin 
and  subcutaneous  tissue  opened  and  sup- 
purated. The  wound  was  explored  for 
foreign  bodies,  but  none  were  found. 

We  saw  the  patient  for  the  first  time  on 
Jan.  23,  1920.  She  was  still  in  the  hospital 
and  she  spent  most  of  the  time  in  bed. 
Examination    revealed    a    long,    narrow. 
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shallow,  rather  insensitive  ulcer  on  the 
right  side  of  the  abdomen.  It  was  3I2 
in.  long,  19  in-  wide,  and  about  i^;  to  I4  in. 
deep.  There  was  a  slight,  purulent  dis- 
charge from  one  end  of  the  wound.  The 
remainder  of  the  ulcer  was  dry,  and  pre- 
sented anemic-looking  granulation  tissue. 
The  tissue  in  and  near  the  wound  was 
markedly  infiltrated;  in  other  words,  the 
wound  was  keloidal  and  it  was  supposed 
that  the  development  and  presence  of  the 
keloid  had  prevented  the  wound  from 
healing. 

Five  intensive  roentgen  treatments,  at 
monthly  intervals,  effected  complete  invo- 
lution of  the  keloidal  infiltration.  The 
wound  was  now  soft,  the  granulations 
appeared  healthy,  but  it  did  not  cicatrize. 
Ultraviolet  radiation  and  various  topical 
remedies  were  tried  with  indifferent  results. 
At  times  the  wound  would  almost  heal, 
only  to  break  down  again.  FinalK',  the 
curious  behavior  of  the  wound  and  the 
patient's  temperamental   defects   directed 


attention  to  the  possibility  of  malingering: 
excoriations  and  scratch  marks  were 
noticed  in  the  normal  skin  near  the  edge 
of  the  wound;  at  times  the  granulations 
were  dry  and  inactive;  at  other  times  they 
were  red  and  active;  occasionally  the  floor 
of  the  ulcer  looked  as  though  it  had  been 
rubbed  and  scratched;  at  the  menstrual 
periods,  regardless  of  the  condition  of  the 
granulation  tissue,  the  wound,  surrounding 
skin  and  gauze  dressing,  were  stained  a 
brownish  red. 

From  Aug.  i,  1920,  to  Sept.  20,  1920, 
experiments  with  sealed  dressings  were 
conducted.  If  the  dressing  remained  sealed 
the  wound  healed.  Usually  the  dressing 
was  partially  or  entirely  remo\ed  by  the 
patient.  After  healing,  scratch  marks 
could  be  detected  in  the  scar  before  the 
wound  opened.  The  patient  persistently 
denied  the  accusation  of  malingering. 
Surgeons  occasionally  encounter  cases  of 
this  kind,  but  the  experience  is  rather 
unique  in  roentgenology. 


THE  INFLUENCE  OF  X-RAY  THERAPY  ON  BENIGN  AND 
MALIGNANT  GROW  THS  DEPENDENT  UPON  AN  AP- 
PARENT VALID  DISTINCTION  BETWEEN  THEM* 


BY    GOTTWALD    SCHWARZ,    M.D. 

Associate    Professor    and    Director    of    tlie    Roentgen    Institute     of    the     Kaiserin     HIizabetli     Hospital, 
Vienna;  Honorary  Member  of  the  American   Roentgen  Ray  Society 


IN  THE  lollowmg  communication  I  beg 
you  to  count  not  so  much  on  hearing 
unknown  facts  as  seeing  set  forth  well- 
known  facts  in  a  new  conception,  which 
may  have  value  both  for  the  theoretical 
problems  of  malignant  growths,  and  as 
well,  for  the  ntuch-fought-over  question 
of  practical  x-ray  therapy. 

Let  us  first  consider  the  action  of  .\-ra\ 
energy  upon  the  normal  growing  cell- 
groups  of  the  human  body,  and  take  as  an 
example  an  epithelial  tissue,  the  hair. 
A  definite  dose  of  .v-ray  causes  a  stoppage 
of  growth  of  the  matrix  cells.  The  hair 
curls  up  and  falls  out.  The  arrest  of  growth 
lasts  for  from  se\eral  weeks  up  to  months. 
After  this  time  the  uninfluenced  remaining 
matrix  cells  begin  a  regeneration  of  the 
hau-    root.    The   proliferati\  e   activity    in- 
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creases  more  and  more  and  a  new  hair  is 
formed.  There  results,  so  to  speak,  a 
recurrence. 

If  we  now  remoNe  this  re-grown  hair 
again  by  means  of  .v-ray,  w^e  find  that  the 
application  of  the  same  or  even  a  somewhat 
lesser  dose  than  the  first  one  is  sufficient 
to  produce  a  stoppage  of  growth  and 
epilation.  For  a  re-epilation  of  the  re-grown 
hair  an  increase  of  the  dose  is  not  neces- 
sary; rather  the  contrary  is  true.  Repeated 
epilation  leads  most  certainly  to  a  definite 
destruction  of  the  hair  root. 

A  similar  relationship  exists  for  normal 
and  benign  growths  of  mesodermal  tissue. 
Let  us  take,  for  instance,  from  the  connec- 
tive tissue  group  growths,  the  keloid;  we 
find  here  also  under  repeated  .v-ra\ing 
no  decrease,  but  rather  an  augmentation 
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in  radioscnsitivcness.  One  can  get  analo- 
gous results  in  the  case  of  all  normal  or 
benign  hyperplastic  tissues,  whether  they 
are  of  ectodermal  or  mesodermal  origin, 
so  that  we  can  lay  down  the  following  rule: 
Normal  benign  growinii  tissue  shows  loivard 
repeated  x-radiaiion  a  uniform  or  increased 
sensitiveness. 

Fundamentally  dillerent  is  the  case  as 
to  the  effect  of  x-rays  upon  the  growth  of 
malignant  blastomas.  It  is  a  phenomenon 
well  known  to  all  x-ray  therapeutists  that 
both  carcinoma  and  sarcoma,  in  e\ent  of  a 
recurrence  (with  the  exception  that  I  do 
not  refer  to  the  definite  late  recurrence 
appearing  years  after  the  first  appearance) 
become  gradually  more  refractory  to  the 
mfluence  of  x-rays.  This  phase  is  especially 
emphasized  by  Rieder  in  his  textbook  on 
radiotherapy;  and  Jiingling  and  Kastle 
have  mentioned  at  a  recent  x-ray  meeting 
in  their  recapitulation  of  cases  such 
cellular  adaptability  or  self-immunizing 
phenomenon  to  x-ray  action.  I  have  in 
mind  the  striking  example  of  lymphosar- 
coma in  which  case  after  the  first  exposure 
to  x-rays  the  tumor  literally  melts  away; 
then  after  the  first  recurrence  it  becomes 
less  sensitive,  and  finally,  with  the  latest 
recurrences,  it  no  longer  reacts  even  to 
the  largest  doses  of  x-rays.  And  yet,  not 
only  in  the  case  of  malignant  lymphomas, 
but  in  all  recurrent  sarcomas  and  carcino- 
mas, one  invariably  observes  this  immuni- 
zation against  x-ray  influence;  so  that  we 
formulate  this  rule:  Malignaiit  recurrent 
anaplastic  blastomas  exhibit  a  decreasing 
sensitiveness  to  the  influence  0/  x-radialion. 

Now  if  we  contrast  this  diametrically 
opposite  behavior,  namely,  the  unaltered 
roentgen-sensiti\eness  of  benign  growths 
and  the  decreasing  roentgen-sensitiveness 
of  malignant  tumors,  then  we  must  finally 
acknowledge  that  here  lies  a  fundamental 
difference,  which  relates  to  the  principal 
peculiarities  of  malignant  blastomas  in 
their  reaction  to  x-rays.  While  the  benign 
cell  complex,  an  integral  part  of  the  organ- 
ism altruistic  in  character,  fully  transmits 
to  its  descendants  the  property  of  reacting 
to  x-ray  damage  by  an  arrest  of  growth, 
on  the  contrary,  with  malignant  blastomas, 
there  is  found  an  increasing  resistance 
to  x-radiation. 


P.  S.  Meyer  has  lately  reported  (Klin. 
Wchnschr.,  April,  1923)  on  theself-immuniz- 
ing  phenomena  of  the  bacillus  prodigiosus 
to  x-rays.  I  bclie\e  it  to  be  correct  to 
assert  that  the  adaptability  of  the  malig- 
nant blastomas  to  x-rays  is  analogous  in 
character  to  that  observed  by  Meyer  in 
his  work  with  bacillus  prodigiosus  colonies. 
One  may  see  frt)m  this  example  how,  by 
way  of  cell  metamorphosis  of  the  normal 
into  malignant  cells,  the  latter  has  literally 
assumed  the  character  of  an  autonomous, 
parasitic  growth. 

Now,  if  we  inquire  further  as  to  whether 
this  phenomenon  also  has,  as  a  basis,  a 
recognizable  histological  change,  we  must 
mention  the  researches  of  Aschoft',  who, 
in  common  with  Kronig  and  Gauss  (Miin- 
chen.  med.  Wchnschr.,  1913)  have  seen  in 
the  left-over  carcinomatous  remnants,  this 
metaplasia  as  one  of  greater  maturity;  as, 
for  example,  the  transformation  of  non- 
horny  into  horny  portiocarcinoma.  Differ- 
ing completely  from  these  findings  of 
Aschoff  are  those  of  Ludvig  Adler  (Zen- 
tralbl.  J.  Gynec,  Vienna,  1916)  who  stated 
positn'ely  that  a  ripening  of  the  tumors 
during  irradiation  is  not  at  all  observable 
and  that  in  all  cases  where,  after  exposure 
to  x-rays,  a  recurrence  appears,  the  recur- 
rence has  constantly  pro\en  itself  less 
differentiated  than  the  initial  fa\orably 
influenced  primary  tumor. 

Without  wishing  to  bring  into  this  dis- 
cussion these  controversial  questions  of 
greater  or  lesser  maturity,  it  seems  to  me 
very  important  to  emphasize  the  fact 
obtained  from  both  of  the  works  quoted 
that  morphological  changes  do  occur  in 
the  recurrence  of  mixed-cell  type  blastoma 
after  periodical  x-raying,  changes  which 
undoubtedly  are  connected  with  this  par- 
ticular self-immunizing  phenomenon. 

In  conclusion  I  wish  to  present  my  ow-n 
conception  of  the  problem  which  we  ha\c 
before  us.  While  benign  cells  of  a  like 
mother  tissue,  essentially  bound  together, 
are  submitted  to  the  same  laws  of  growth, 
the>'  form,  so  to  speak,  a  similar  cell  race; 
in  the  other  case  (malignant  growth)  one 
must  consider  the  recent  findings  of  tumor 
research  with  experimental  tar  carcinoma 
of  the  mouse  and  x-ray  carcinoma  which 
are  resulting  malignant  blastomas,  through 
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the  gradual  oft-repeated  breeding  from 
benign  hyperplasia. 

In  my  judgment  we  must  agree  that  in 
mahgnant  neoplasms,  both  benign  and 
malignant  elements  exist  in  numerous  modi- 
fications and  combinations,  all  of  which 
exhiiiit  varying  degrees  of  different  .v-ray 
sensiti\^eness. 

W  ith  the  -X-ray  attack  acting  upon  the 
malignant  blastoma  two  sequences  are 
possible:  (a)  The  entire  cell  group  is 
destroyed,  which  results  in  a  permanent 
disappearance  or  complete  heahng.  (b) 
The  .v-ray  sensitive  groups  are  destroyed 
while  the  less  sensitive  groups  are  only 
shghtly  checked  or  remain  uninjured, 
which  is  the  case  of  temporary  heahng 
or  only  shght  recovery. 

If  we  now  analyze  the  second  possibihty 
(which  alone  is  of  interest  to  us)  it  will 
be  clear  that  the  recurrent  tumor  will  be 
rebuilt  from  those  cell  groups  which, 
through  their  low  .x-ray  sensitiveness,  will 
thereby  be  protected  from  permanent 
destruction. 

Thus  considered  one  sees  why  the  recur- 
rent tumor  must  necessarily  exhibit  a 
lesser  x-ray  sensitiveness.  By  elimination 
of  the  .v-ray  sensitive  groups  we  have 
selectively  cultivated  the  lesser  sensitive 
groups.  It  is  my  opinion  that  there  is 
absolutely  no  doubt  but  that  with  all 
malignant  blastomas,  the  elements  of  which 
cannot  be  completely  destroyed  by  x-rays 
without  leaving  resistant  remnants,  we 
bring  about,  by  means  of  the  .v-rays  sooner 
or  later  an  evident  increase  of  resistance 
of  the  malignancy  against  the  arresting 
effect  of  the  v-ravs. 


The  question  immediately  arises  as  to 
whether  this  heightening  of  the  degree  of 
malignancy  is  exclusivelj'  an  .v-ray  specific 
or  whether  it  is  general.  Clinical  observa- 
tions make  it  probable  that  the  latter  is 
the  rule.  By  no  means,  however,  are  we 
able  a  priori  to  set  aside  the  possibility 
that,  through  such  selective  pure  culture 
of  the  tumor  cells  less  capable  of  being 
checked  in  growth,  there  follows  a  general 
heightening  of  the  malignancy,  in  the 
sense  that  the  blastoma  becomes  non- 
sensitive  to  .v-ray  influence  through  re- 
peated exposures  and  eventually  is  more 
refractory  to  the  retarding  influences 
naturally  existing  in  the  organism.  Natu- 
rally we  dare  not  withhold  this  self-evident 
possibility  in  considering  the  influence  of 
the  .v-rays.  For  even  in  the  unfa\'orabIe 
cases  we  succeed  in  obtaining  a  temporary 
lessening  of  the  endurance  of  the  tumor, 
which    improvement   cannot   be   foreseen. 

The  time  at  our  disposal  is  too  short 
to  discuss  the  subject  in  all  its  possibilities 
which  present  themselves  in  practice,  in 
the  conception  as  here  set  forth.  I  wish 
this  communication  to  direct  your  atten- 
tion to  this  proposition:  that  we  are  dealing 
with  fundamentally  different  biological 
situations  in  the  x-ray  reaction  of  benign 
tumors  and  in  the  .v-ray  reaction  of  malig- 
nant blastomas.  Through  this  it  is  under- 
standable that  while  advancement  of 
growth  is  not  demonstrable  after  .v-raying 
in  normal  tissues  fat  least  successfully  until 
now);  in  malignant  tumors  such  an  acceler- 
ation of  growth  is  possible  in  the  sense  of 
a  heightening  of  the  malignancy  produced 
bv  x-ravs  through  selective  breeding. 


RECENT  DEVELOPMENTS  IN  PROTECTIVE  METHODS 
AND  APPLIANCES  AS  USED  IN  RADIUM  THERAPY 

BY    CURTIS    F.    BURNAM,    M.D.,    AND    GRANT    E.    WARD,    M.D. 

BALTIMORE,    MARYLAND 


IN  using  radium,  especially  in  large 
quantities,  one  is  steadily  confronted 
with  the  problem  of  protection — protec- 
tion both  of  workers  and  patient.  Pro- 
tection of  the  workers  has  been  described 
in  an  article  by  Dr.  Howard  A.  Kelly  on 
"The  Care  of  Radium  in  the  Hospital" 
(Mod.  Hosp.,  May,  1922,  xviii,  No.  5).  We 
propose  to  mention  here  a  few  important 
appliances  developed  since  the  above 
publication. 

The  criteria  of  an  efficient  therapy  appa- 
ratus are  (i)  It  must  prevent  all  radiation 
of  the  patient  except  at  the  site  of  disease. 
Protection  against  general  radiation  is 
essential  to  guard  against  a  possible  anemia 
from  repeated  heavy  doses  over  blood- 
forming  organs.  A  satisfactory  apparatus 
must  also  protect  such  internal  secretion 
glands  as  adrenals  and  thyroid,  as  well  as 
ovaries  and  testicles.  Exceptions  to  this 
rule  are  the  radiation  of  large  fibroids, 
large  spleens  and  massive  tumors,  where 
any  possible  disturbances  arising  from 
scattered  rays  affecting  other  parts  of  the 
body  are  of  less  importance  than  an  incom- 
plete radiation.  (2)  The  perfect  apparatus 
must  permit  the  cross-firing  of  deep 
tumors  without  allowing  the  over-lapping 
of  the  rays  to  irritate  the  skin.  (3)  It 
must  be  capable  of  perfect  fixation  when 
in  position.  If  the  apparatus  is  easily 
dislodged  from  its  correct  position  during  a 
treatment  there  is  either  damage  to  the 
normal  part  or  an  inadequate  treatment  of 
the  disease.  (4)  It  must  also  be  comfortable 
for  the  patient,  as  the  treatments  some- 
times last  for  several  hours.  (5)  It  must  be 
so  constructed  that  it  can  be  adjusted 
easily  and  accurately  without  the  least 
possible  exposure  to  the  trained  operator. 
In  most  of  our  work  the  doctor  in  charge 
"sets  up"  the  appliance  and  leaves  the 
room  while  the  nurse,  whose  duty  in  the 
radium  department  covers  a  shorter  period 
of  time,  places  the  emanation  in  the  appli- 
cator (see  article  cited  above).  (6)  As 
far  as  possible  it  must  lessen  the  exposure 
of  the  nurses  who  handle  the  emanation. 


Guided  by  these  criteria  we  shall  now 
discuss  briefly  the  various  applicators  and 
their  relative  advantages. 

For  completeness'  sake  we  mention  first 
the  older  principle  of  the  plain  package, 
used  without  lead  filtration  wherever  a 
general  radiation  is  desired,  as  in  large 
spleens  and  fibroid  tumors.  The  package 
is  of  felt  of  a  thickness  equal  to  the  chosen 
distance  of  filtration;  is  about  2  X  3  inches 
at  the  end  resting  on  the  skin  and  is 
strapped  to  the  bottom  of  a  wooden  box 
with  a  hinged  cover.  The  prepared  package 
is  held  in  position  by  long  adhesive  straps 
running  out  to  sandbags  at  the  side  of 
the  patient.  The  operator  now  leaves  the 
room  and  the  nurse  enters,  carrying  the 
tubes  of  radium  emanation  with  a  long 
forceps  as  far  as  possible  from  her  body, 
and  drops  them  into  the  wooden  box. 
As  stated,  the  operator  himself  rarely 
handles  the  emanation,  while  the  nurses 
charged  with  this  duty  are  changed  so 
frequently  that  their  total  exposure  is 
negligible.  This  is  our  procedure  in  "setting 
up"  all  our  treatments,  with  the  exception 
of  those  special  ones  which  require  the 
more  experienced  hand  in  the  actual 
application. 

In  most  cases,  lead  protection  to  all 
parties  involved  is  advisable.  Our  former 
method  of  securing  this  was  a  flat  or 
curved  piece  of  lead  for  the  filter,  with  an 
opening  for  the  passage  of  the  rays  of  the 
size  and  shape  of  the  lesion  in  question; 
the  radium  was  then  laid  in  place  on  the 
distal  side  of  the  lead,  as  shown  in  Figure 
I,  Diags.  A,  B  and  C.  We  see  at  once  that 
there  are  several  possible  adjustments  of  a 
lead  filter  lying  between  the  emanation 
and  the  patient;  three  positions  are  shown 
in  Diags.  A,  B  and  C.  In  any  of  these  situa- 
tions there  is  of  necessity  a  great  scattering 
of  rays  (s)  which  travel  in  ail  directions. 
To  limit  this  distribution  one  of  us  (G._E. 
Ward)  devised  a  cylinder  whose  operating 
principle  is  shown  in  Figure  i,  Diag.  D; 
with  a  longitudinal,  sectional  view  in  Diag. 
E.  In  such  an  arrangement  with  a  wall  of 
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I  in.  of  lead,  the  scattering  is  reduced  to 
below  20  per  cent  of  its  original  intensity, 
while  the  rays  tra\eling  directly  toward  the 
lesion  (d)  remain  unatfected  and  unab- 
sorbed.  The  filtration  of  the  oblique  rays 
adjacent  to  the  circle  (d)  the  area  under 
treatment,  is  through  2  to  3  in.  of  lead.  In 
actual  use  this  radium  emanation  carrier 
holds  many  emanation  tubes  of  varying 
strength.  In  order  to  assure  a  more  uniform 
radiation  of  the  area  treated,  the  strong 
tubes  are   placed   in   the   central   pockets, 


jarring  the  emanation  out  of  place;  it  is 
also  comfortable,  as  there  is  no  pressure 
against  the  skin.  It  is  easily  adjusted  so 
that  the  operator  when  leaving  the  room 
is  confident  there  can  be  no  mistake  in 
inserting  the  emanation.  By  means  of  the 
extra  lead  in  the  cover  of  the  carrier  (see 
/,  Diag.  D,  Fig.  i)  the  nurse's  hands  are 
protected.  General  radiation  of  the  body 
is  limited  and  by  mapping  out  the  various 
areas  over  a  large  tumor  and  focusing  them 
at    several    angles,    cross-firing  is  secured 


Fig.  I.  Diagram  of  the  principle  of  plain  lead  filters  as  compared  with  the  \\'ard  cylinder.  The  lettering  In 
all  diagrams  is  as  follows:  (r)  box  containing  radium  emanation;  (/)  lead  filter  with  portal  (ol;  (p)  skin  of 
patient;  (s)  scattered  rays.  Diagram  A,  lead  filter  (l)  next  to  the  radium  emanation.  Diagram  B,  lead  filter 
(/)  midway  between  radium  emanation  and  patient.  Diagram  C,  lead  filter  next  to  the  skin.  Diagram  D 
illustrates  how  the  rays  are  absorbed  by  the  walls  of  the  cylinder,  only  those  destined  to  reach  the  lesion 
being  unobstructed;   (0  represents  i  in.  of  lead  in  the  cover   of  the   emanation    carrier    (r)    which   affords 

f)rotcction  of  the  nurse's  hand  while  she  is  inserting  or  removing  it  from  the  cylinder.  Diagram  E,  a 
ongitudinal  sectional  view  of  the  cylinder  containing  emanation  carrier.  The  latter  is  equipped  with 
handle  to  iacilitate  in  manipulation.  The  length  of  the  handle  and  the  carrier  together  correspond  to  the 
length  of  the  cylinder.  A  scale  is  so  arranged  on  the  handle  that  as  the  carrier  is  moved  in  the  cylinder  the 
number  of  inches  read  at  the  distal  end  indicates  the  distance  of  filtration. 


the  weaker  ones  next,  and  the  weakest  in  the 
marginal  pockets.  The  carrier  is  rotated 
during  the  treatment  by  the  nurse  by 
turning  its  handle  clockwise,  so  that  at  the 
end  of  the  treatment  it  has  completed  the 
circumference  of  the  cylinder.  Such  an 
applicatormeets  all  the  criteria  of  elliciency. 
Figure  2  shows  a  cylinder  in  placeduring 
the  treatment  of  a  parotid  tumor;  note 
protection  of  the  eye,  ear,  shoulder  and 
neck.  With  this  instrument  we  focus 
accurateU     upon    the    disease    without 


w  ithout  irritating  the  skin.  Whether  there 
is  an  actual  increase  in  the  dosage,  due 
to  reflection  of  the  gamma  rays  from 
the  lead,  remains  to  be  determined.  De- 
tailed measurements  of  the  width  and 
intensity  of  the  cone  of  rays  at  various 
depths  beneath  the  skin  will  furnish 
desirable  data  as  to  the  actual  intensity  of 
treatments  at  given  depths.  We  believe 
that  the  di\erging  cone  of  radium  rays 
]Dermits   of  more   accurate   focusing  than 
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of  rays  from  the  Coolidge  .v-ray  tube,  for  Following  the  introduction  of  our  lead 

the  deeper   the  cone  of  the  radium  rays     cyhnders    we    noticed    the    striking    fact 


Fig.  2.  Suspension  apparatus  and'cylinder  "set  up"  as  in  the  treatment  of  a  parotid  tumor;  (a)  shaft; 
(fc)  pulley  carrying  cable  (c)  which  suspends  shaft  and  counterbalances  weight  (d);  (e) 'safety  hand- 
screw;  (/,  g  and  i)  thumbscrews  for  adjusting  cylinder;  ik)  cogs  preventing  bail  (6)  from  slipping; 
(n)  scale  on  handle  (ml  of  radium  carrier;  (n)  aluminum  filter  cap;  (p)  sheet  rubber  filter;  (s  and  () 
braces  ending  in  brass  plates  (u  and  r)  which  prevent  any  swaying  of  shaft. 

penetrates,  the  wider  it  grows  and  the  that  the  same  dosage  we  had  been  using 
more  certain  it  is  to  cover  all  the  disease,  in  lii^e  cases  with  the  plain  package  now 
Further  studies  will  be  issued  as  completed,     caused  a  marked  erythema  in  some  80  per 
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cent,  sometimes  even  amounting  to  blister- 
ing, an  obviously  undesirable  reaction. 
The  irritation  was  not  like  an  overdose  of 
gamma  rays,  but  came  from  two  or  three 
days  to  as  late  as  five  weeks  after  the 
treatment  and  lasted  from  a  few  days  to 
six  weeks.  (This  has  been  a  matter  of 
careful  statistical  research.)  We  thought  at 
first  that  it  was  due  to  "K  radiations" 
from  the  lead  (that  is  to  say,  specific  for 
lead)  or  possibly  to  some  excited  secondary 
beta  radiations.  To  obviate  this  we  first 
tried  placing  two  to  four  layers  of  thin 
rubber  between  the  orifice  of  the  cylinder 


2-in.  cylinder,  and  the  one  at  C,  Figure  3, 
is  curved  to  fit  the  end  of  the  cylinder  B  of 
the  same  figure. 

At  D,  Figure  3,  are  shown  several  circu- 
lar applicators  of  a  different  type;  these 
are  used  when  it  is  not  necessary  to  guard 
so  carefully  against  scattering,  but  when 
some  lead  protection  is  advisable,  and 
also  in  treating  with  the  portable  suspen- 
sion table  (described  later).  This  set  of 
applicators  consists  of  a  series  of  four 
rings,  each  2  in.  high  and  fitting  one  inside 
the  other  as  shown.  In  the  figure  one  is 
raised  above  another  to  demonstrate  the 


Fig.  3.  A,  "square  cylinder."  The  advantage  here  is  that  in  treating  adjacent  areas  the  square  portals 
leave  no  portion  of  the  tumors  unradiatcd:  (()  holes  for  thumbscrews  which  hold  cylinder  in  suspension 
apparatus.  B,  a  cylinder  with  proximal  end  cut  to  lit  curved  surface  of  the  skull.  This  was  used  in  treating 
an  inoperable  brain  tumor  Irom  five  angles  without  overlapping.  C,  aluminum  liltcr;  cap  curved  to  fit 
cylinder  B.  D,  set  of  treatment  rings  shown  in  the  car  which  carries  them  and  which  runs  on  the  track 
of  the  portable  suspension  table  shown  in  Figure  6;  (r)  lead  rings;  (/)  flanges  to  fit  tracks;  {j)  thumb- 
screw which  tightens  against  track  and  serves  as  brake  on  the  car;  (k)  thumbscrew  adjusting  angle  of 
the  car  and  rings  with  the  skin.  E,  2-in.  cylinder  with  adjusting  apparatus  as  used  with  the  portable  sus- 
pension table  shown  in  Figure  6.  In  the  figure  a  longer  cylinder  (b)  with  a  i-in.  portal  is  seen  project- 
ing from  the  2-in.  portal  of  the  larger  and  shorter  cylinder.  Such  a  device  is  used  in  treating  glands 
situated  in  dillicult  places,  as  beneath  the  jaw,  etc.;  (a)  wall  of  2-in.  cylinder  made  of  i  in.  of  lead,  (c)  Js 
in.  brass  reinforcing  lead;  (/and  g)  thumbscrews  for  adjusting  cylinder  to  any  angle  with  the  skin;  (o) 
car  for  portable  suspension  table  seen  in  Figure  6;  (d  and  e)  wing  nuts  for  adjusting  height  of  cylinder. 


and  the  skin,  and  failed;  2  mm.  of  alumi- 
num were  then  added  to  the  rubber,  and 
since  that  time  we  ha\e  had  no  more  of 
the  irritation.  The  aluminum  absorbs  the 
secondary  rays  from  the  lead  and  the 
rubber  the  secondary  rays  from  the  alumi- 
num and  we  are  quit  of  them.  These 
aluminum  protectors  are  thin  discs  i  mm. 
in  thickness,  cut  to  fit  the  size  and  shape  of 
the  end  of  each  cylinder  applicator  nearest 
the  skin.  The  one  at  D,  Figure  4,  is  for  the 


construction.  The  portals  are  i,  2,  3  and 
4  in.  in  diameter.  In  setting  up  the  appa- 
ratus the  desired  portal  is  chosen  and  the 
box  containing  the  raditim  emanation  is 
placed  on  an  adhesive  tape  strapped 
across  the  top  of  the  portal.  The  rings  are 
shown  in  the  car  made  to  carry  them  (see 
description  of  portable  suspension  table, 
Fig.  6). 

In    using   such    heavy    applicators,    the 
question    imnu-diately    arises    as    to    the 
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mechanism  of  handling  and  support,  ratus  shown  in  Figure  2.  (We  owe  much 
Se^■eraI  ideas  were  suggested,  but  the  one  to  the  cooperation  of  Dr.  Fred  West  of 
which    seemed     the     most    efiiclent    and     our  staff  and   to   Messrs.   Nicholson   and 


Fig.  4.  A,  emanation  carrier  for  2-in.  cylinder;  B,  emanation  carrier  for  i-in.  cylinder; 
C,  emanation  carrier  for  "square  cylinder";  (0  I  in.  of  lead  in  cover  of  carrier 
(in  square  carrier  C  it  is  J'jj  in.  in  thickness);  (r)  emanation  container  made  of  hard 
rubber  reinforced  with  brass  (no  brass  on  bottom  so  that  filtration  is  only  through  a 
thin  layer  of  rubber);  (s)  brass  stubs  so  arranged  that  movements  of  the  cross-bar 
of  the  handle  upwards  force  them  against  the  inner  wall  of  the  cylinder,  thus  fixing 
the  carrier  at  the  desired  point.  In  C  the  spring  of  the  handle  serves  to  force  stubs 
against  wall  of  the  cylinder;  (i)  scale  in  inches  indicating  distance  of  radium 
emanation  from  mouth  of  the  cylinder;  D,  aluminum  filter-cap  for  2-in.  cylinder. 
This  slips  easily  over  proximal  end  of  the  cylinder  and  is  held  in  place  by  brass 
springs  (6)  at  the  sides.   , 


'r    / 


Fig.  5.  B  and  C,  emanation  carriers  for  the  i-in.  and  2-in.  cylinders  respectively;  open  to  show  pockets 
(()  for  emanation  tubes  (s,  /  and  r)  as  in  Figure  A,  emanation  carrier  for  square  cylinder,  open  to  show 
plain  brass  box  (r)  without  separate  holes  for  each  tube.  This  is  used  when  our  emanation  tubes  are  of 
variable  size,  as  when  several  special-size  tubes  are  made  for  a  specific  treatment  and  later  used  in  the 
composite  package  of  emanation. 

permitted  of  all  movements,  so  that  Johnson,  mechanics,  for  help  in  devismg 
focusing  in  any  direction  and  on  any  tumor  the  suspension  apparatus,  as_  well  as  the 
would  be  easy,  was  the  suspension  appa-     treatment  table  and  mechanical  achieve- 
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ments  of  tlie  cylinder.  Their  skilled  work- 
manship has  made  these  appliances 
possible.) 

The  suspension  apparatus  is  briefly  as 
follows:  A  firm  track  of  4-in.  angle  iron 
carrying  a  fairly  long  crane  is  built  in  the 
room.  The  crane  supports  a  car  18  in. 
square  and  made  of  2-in.  angle  iron.  The 
cylinders  are  suspended  from  the  car  by 
means  of  a  shaft  (a)  of  ii2-Jn.  pipe  swung 
on  two  cables  (c)  running  over  two  pulle>s 
(b)  at  the  top  and  fastened  to  a  weight 


patient  to  the  treatment  room.  Accordingly, 
a  portable  suspension  table  (referred  to 
above)  is  used,  the  patient  remaining  in 
his  own  bed.  This  apparatus,  illustrated 
in  Figure  6,  carried  any  type  of  cylinder 
as  well  as  the  concentric  rings.  In  the  illus- 
tration the  largest  ring  and  a  2-in.  cylinder 
are  shown  in  place,  although  of  course, 
only  one  is  used  at  a  time  when  treating. 
For  further  protection  to  workers,  and 
for  further  facilitating  giving  various  treat- 
ments, C.   F.  Burnam  devised  the  treat- 


FiG.  6.  Portable  suspension  table;  (n)  two  vertical  slots  in  end  of  the  table  through 
which  pass  bolts  from  adjustable  tap  (fc)  allowing  it  to  be  fixed  at  any 
desired  height  by  tightening  thumbscrew  (p);  (()  track;  (h  and  o)  cars.  One 
track  is  pivoted  at  (</),  the  end  (m)  being  movable  so  that,  by  spreading,  the 
cars  may  be  taken  off  or  put  on;  (u)  thumbscrew  for  tightening  movable  end 
of  track.  (I)  brake  for  car  (o)  thumbscrew  removed.  Other  lettering  as  in  D  and 
E,  Figure  3. 


(d)  which  counter-balances  the  cylinder. 
In  this  manner  a  vertical  movement  of  22 
in.  may  be  given  to  the  cylinder  without 
necessitating  actual  lifting.  A  safety  hand- 
screw  (e)  is  placed  in  the  lower  end  of  the 
car,  which,  when  tight,  prevents  any 
vertical  movement  of  the  shaft,  thereby 
assuring  a  firm  position  when  set  up  and 
at  the  same  time  guarding  against  accident 
if  the  cable  should  break.  A  series  of 
thumb-screw'S  allows  all  mo\cments  neces- 
sar\-  to  focus  at  any  point  on  the  body. 
\\  ith  this  suspension  all  weight  is  taken 
oir  the  patient,  who  is  thus  able  to  lie 
comfortably  for  several  hours.  It  is  often 
impossible     or     inexpedient     to     bring     a 


ment  table  shown  In  Figure  ~,  made  of 
wood  and  measuring  6  ft.,  8  In.  In  length, 
and  2  ft.,  1 1  in.  in  width,  and  standing  2  ft., 
8  in.  high.  The  top  is  smooth  except  for  a 
}i-in.  ridge  around  the  edge  to  hold  the 
mattress  on.  The  protective  feature  of  this 
table  consists  of  a  lead  block  i  in.  thick 
and  18  In.  square  beneath  the  top  of  the 
table  and  carried  by  a  car  running  on  track 
and  crane.  By  means  of  rope,  pulleys  and 
crank,  and  handles  projecting  down  from 
the  car,  as  indicated  in  the  figure,  and 
reproduced  in  the  cut,  this  lead  block 
may  be  placed  directly  In  line  of  fire  of  the 
rays  from  the  charge  of  radium  emanation 
in    the    cvlinder,    thercbv    absorbing    the 
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rays  and  safeguarding  those  in  the  room 
below.  This  may  seem  unnecessary  at  first, 
but  when  we  recall  the  sad  experience 
of  the  fogging  of  se\'enty-five  dollars' 
worth  of  photographic  plates  in  a  room 
obliquely  below  the  one  in  which  radium 
treatments  were  given,  the  caution  is 
clearly  justified.  A  glance  at  the  figure 
shows  a  two-piece  mattress,  the  upper  and 
larger  part  measuring  2  by  4  ft.  and  the 
lower  and   smaller   one   2    ft.   square,   the 


mattress  is  now  put  under  the  legs,  the 
handle  of  the  radium  applicator  being 
strapped  securely  to  sandbags.  In  this 
manner  lifting  and  tugging  at  the  patient 
with  the  consequent  danger  of  dislodging 
the  radium  applicator  are  avoided  and  the 
treatment  is  affected  quietly  and  easily. 

SUMM.ARY 

I.  Great   emphasis   must  be  placed  on 
thorough    protection    in    using   radium    in 


Fig.  7.  A,  Burnam  treatment  table,  (a)  track  of  2-in.  angle  iron;  (b)  end  of  crane  with  arrow  indicating  center; 
(c)  handle  for  moving  car;  id,  e  and/)  crank,  rope  and  pulley  respectively,  used  for  moving  crane.  (/  and  u)  lower 
and  upper  mattresses  respectively,  separated  to  show  construction.  B,  Insert  showing  crane  (6)  and  car  (g)  carry- 
ing i-in.  lead  block  (6)  i8  in.  square;  (t)  tracks  on  crane  for  car  (g);  (c,  e  and  a)  as  in  A. 


purpose  being  to  facilitate  cervical,  intra- 
uterine, rectal  and  other  treatments  recjuir- 
ing  a  change  from  the  perineal  to  the 
dorsal  posture.  In  such  cases  the  lower 
mattress  is  removed  and  the  upper  one 
brought  to  the  foot  of  the  table.  The 
patient  is  put  in  the  perineal  position, 
and  the  treatment  applied,  with  or  without 
anesthesia,  after  which  the  upper  mattress 
is  pulled  back  into  place,  bringing  the 
patient  completely  on  the  table.  The  lower 


therapeutics.  The  following  essential  fea- 
tures must  be  borne  in  mind  in  choosing 
efficient  apparatus  for  heavy  treatments. 

(a)  It  must  prevent  as  far  as  possible 
all  radiation  of  the  patient  except  at  the 
site  of  the  disease. 

(b)  It  must  permit  of  cross-firing  at  deep 
tumors  without  over-lapping.  An  example 
of  this  may  be  seen  in  the  treatment  of 
rectal  carcinoma  where,  by  the  use  of  these 
cylinders,     we     frequently    give     lO    gm. 
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hours  radiation  at  a  3-in.  distance  over 
six  areas.  These  areas  are  chosen  over 
sacrum,  perineum  and  abdomen.  Taking 
the  distance  from  the  skin  to  the  growth 
as  being  on  an  average  of  aj-^  in.  we  see 
that  the  total  dose  would  be  60  gm.  hours 
at  5  in.  distance,  or  more  than  2  gm.  hours 
direct,  and  at  the  same  time  we  are 
radiating  any  metastatic  growth  in  the 
pelvis. 

(c)  It  must  be  capable  of  being  made 
absolutely  immobile  after  it  is  once  "set 
up,"  so  that  the  operator  will  be  confident 
that  when  he  leaves  the  room  the  nurse 
can  easily  place  the  charge  without  dislodg- 
ing the  apparatus. 

(d)  It  must  be  easy  and  accurate  of 
manipulation  without  exposure  of  the 
operator. 

(e)  It  must  be  comfortable  for  the 
patient. 


(J)  It  must  limit  as  far  as  possible 
exposure  to  nurses  handling  the  emanation. 

These  criteria  we  claim  are  met  in  the 
cylinders  and  the  suspension  apparatus 
above  described. 

2.  We  wish  to  encourage  the  use  of 
aluminum  and  rubber  as  efficient  filters 
to  absorb  soft,  secondary  radiation  when 
using  lead  protection  in  radium  therapy. 
(In  treating  growths  in  the  mouth,  vagina 
and  other  cavities,  the  gauze  in  which  the 
lead  filters  are  wrapped  absorbs  the  soft 
secondary  rays  from  the  lead.) 

3.  With  the  use  of  the  treatment  table 
we  can  greatly  facilitate  our  heavy  ex- 
ternal treatments  and  our  intrauterine 
and  other  treatments  requiring  a  change 
of  posture  from  the  perineal  to  the  dorsal, 
at  the  same  time  affording  an  added 
protection  to  those  in  the  rooms  below  the 
one  in  which  the  treatment  is  being  given. 
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2  with  implantations,  75  with  surface 
applications.  One  with  implantation  of 
tubes  did  not  return  for  re-examination, 
but  the  other  showed  considerable  diminu- 
tion in  the  size  of  the  gland  and  improve- 
ment in  symptoms.  Aikins'  in  1916, 
had  treated  45  cases  with  surface  applica- 
tions and  in  1920,^  reported  a  total  of 
100  so  treated.  Clagett^  in  1920,  reported 
31  cases  in  which  surface  applications  of 
radium  had  been  used.  Terry"  in  192 1, 
implanted  emanation  tubes  in  1 1  cases 
and  in  1922,^  reported  22  additional  ones. 
While  the  reports  from  these  authors 
were  in  all  instances  fa\'orable,  the  tech- 
nique of  application  and  the  dosage  varied 
very  markedly.  Abbc^  implanted  100 
mg.  of  unscreened  radium  for  twenty-four 
hours  (2,400  mg.  hrs.).  Aikins''  screened 
the  beta   rays   and  employed   a   primary 

•  Prelimin.iry  report  read  before  the  Section  of  Experimental  Sursery,  American  College  of  Surgeons.  Philadelphia,  Pa..  October.  1921 . 


HE  following  work  was  undertaken 
to  determine  the  effect  of  radium  rays 
on  normal  thyroid  tissue.  The  results, 
we  feel,  will  be  of  interest  to  the  radiologist, 
for  they  seem  to  emphasize  that  the  type 
of  tissue  radiated  is  of  equal  importance  to 
the  dosage. 

Abbe^  in  1904,  reported  a  case  of  exoph- 
thalmic goiter  in  which  a  capsule  contain- 
ing 10  cgm.  of  Curie  radium  (300,000 
acti\ity)  was  inserted  in  the  hypertrophied 
middle  lobe  and  allowed  to  remain  i7i 
situ  for  twenty-four  hours.  Four  months 
later,  the  patient  felt  subjectively  well, 
although  a  slight  tachycardia  was  still 
present.  The  circumference  of  the  neck 
had  diminished  i}^)  in-  and  the  thyroid 
seemed  to  be  about  3'^  its  former  size. 
Burrows-  in  1918,  reported  79  cases  of 
exophthalmic   goiter   treated    by    radium; 
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treatment  of  150-360  mg.  hrs.,  and  sub- 
sequent treatments  of  50-150  mg.  hrs. 
Clagett'  obtained  symptomatic  cure  using 
50  mg.  hrs.  of  radium  screened  by  silver, 
brass  and  rubber.  Later  he  applied  100 
mg.  of  radium  filtered  through  lead,  rubber 
and  platinum  for  from  6-12  hrs.  (600-1200 
mg.  hrs.).  With  the  exception  of  Terry ^ 
none  of  these  authors  reported  the  histo- 
logic changes  in  the  thyroid  following 
radiation,  nor  ha\e  we  found  any  reference 
in  the  literature  to  the  changes  produced 
by  radium  in  the  normal  thyroid. 

Dogs  were  used  in  the  experiments 
because  of  the  size  of  the  thyroid  glands 
and  because  histologically  they  are  almost 
identical  to  those  in  man.  Implantation 
of  radium  needles  was  chosen  as  the  best 
method  of  determining  the  changes  pro- 
duced, since  the  eflects  of  different  dosages 
could  be  accurately  noted,  and  there  would 
be  no  chance  of  the  needles  slipping, 
which  might  occur  if  surface  applications 
were  employed.  Needles  containing  12.5 
mg.  of  radium  were  used  throughout  the 
experiments.  A  steel  needle,  of  the  same 
size  as  that  containing  the  radium,  was 
used  as  a  control.  Both  were  threaded 
with  silk  and  sterilized  by  placing  in 
95  per  cent  alcohol  for  twenty  minutes. 
The  dogs  were  etherized,  the  necks  shaved 
and  painted  with  tincture  of  iodine. 
The  glands,  lying  one  on  either  side  of 
the  trachea,  just  below  the  thyroid  carti- 
lage, were  exposed  through  a  mid-line 
mcision  and  separation  of  the  neck  muscles. 
The  thyroid  was  freed  from  the  surround- 
ing loose  areolar  tissue  by  blunt  dissection, 
care  being  taken  not  to  injure  the  blood 
supply  entering  the  gland  at  the  inferior 
pole.  The  glands  were  very  resistant  and 
tough,  so  a  cataract  knife  was  used  as  an 
obturator,  as  this  produced  less  trauma 
than  the  attempt  at  forceful  introduction 
of  the  needle  alone.  Both  radium  and  con- 
trol needles  were  inserted  into  the  thyroid 
at  the  inferior  pole  as  near  the  center  as 
possible;  the  glands  were  then  allowed  to 
slip  back  in  place  and  the  silk  strings 
brought  to  the  lower  end  of  the  incision 
and  coiled  up  between  the  fascia  and  the 
skin.  Both  fascia  and  skin  were  closed 
with  interrupted  silk  sutures.  After  varying 
periods    of    time,    the    dogs    were    again 


anesthetized,  a  few  of  the  sutures  removed 
and  the  needles  drawn  out  by  gentle 
traction.  The  wounds  were  closed  without 
drainage.  With  the  exception  of  one 
stitch  abscess  in  Dog  No.  2,  all  wounds 
healed  by  primary  union.  The  animals, 
with  the  exception  of  two,  showed  no 
ill  effects  from  the  operation  or  from  the 
loss  of  thyroid  tissue,  which  was  small 
in  all  cases.  Dog  No.  7,  operated  on  in 
the  heat  of  midsummer,  was  extremely 
sick  and  prostrated,  although  the  wound 
was  clean.  In  Dog  No.  13,  the  radiated 
gland  had  diminished  to  one-quarter  the 
size  of  the  control  gland,  while  the  dog 
had  mcreased  in  weight  and  had  become 
less  active.  They  were  killed  at  the  expira- 
tion of  a  specified  time  (Chart  I).  The 
glands  were  weighed,  hardened  in  salt 
solution  containing  4  per  cent  formalin, 
sectioned  and  stained  by  the  routine 
method  (haemotoxylin  and  eosin)  and 
Mallory's  connective  tissue  stain. 

In  all,  15  dogs  were  employed.  The 
needles  remained  in  the  thyroid  from  2 
to  1 3 1/2  hours.  The  glands  were  removed 
at  the  end  of  7,  10,  14,  21,  28,  68,  73,  75, 
84,  and  210  days.  The  results  can  be 
briefly  summarized  as  follows: 

RESULTS 

The  portion  of  the  gland  affected  by 
the  radium  showed  grossly  as  a  yellowish 
area  surrounded  by  a  narrow  reddish 
band.  The  size  \aried  with  the  length  of 
time  the  radium  acted,  but  not  in  direct 
proportion.  In  Dog  No.  i,  25  mg.  hrs. 
produced  a  lesion  i  X  2  mm.  in  diameter; 
Dog  No.  3,  following  50  mg.  hrs.,  showed 
an  area  of  destruction  2X4  mm.,  while 
in  Dog  No.  5,  an  exposure  of  112  mg. 
hrs.  destroyed  only  an  area  4X3  mm. 
in  diameter. 

The  destructive  action  of  the  radium 
persisted  to  about  the  beginning  of  the 
third  week,  with  an  increase  in  the  weight 
of  the  gland  as  compared  to  the  weight  of 
the  opposite  lobe;  after  that,  organization 
and  healing  began  and  the  weight  dimin- 
ished. Prior  to  the  third  week,  the  essential 
histologic  change  was  one  of  necrosis 
and  hemorrhage.  The  necrosis  was  con- 
fined to  the  central  portion  of  the  affected 
area     and    appeared    as    an    amorphous 
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material,  in  which  all  structural  elements  cytes,  a  few  plasma  cells  and  an  occasional 

were    lost,    even    the    blood-vessels.    This  polymorphonuclear     leucocyte.      Immedi- 

area   of  complete   necrosis  merged  almost  ately  peripheral  to  this  was  a  narrow  zone 

imperceptibly    into   a   peripheral   zone   of  of  hemorrhage,  lying  in  a  tissue  architec- 


C'llAKT     I 


Dog 

Date 

of 
Opera- 

Control 

Mg. 

Hrs. 

Radium 

Glands 
Removed 

Weight 
Radi- 
ated 
Gland, 

\i:  •  L^     Area  of 
Weight  1      p, 

Control         "ll 

Gland,       "l^- 
^^   '         tion, 

^""^          Mm. 

Weight 
Dog, 
Kilo. 

Remarks 

tion 

Gm. 

I 

4/22/21 

Steel  needle 

25 

loth  day 

I   39 

1.34      1.0X2.0 

14.8 

1 

II 

4/29/2 1 

Steel  needle 

25 

14th  day 

0.755 

0.715    1.0X2.0 

14.0 

III 

5/  3/21 

Steel  needle 

50 

14th  day 

1.29 

1.13      2.0X4.0 

13.6 

IV 

,-'   5/21 

Dog  usee 

as  contr 

jl  to  compare  weight 

of  glands.  One 

weighed 

1.93    gm.; 

the  other 

2.09 

V 

510/21 

0.3  c.c.  qui- 
nine     urea 
hydro- 
chloride 

1 12 

14th  day 

0.84 

0.61      4.0X3.0 

14.6 

Control  gland  small, 
indurated  and 
densely  adherent 

VI 

6/22   21 

Steel  needle 

100 

70th  day 

0  69 

0 .  780    4.0X3.0 

9-7 

VII 

6/24  21 

0.3  c.c.   qui- 
nine     urea 
h   y  d  r  0- 
chloride 

1 12 

2 1  St  day 

1 .025 

1.592    2.0X2.0 

14  3 

Dog  prostrated, 
wound  clean,  hemor- 
rhage around  control 
gland 

VIII 

6;    24/2  I 

0.3  c.c.  boil- 
ing water 

106 

28th  day 

0  935 

1.273    2.5X30 

15,0 

IX 

-'16/21 

Steel  needle 

100 

84th  day 

0.475 

0  840    3.0X2.0 

II. 8 

Radiated  gland  ap- 
p  e  a  r  e  d  pale  and 
bloodless:  calcifica- 
tion 

X 

3/1 1/22 

Steel  needle 

125 

73d  dav 

0.  197 

0  215    3  5X2.5 

II. 3 

XI 

3/16/22 

Steel  needle 

150 

68th  day 

0.325 

0  695    4.0X2.5 

14.0 

XII 

3/30,  22 

Steel  needle 

168 

75th  day 

40X5.5 

Radiated  gland  pale: 
calcification 

XIII 

5/    4/22 

Steel  needle 

150 

2ioth  day 

0   16 

0.735     1.0X0  5 

Gland  extremely  small 
J       1 

and  pale 


Ch.\rt   II 


Amount 
T.^         Radium 
D°g       Used, 
Mg. 


Scree 


Date  Date 

Inserted     Removed 


Area 
Mg.      1    Tissue  De- 

Hours    !    Excised     stroyed,  | 
Mm. 


Remarks 


XIV  50         I  mm.  brass     4/20/22      4/21/22 

XV  50  1  mm.  brass     4/27/22      4/28/22 


4/26/22  I  13X16  Dog  in  good  health  when 
killed 

5/  8/22  16X19  Dog  survived  partial  pan- 
createctomy, dying  in  De- 
cember, 1922,  in  an  emaci- 
ated condition.  At  autop.sy 
no  remnants  of  pancreas 
could  be  found 


necrosis,  resembling  the  microscopic  pic- 
ture of  an  early  infarct,  in  which  shadows 
of  former  acini  and  remains  of  blood- 
vessels could  be  distinguished.  Scattered 
throughout  were  fibrin  and  red  blood- 
cells.  The  outer  border  of  this  zone  con- 
tained many  fragmented  nuclei,  lympho- 


turally  distorted,  but  showing  only  shght 
degenerative  histologic  changes. 

Segments  of  acini  remained,  showing 
swollen  cuboidal  epithelium  with  deeply 
staining  nuclei.  Other  acini  were  intact 
but  much  slirunken.  Colloid  was  scant  or 
entirelv  lacking  and  the  vesicles  contained 
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Dog  I.  25  mg.  hrs.  Gland  removed  lotli  day. 


Dog  II.  25  mg.' hrs.  Gland  removed  14th  day.  Note 
sharp  line  of  demarcation  between  normal  tissue  and 
destroyed  area. 


Dog  III.  50  mg.  hrs.  Gland  rtinuvcd  14th  day.  Dog  V.   112  mg.  hrs.  Gland  removed   14th  day.  Note 

increased  area  of  necrosis  compared  to  Dog  III. 
Fig.   I.  EHc'Ct  of  varying  exposures  of  the  thyroid  of  dogs  to  raduim. 
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Dog  VI.   100  mg.  Iirs.  CFlund  removed  7th  day.  Note 
wide  zone  of  hemorrhage. 


Dog  VII.  112  ing.  hrs.  Gland  removed  21st  dav. 


DogVlll.    lud  mg.   his.  Gland  removed  28'.li  day.  Dog  1\.   100  mg.  Iirs.  Gland  removed  84th  .day. 

Note  sharp  line  of  demarcation   between  healthy  Note  areas  of  calcification, 

and  necrotic  tissue. 
Fi<;.  2.  Effect  of  radium  on  thyroids  removed  at  varying  periods  of  time.  Mg.  hrs.  exposure  practically  identical. 
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Dog  X.  125  mg.  hrs.  Gland  removed  73rd  day. 


Dog  XI.  150  mg.  hrs.  Gland  removed  68th  day.  Cora- 
pare  with  dog  IX. 


Dog    XII.    lOb  mg.  hrs.  Ghmd  removed  77th  day.  Dog  XIII.  150  mg.  hrs.  GLind  removed  210th  day. 

Calcification  present. 

Fig.  3.  Effect  of  increased  do.sage  on  thyroid  of  dogs. 
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Fig.  4.  Effect  of  steel  needle  in  thyroid  lor  H  lirs.  Gland       Fi(j  5.  Eflect  ol  0.3  e.c.  ul  u.3  per  (.en'.  quiniiK  and  urea 
removed  7th  day  hydrochloride.  Gland  removed  14th  day. 


Fk,.   6     II 
affected 

and  inon 


igli  power  plioloniicrogr.iph  of  border  of  FiG.  7.  1  ligh  power  photomicrograph  of  pancreas  well 
rea  in  thyroid.  Note  hyperchroniatic  nuclei  beyond  area  of  necrosis  produced  by  radium.  Most 

oniiclear  cell  infiltration.  nuclei  show  hyperchromatisni,  althougii  some  exhibit 

poor  staining  qualities.  In  many  the  nucleolus  alone 
remains,  surrounded  by  a  nuclear  membrane. 
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many  red  blood-cells  and  occasional 
degenerated  vacuolated  large  mononuclear 
phagocytes.  Beyond  this,  the  acini 
appeared  normal.  They  were  lined  by  a 
flattened  cuboidal  epithelium,  resembhng 
that  at  the  periphery  of  the  gland,  and 
showed  no  degenerative  changes  in  either 
nuclei  or  cytoplasm.  They  were  filled 
with  colloid  material  of  almost  the  same 
density  as  that  at  a  distance,  although 
occasional  red  blood-cells  and  phagocytes 
were  present.  The  thyroid  vesicles,  dis- 
tant from  the  zone  of  hemorrhage  about 
the  depth  of  two  acini,  were  normal  as  far 
as  we  could  determine  by  ordinary  staining 
methods.  The  degenerative  changes  in 
the  nuclei  of  epithelial  cells,  namely  the 
vacuolization  and  apparent  dropping  out 
of  the  nuclear  material,  so  often  found  in 
radiated  malignant  tissue,  were  not  noted, 
nor  was  any  constant  change  observed 
in  the  blood-vessels  as  reported  by 
Williamson,  Brown  and  Butler''  in  their 
work  on  the  brain  of  dogs. 

About  the  third  week,  organization  and 
healing  began  by  a  proliferation  of  fibro- 
blasts from  the  periphery.  The  necrotic 
material  was  partially  removed  by  phago- 
cytosis and  was  replaced  by  connective 
tissue  with  a  deposition  of  lime  salts  in 
two  cases.  A  few  blood-vessels  became 
occluded  by  a  subintimal  proliferation 
of  fibrous  tissue.  Again  cells  beyond  the 
zone  of  repair  showed  no  nuclear  or 
cytoplasmic  changes.  No  change  was 
observed  in  the  parathyroid  glands. 

The  effect  of  radium  compared  with  that 
produced  by  quinine  and  urea  hydro- 
chloride and  boiling  water  injections  was 
striking.  Boiling  water  produced  no 
demonstrable  microscopic  lesion  at  the 
end  of  one  month.  In  the  two  cases  in 
which  quinine  and  urea  hydrochloride 
was  used,  the  amount  of  destruction  was 
microscopic  only,  consisting  of  a  loss  of 
colloid  In  two  or  three  acini,  with 
granular  swelling  of  the  epithelial 
cells  and  infiltration  with  plasma 
cells.  This  may  be  due  to  the  small  amount 
of  solution  used,  0.3  c.c,  because  large 
areas  of  necrosis  are  encountered  in  the 
thyroid  of  man  following  this  treatment. 
In  addition,  the  glands  so  treated  were 
rather  densely  adherent  to  the  surrounding 


tissue,  similar  to  cases  of  exophthalmic 
goiter  treated  by  x-ray  in  man,  while 
glands  treated  by  radium  were  in  all 
Instances  free  from  adhesions.  Terry" 
has  drawn  attention  to  this  freedom  from 
adhesions  following  implantation  of  radium 
emanation  tubes. 


Fig.  8.  Section  of  metastatic  carcinomatous  lymph- 
gland  0.5  cm.  from  needle  insert.  Note  open  vacuo- 
lated nuclei,  some  showing  a  nucleolus,  others  simply 
a  nuclear  membrane. 


DISCUSSION 

Richards"  states  that  the  effects  of 
radium  are  due  to  (i)  the  strength  of  the 
radium,  (2)  the  duration  of  exposure, 
(3)  the  distance  of  the  object  (or  tissue) 
from  the  source  of  radiation.  To  these  we 
may  add  (4)  the  type  of  tissue  or  tumor, 
for  it  is  well  known  that  difTerent  types  of 
tissue,  and  consequently  different  types 
of  cells,  react  differently  to  radiation. 
Ewing,"'  in  discussing  the  factors  influenc- 
ing the  results  of  radium  therapy  states 
that  "one  of  the  most  prominent  of 
these  questions  concerns  the  relation  of 
the  structure  of  tumor  or  tissue  to  the  reac- 
tion of  radium."  Schmitz"  says  that  the 
type  of  cell  is  most  important.  Epithelial 
cells  are  more  receptive  to  radium — to  use 
the  term  of  Dominici — than  the  connective- 
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tissue  cells.  Bergonie  and  Tribondeau 
state  that  immature  cells  and  cells  in  an 
active  state  of  division  are  more  sensitive 
to  the  rays  than  cells  that  have  already 
acquired  adult  fixed  morphologic  or  physio- 
logic characteristics.  The  basal  cells  of 
hair  follicles  and  the  epidermis,  lymphoid 
cells,  ova  and  spermatozoa  are  readily 
killed  by  an  amount  of  rays  which  leave 
intact  the  surrounding  mature  cells. 
Schmitz'-  says  the  nearer  the  cells  are 
embryonal  in  type,  the  more  receptive  they 
are  to  rays  and  undergo  more  readily  cytol- 
ysis  and  destruction.  CoKvell  and  Russ''' 
state  that  very  rapidly  growing  cells  are 
most  affected  by  radium.  Ewing'"  confirms 
this  by  saying  that  "tumors  responding 
most  readily  to  the  simplest  test  of  thera- 
peutic efficiency  and  diminution  in  size 
are  usually  cellular  and  rapidly  growing 
tumors." 

Not  only  is  the  type  of  cell  composing 
the  tissue  or  tumor  important  in  consider- 
ing the  reaction  to  radium,  but  also  the 
structure  of  the  tissue  itself.  Quite  early 
in  the  treatment  of  malignant  tumors  by 
radium,  it  was  recognized  that  certain 
types  of  tumors  responded  very  readily  to 
radium  rays,  while  others  were  refractory. 
Hanford'*  states  that  marked  improvement 
may  be  expected  in  carcinoma  of  the  breast 
recurring  after  operation.  Ewing^"  had 
explained  this  by  saying:  "Early  and 
rapidly  growing  metastases  of  mammary 
carcinoma  may  often  respond  readily  to 
radium,  whereas  older  tumors  which  have 
become  fibrous  may  show  very  little  or  no 
reduction  in  size  after  persistent  radia- 
tion." Schmitz"  classes  the  radiosensiti\e 
tumors  as  epidermoid  and  basal-cell 
epithelioma,  lymphosarcoma  from  embry- 
onal l\niph-cells;  sarcomata  from  embry- 
onal connective  tissue  cells  in  which 
connective  tissue  fibrilkc,  cartilaginous  and 
osseous  tissue  have  undergone  absorption; 
fibromata  in  which  fibroblasts  are  present 
in  large  numbers  and  do  not  develop  into 
adult  cells.  Janeway''  considers  the  clear- 
est example  of  the  selective  action  of 
radium  on  tumor  tissue  to  be  furnished  by 
the  cellular  teratoma  and  lymphosarcoma 
which  "seem  to  melt  away  with  the 
greatest  rapidity,  whenever,  one  might 
almost      say,     radium     is     anywhere     in 


their  vicinity."  Ewing"'  has  obtained 
retrogression  of  deep-seated  tumors,  partic- 
ularly mediastinal  lymphosarcoma,  carci- 
noma of  the  lung  and  abdominal  metastases 
from  carcinoma  of  the  testes,  after  massive 
closes  of  radium.  Although  Simpson,^'  in 
his  chapter  on  Intratumoral  Radiation, 
makes  no  mention  of  the  fiistologic 
character  of  the  growth,  Ewing"'  feels  that 
not  only  is  the  type  of  tumor  tissue 
important,  but  also  the  stage  in  its  growth 
when  treated,  for  "very  striking  differences 
are  often  obser\ed  in  the  reaction  of  recent 
as  compared  with  old  tumors  of  Hodgkin's 
granuloma  malignum,  and  this  difference 
accords  with  the  natural  change  of 
structure,  the  older  tumor  becoming  fi- 
brous." In  this  same  article  he  indicates  the 
types  of  tumor  reacti\"e  to  radium  treat- 
ment and  those  that  are  resistant.  The 
majority  of  authors  agree  that  squamous- 
cell  epithelioma,  whether  skin  or  cervix,  is 
resistant  to  the  action  of  radium  (Hanford," 
Schmitz,"  Ewing'").  Wood'^  states  that 
basal-cell  carcinoma  containing  keratin 
resists  radium,  but  is  uncertain  whether 
the  keratin  is  the  resisting  substance  or  is  a 
result  of  radium  treatment,  for  the  sections 
of  the  tumor  were  examined  after  radiation. 
Chondroma  is  supposed  to  be  refractory  to 
radium,  but  will  respond  satisfactorily 
if  one  will  take  sufTicient  time  for  treatment 
(Ewing'").  Fibrosarcoma,  particularly  of 
the  spindle-cell  variety  is  considered 
resistant  to  radium,  says  Schmitz"  and 
Ewing, '"as  are  also  fibroma  containing  atro- 
phic fibroblasts  and  much  connecti\e tissue 
(Schmitz").  Ewing'-  feels  that  radium  may 
change  a  malignant  into  a  relatively  benign 
tumor;  while  Bumpus'"  shows  that  massive 
doses  of  radium  in  carcinoma  of  the 
prostate  produced  marked  proliferation  of 
fibrous  bands.  He  states:  "These  malignant 
cells  are  atypical  in  appearance,  being 
pressed  and  squeezed  Into  distorted  shapes 
by  an  e\er-increaslng  proliferation  of 
connectlxe  tissue  cells.  The  reproductive 
function  of  the  malignant  cells  Is  undoubt- 
edly Impaired  and  If  all  malignant  tissue 
can  be  thus  affected,  complete  cessation  of 
the  process  must  occur." 

These  remarks,  we  hope,  will  indicate 
the  Importance  of  considering  not  only  the 
type  of  cell  composing  the  tissue,  but  also 
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the  architectural  structure  of  that  tissue, 
when  endeavoring  to  determine  the  etTect 
of  radium. 

In  addition  to  histologic  structure,  one 
must  consider  the  physiological  character- 
istics of  a  tissue  in  studying  the  effect  of 
radium  rays.  Prime-"  showed  that  there  was 
"great  difference  in  the  quantity  of  radium 
required  to  kill  the  physically  functioning 
cells,  such  as  heart  muscle,  and  a  merely 
growing  cell,  such  as  is  found  In  connective 
tissue  or  in  malignant  tumors."  He  felt 
that  radium  did  not  kill  the  cell  outright, 
but  injured  the  nucleus  in  such  a  manner  as 
to  prevent  further  division,  which  must 
eventually  result  in  the  death  of  the  cell. 
In  experimenting  with  mouse  cancer,  von 
Wassermann'-^  found  that  after  exposure  to 
radium  the  cells  remained  alive,  but  did 
not  take;  and  he  concluded  that  the 
genuceptors  were  killed.  The  Hertwigs-'- 
advanced  the  hypothesis  that  the  effect 
of  radium  was  a  direct  one  on  the  chro- 
matin ofthe  nucleus.  Schwarz"^  thought  that 
radium  decomposed  the  lecithin  (present 
in  all  cells  and  particularly  rapidly  growing 
ones)  into  cholin  and  trimethylamine  and 
that  the  action  of  radium  was  due  to  the 
liberated  cholin.  Gager,  quoted  by 
Richards^  concluded  from  a  review  of  the 
literature  in  1908,  that  radium  seemed  to 
retard  the  activity  of  the  enzymes, 
although  Lowcnthal  and  Edelstein-^  in  the 
same  year  found  increased  autolysis  after 
exposure  to  radium  emanation.  This  varied 
markedly  with  the  character  of  the 
material  subjected  to  autolysis;  the  most 
marked  Increase  occurring  in  human  cancer. 
Packard-''  suggested  that  radium  radiations 
act  indirectly  on  tlie  chromatin  and  proto- 
plasm by  activating  autolytic  enzymes, 
which  bring  about  a  degeneration  of  the 
complex  proteins,  and  probably  by  afTect- 
ing  other  protoplasmic  processes  in  the 
same  manner.  Richards  and  Woodward-^ 
found  that  weak  radiation  increased 
enzyme  activity  and  strong  Inhibited  It; 
and  Richards-'  concluded  that  the 
modifiability  of  enzymes  played  an  impor- 
tant part  In  radium  effects,  although  the 
chromatin  changes  were  undoubtedly 
Important.  Pendergrass  et  al-~  offered  as  a 
working  hypothesis  of  the  action  of 
radiation  on  living  tissue  "that  It  is  due  to 


a  primary  effect  upon  the  nucleus  and  the 
resultant  death  of  the  cell  under  con- 
ditions favoring  autolysis." 

Based  on  the  modification  of  enzyme 
actl\lty,  it  was  argued  that  a  tissue  rich 
In  ferments  should  theoretically  show 
greater  effects  from  radiation  than  one 
poor  In  ferments.  Histologically,  the  thy- 
roid Is  composed  of  closed  follicles,  lined 
by  a  flattened  cuboldal  epithelium, 
embedded  in  a  rather  compact  connective 
tissue  stroma.  So  far  as  is  known,  the 
thyroid  produces  no  known  ferment.  In 
contrast  to  the  thyroid  is  the  pancreas, 
enclosing.  In  a  light  stroma  of  connective 
tissue,  abundant  glandular  epithelium, 
which  manufactures  three  strong  ferments. 
It  was  deemed  of  Interest  to  note  the 
effect  of  radium  on  the  pancreas.  The 
accompanying  Chart  II  shows  the  results 
obtained  In  two  experiments. 

REMARKS 

In  studying  the  effect  of  radium  on  the 
normal  thyroid  tissue,  the  most  striking 
feature  observed  was  the  apparent  resis- 
tance to  the  rays.  In  all  glands  examined, 
there  was  an  abrupt  line  of  demarcation 
between  destroyed  and  healthy  tissue. 
Only  the  cells  immediately  surrounding  the 
necrotic  area  showed  degenerative  changes. 
Beyond  this  and  almost  immediately, 
the  epithelial  cells  appeared  normal  in 
every  respect.  Terry"  noted  this  fact  and 
states:  "The  transition  from  complete 
necrosis  to  undamaged  tissue  is  sharp." 
Lacassagne-*  burled  radium  emanation 
tubes  In  the  muscles  of  rabbits,  and  also 
found  a  sharp  line  of  demarcation  between 
necrotic   and    apparently    healthy   tissue. 

Bumpus,"  In  an  adenocarcinoma  of 
the  prostate  treated  thirty-one  days  before 
death  with  700  mg.  hrs.  of  radium,  showed 
that  a  limited  area  was  affected  by  the 
large  dosage.  Photomicrographs  of  areas 
beyond  the  influence  of  the  radium  showed 
active  viable  ceils  exhibiting  mitosis;  but 
sections  taken  close  to  the  area  affected 
by  radium  showed  loss  of  cell  outline, 
poor  staining  qualities  and  fragments  of 
destroyed  cells.  Quick-^  has  noted  hydropic 
degeneration,  necrosis,  shrinkage  and 
nuclear  pycnosis  In  carcinoma  of  the  breast 
forty-nine     days     after     Implantation     of 
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radium  emanation  tubes.  Bagg'"  experi- 
mented with  buried  emanation  tubes  in 
Flexner  Jobiing  rat  carcinoma,  after  a 
successful  take.  Tumors  i  cm.  in  diameter 
showed  irregular  areas  of  necrosis  seven 
days  after  burying  a  tube  containing  0.3 
mc.  The  outlying  cells  showed  marked 
hypertrophy  and  hyperchromatism  of  the 
nuclei,  while  the  cell  bodies  were  large  and 
hydropic.  He  felt  that  radiation  was  effec- 
tive for  a  distance  of  i  cm.,  smiilar  to  the 
reaction  in  normal  tissue. 

Colwell  and  Russ^''  noted  in  tissue 
exposed  to  hard  beta  and  gamma  rays, 
a  primary  serous  infiltration  with  enlarge- 
ment of  the  cell  nucleus  and  body;  a 
swelling  of  the  endothelial  cells  of  the 
capillaries  with  a  decrease  in  the  size 
of  the  lumen.  In  sexen  to  eight  days 
there  was  degeneration  of  the  cell  nucleus, 
cessation  of  mitosis,  pycnosis,  cytolysis 
and  achromatism.  The  cytoplasm  exhib- 
ited vacuolation  and  granulation.  The 
reaction  was  an  inflammatory  process 
with  fibroblastic  proliferation.  Fibrosis 
resulted,  but  at  a  distance  one  saw 
epithelial  cells,  isolated  or  in  small  groups, 
exhibiting  all  stages  of  degeneration. 
Williamson,  Brown  and  Butler**  found 
that  brain  cells  at  a  distance  of  0.5  cm. 
from  the  radium  capsule  showed  distinct 
and  marked  nuclear  changes  when  the 
brain  was  removed  three  weeks  following 
200-900  mg.  hrs.  of  surface  application 
beneath  the  dura.  Pendergrass  et  at-'' 
noted  "distinct  evidence  of  involvement 
of  the  various  tissues  of  the  brain,  at  least 
as  far  again  as  the  areas  of  necrosis  and 
hemorrhage  seen  grossly." 

In  sections  of  the  pancreas  removed 
seven  and  fourteen  days  after  radiation, 
cells  were  observed  well  beyond  the  area 
of  necrosis  and  hemorrhage,  which  showed 
degenerative  changes  of  both  nuclei  and 
cytoplasm.  In  one  case  of  metastatic 
carcinoma  of  the  breast  to  the  axillary 
lymph-glands,  operated  upon  by  one  of 
us,  section  of  the  gland  removed  two 
weeks  after  300  mg.  hrs.  of  needle 
implantation  showed  dissolution  of  the 
chromatin  of  the  nuclei  almost  i  cm. 
from  the  site  of  insertion  of  the  needle. 
Comparing  our  findings  with  those  of 
others,  one  can  not  iielp  but  be  impressed 


with  the  apparent  resistance  of  the  thyroid 
to  radium  rays.  Whether  this  resistance 
is  due  to  the  colloid  contained  in  the 
thyroid,  to  the  adult  fixed  character  of 
the  cells  composing  it,  or  to  a  deficiency 
in  autolytic  ferments,  we  are  not  prepared 
to  state;  but  comparison  of  results  with 
those  obtained  in  other  organs  and  tissues 
rich  in  enzymes  and  autolytic  ferments 
would  point  toward  the  latter  as  a  possible 
explanation. 

CONCLUSIONS 

1.  The  primary  changes  induced  by 
radium  in  the  thyroid  are  hemorrhage  and 
necrosis.  Organization  and  healing  are 
evident  in  the  third  week  and  complete 
about  the  twelfth. 

2.  The  normal  thyroid  gland  is  distinctly 
resistant  to  the  action  of  radium;  it  is  not  a 
good  tissue  for  the  study  of  the  finer 
histologic  changes  produced  by  radium; 
the  nuclear  degenerative  changes,  character- 
istic of  radiated  malignant  tissue,  were 
never  seen. 

3.  No  toxic  symptoms  of  an}-  sort  were 
observed. 

4.  No  changes  were  demonstrable  in  the 
parathyroids. 

5.  The  apparent  resistance  of  the  thyroid 
tissue  to  radiation  would  make  it  appear 
that  implantation  would  be  superior  to 
surface  applications,  and  that  relatively 
large  dosage  must  be  employed  to  assure 
any     extensive    effect     upon    the    gland. 

We  are  greatly  indebted  to  Dr.  J.  Edwin 
Sweet,  in  charge  of  the  Department  of 
Surgical  Research,  under  whose  direction 
this  work  was  done. 
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A  RADIUM  APPLICATOR  FOR  SMALL  LESIONS 


Dermatologist  to  th( 


BY   NATHAN   T.   BEERS,    iM.D.,    F.A.C.P. 

Brookljn  HospitaL  the  Methodist  Hospital  and  the  Broad  Street  Hospita 
new  YORK  city 


ONE  of  the  noticeable  effects  of  the 
campaign  of  cancer  eckication  is  the 
increasing  number  of  patients  who  consuh 
the  dermatologist  for  small  lesions  about 
the  face.  It  has  been  my  experience  that  a 
majority  of  these  lesions  are  less  than  one 
centimeter  in  diameter;  and  to  treat  them 
properly  with  radium  one  must  either  make 
use  of  a  leaden  window-screen  or  provide 
an  applicator  sufficiently  small  in  size  to 
cover  but  the  lesion  itself.  Many  of  the 
lesions  are  very  awkwardly  situated  about 
the  eyes,  ears,  nose  and  lips,  where  the 
conformation  of  the  parts  makes  their 
approach  with  anything  but  a  very  small 
applicator  exceedingly  difficult.  To  attempt 
their  treatment  with  plaques  of  standard 
size  necessitates  the  use  of  a  window- 
screen  to  protect  the  surrounding  healthy 
tissues,  and  very  frequently,  this  cannot  be 


emanation.  An  exposure  ol  two  min- 
utes was  sufficient  to  clear  up  entirely 
a  rodent  ulcer  8  or  lo  mm.  in  diameter; 
and,  with  a  freshly  prepared  bulb,  they 
were  able  to  treat  from  40  to  50  cases  in  an 
afternoon.  Aside  from  the  enormous  saving 
in  time,  this  method  insures  accurate  appli- 
cation of  the  radium  to  any  visible  lesion. 
The  little  applicator  herein  described 
was  the  result  of  an  attempt  to  adapt  their 
mullum  in  parvo  idea  to  plaque  form, 
hoping  thereby  to  gain  the  facility  and 
accuracy  of  approximation  which  they 
ha\e  proven  are  possible  of  attainment 
w  ith  applicators  of  small  dimension.  Since 
there  is  an  upper  limit  to  the  amount  of 
radium  which  can  be  used  per  unit  (12H 
milligrams  per  square  centimeter  being  the 
maximum  which  has  been  found  practical), 
the  saving  of  time  with  a  plaque  of  the  great- 


placed   In  such  position  as  to  Insure  the  est  possible  concentration  is  hardl>   to  be 

proper     approximation     of    the     radium,  compared    with    that    obtained    with   the 

In    a    previous    Issue    of    this    journal  emanation     applicator     described     above. 

(January,    1922)   Drs.  Quick  and  Johnson  However,  It  Is  considerably  greater  than 

of  the  Memorial  Hospital,  N.  Y.,  described  can  be  gotten  with  the  ordinary  standard 

a     method     for     the     rapid     destruction  plaque    applied    with    a    window-screen, 

of  small  lesions  by  the  use  of  a  very  small  The  applicator  which  I  ha\'e  been  using 

glass  bulb  containing  600  mc.  of  radium  with  much  satisfaction   for  the  past  year 
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or  more  is  circular  in  torm  and  approxi- 
mately one  centimeter  in  diameter.  From 
its  back  projects  a  lug  which  is  one-quarter 
of  an  inch  in  diameter  and  threaded  to 
facilitate  its  attachmenttoalmost  any  type 
of  handle  or  supplementary  retaining- 
applicator.  The  radium  element  is  incor- 
porated in  a  glaze  which  is  fused  in  a 
shallow  recess  on  the  face  of  the  plaque. 
Because  of  its  small  size  and  light  weight, 
a  thickness  of  double-faced  adhesive- 
plaster  is  usually  all  that  is  required  to 
retain  it  firmly  in  position  (Fig.  i). 
Should  screening  be  desirable,  the  filter 
can  be  mounted  upon  the  face  of  the  plaque 
between  two  discs  of  double-faced  adhesive, 
or  it  may  be  placed  within  the  shallow  cap 


Fii..  I.  SImi\\iiil:  iiuilinil  (,|  ,ipjil\ing  tlif  small  plaque 
by  means  of  doublt-iaced  adhesive  plaster.  (In  tliis 
case  two  thicknesses  of  the  adhesive  were  used  with 
O.I  .Mluniinuni  between  them.) 

of  hard  rubber  made  to  fit  snugly  over  the 
applicator.  When  round  plaques  are  used  I 
find  it  expeditious  to  cut  the  fdters  and 
adhesive  plaster  in  disc  form  the  exact 
size  of  the  plaque  with  circular,  open  steel 
punches.  Window-screens,  when  required, 
may  be  cut  out  in  the  same  way.  This 
insures  greater  accuracy  in  application. 
When  lesions  about  the  eyelids  are  to  be 
treated,  some  form  of  retaining  device  is 
often  rec|uircd.  To  those  who  are  mechan- 
ically   inclined,    many    such    de\ices    will 


suggest  themselves.  The  T-shaped  finger- 
plate shown  in  the  accompanying 
illustrations  (Figs.  2  and  3)  is  rather 
crude,  but  it  has  served  me  very  satis- 
factorily for  a  year  or  more  and  has,  I 
believe,  some  points  of  advantage  over 
more  complicated  appliances.  It  may  be 
cut  very  quickly  from  one  millimeter  sheet 
lead,  to  suit  the  case  in  hand.  It  is  light  in 


Figs.  2  and  3.  Showing  the  use  of  the  lead  finger-plate 
to  insure  accuracy  of  approximation  about  the 
eye. 

weight,  it  permits  of  easy  moulding  with 
the  fingers  to  fit  the  parts  and  it  will  retain 
its  position  indefinitely  when  properly 
applied.  After  the  plate  has  been  cut  and 
moulded  to  the  parts,  the  corners  and  edges 
should  be  rounded  off  with  a  rasp  and  a 
hole  punched  in  the  end  of  the  finger  to 
rccei\e  the  plaque.  The  hole  should  be 
punched  a  trifle  smaller  than  '  1  in.  in 
diameter  and  then  threaded  with  a  '  4  X  40 
machine-tap.  A  few  turns  of  the  tap  will 
yield  a  thread  sullicient  to  hold  the  jjlaque 
snuglv  when  screwed  home.  A  thickness  ot 
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the  double-faced  plaster  applied  over  the 
back  of  the  phite  is  sufficient  to  retain  it 
firmly  in  position,  but  added  security  may 
be  gained  by  adding  a  strip  of  ordinary 
adhesive  over  the  whole.  A  disc  of  the 
double-faced  plaster  the  exact  size  ot  the 
plaque  is  then  cut  and  placed  over  the  face 
of  the  plaque,  serving  instead  of  the  usual 
rubber  screen  and  at  the  same  time 
insuring  an  approximation  of  the  radium 
which  is  both  close  and  secure.  The 
patient's  hands  are  free,  and  he  may  lie 
down  or  move  about  as  he  pleases  without 
fear  of  disturbing  the  applicator. 

For  the  treatment  of  the  small  vascular 
angiomas  of  infancy  and  childhood,  this 
little  applicator  is  particularly  serviceable. 
If  the  lesion  is  smaller  than  the  plaque,  a 
window-screen  will  be  needed;  but  it  will 
be  so  small  in  size  and  so  light  in  weight 


that  its  proper  placing  and  retention  is  a 
simple  matter.  It  may  be  made  up  very 
neatly  and  quickly  from  one  millimeter 
sheet-lead  and  a  thickness  of  the  double- 
faced  plaster.  The  plaster  is  laid  on  the 
lead  and  a  disc  cut  with  the  plaque-sized 
punch.  Then  with  a  smaller  punch,  the 
exact  size  of  the  lesion,  the  window  is  made. 
Our  window-screen  now  resembles  a  corn- 
plaster  with  an  adhesive  base,  and  permits 
of  great  accuracy  in  application — an  impor- 
tant factor  in  treating  these  conditions. 
When  the  window-screen  has  been  satis- 
factorily and  firmly  placed,  the  plaque, 
covered  with  a  disc  of  the  double-faced 
plaster,  is  applied.  With  children  it  is 
best  to  add  an  extra  strip  of  ordinary  zinc 
oxide  adhesive,  punching  a  3'^  in.  hole 
in  its  center  through  which  the  lug  may 
protrude. 


AUTOMATIC  OPERATION  OF  THE  POTTER  GRID 

BY   PAUL   C.   HODGES,   M.D. 

From  the  Department  of  Roentgenology,  Peking  Uniun  Medical  College 


PEKING, 

DR.  POTTER'S Fmoving  grid,  which 
suppresses  much  of  the  scattered 
radiation  so  objectionable  in  roentgeno- 
grams of  thick  parts,  is  now  well  known  to 
roentgenologists  everywhere.  The  present 
article  describes  a  simple  modification  of 
one  of  the  commercial  types  of  his  instru- 
ment, to  facilitate  its  routine  use  in 
hospital  practice. 

The  device,  as  supplied  by  the  manu- 
facturers, is  a  separate  unit  designed  to 
be  placed  on  top  of  the  exposing  table. 
The  grid  is  cocked  against  s'pring  pressure, 
and  when  released  by  the  tripping  of  a 
trigger,  moves  through  an  arc  between  the 
object  and  the  film  at  a  speed  which  is 
controlled  by  regulating  the  valve  of  an 
oil  drag.  This  valve  is  calibrated  in  terms 
of  time  for  complete  grid  excursion,  or  in 
other  words,  in  terms  of  grid  speed. 

If  there  are  to  be  no  grid  shadows  on  the 
film,  the  grid  must  start  to  move  before  the 
beginning  of  the  exposure  and  continue 
uniform  motion  until  the  exposure  is 
completed.  To  accomplish  this,  the  follow- 
ing procedure  is  necessary.  One  determines 
the  time  of  exposure  required  (say  three 


seconds),  sets  the  oil  drag  valve  at  about 
four  seconds,  pulls  the  string  to  trip  the 
grid  trigger  and  then  closes  the  .v-ray  time 
switch.  Practically,  it  is  difficult  to  obtain 
proper  synchronism  between  grid  and 
exposure;  furthermore,  the  grid  unit  is 
heavy  to  lift  on  and  off  the  table,  and  the 
patient  is  very  uncomfortable  unless  sup- 
ported by  pillows  or  concave  blocks.  It 
was  an  obvious  improvement  to  build  the 
grid  unit  into  a  special  table  with  concave 
top.  Many  such  tables  have  already  been 
described;  but  it  seems  equally  ob^"ious 
that  the  grid  can  be  made  to  control  the 
exposure  automatically.  This  we  have 
done;  but  as  yet,  no  other  such  attempt 
has  come  to  my  attention. 

Our  table  is  a  standard  article  of  Ameri- 
can manufacture  with  cast-iron  base, 
wooden  top  and  nietal  guide-wa}'s  at  one 
side,  along  which  moves  the  mast  of  the 
tube  stand.  This  we  remodelled  as  follows: 
the  top  of  the  table  was  removed,  the  base 
castings  were  cut  off,  and  a  substantial 
iron  frame  was  added,  to  which  the  grid 
unit  was  securely  bolted,  so  that  its 
center  was  44  in.  from  one  end  of  the  table 
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and  32  in.  from  tlie  other  end.  A  segment     long,  was  fitted  to  the  other  space  on  the 
of  wooden  block,  31   in.  long,  as  wide  as      frame,  but  was  not  bolted  in  -place.  The 


Fig.  I.  Sketch  showing  grid  at  the  end  of  its  travel,  just  after  lever  A  has  opened  switch 
No.  2.  Note:  In  the  cocked  position,  lever  A  holds  switch  No.  i  open;  and  lever  B  snaps 
sw  itch  No.  2  to  the  closed  position. 

the  grid  unit,  and  with  the  same  surface     piston  rod  of  the  oil  drag  was  lengthened 
concavity  was  bolted  to  the  frame,  filling      17I  2  In.  and  a  hole  drilled  in  the  grid  frame 

to  allow  this  lengthened  rod  to  project. 
This  pro\'ided  a  member  which  mo\es 
out  as  the  grid  is  cocked,  and  back  into 
the  frame  with  uniform  speed  proportional 
to  the  speed  of  the  grid,  when  the  grid 
is  released. 

A  sheet  metal  shelf  was  riveted  to  the 
table  frame  beneath  the  extension  of  the 
piston  rod.  To  this  were  fastened  a  support- 
bearing  for  the  end  of  the  rod  and  two 
switches:  No.  i,  designed  to  close  auto- 
matically by  spring  pressure.  No.  2,  a 
common  English  snap  switch,  which  stays 
either  on  or  oft.  These  switches  were  wired 
in  series  with  each  other  and  with  the 
magnetic  circuit  of  the  remote  control 
switch  of  the  .v-ray  machine.  Closing  both 
switches  closes  the  .v-ray  remote  control 
switch  and  produces  .v-rays  to  the  tube; 
while  opening  either  stops  the  rays. 

Two  levers  were  attaciied  to  the  piston 
rod,  so  arranged  that,  with  the  grid  cocked. 


Fig.  2.  Table  with  built-in  grid.  One  wu 
smaller     one)     has     been     removed 
switch  mechanism. 


hKii   \,l...k   'the 
lu     .show     the 


the  space  between  the  grid  and  one  end 
of  the   table.    A   similar  segment,    ig   in. 
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switch  No.  I  is  open;  No.  2,  closed.  The 
grid  release  trigger  was  proxided  with  a 
solenoid  release,  instead  of  the  string 
supplied  by  the  manufacturer,  and  the 
button  for  this  solenoid  was  placed  on  the 
.v-ray  control  board.  By  pressing  this 
button,  the  grid  is  released  and  starts  to 
mo\"e.  Simultaneously,  the  lengthened 
piston-rod  moves;  switch  No.  i  is  auto- 
matically closed  by  its  spring;  .v-ray  goes 
on;  the  grid  nears  the  end  of  its  travel; 
switch  No.  2  is  opened;  .v-ray  goes  off;  the 
grid  stops. 


In  cocking  the  grid,  the  lever  A  opens 
switch  No.  I  just  before  lever  B  closes 
switch  No.  2,  so  that  the  .v-ray  switch 
is  not  turned  on  in  the  process  of 
cocking. 

The  oil  drag  was  recalibrated  in  terms  of 
.v-ray  exposures.  Thus,  the  new  procedure 
IS  reduced  to:  Determining  the  exposure; 
setting  the  oil  drag  valve;  cocking  the 
grid;  and  pressing  the  button  of  the  mag- 
netic grid  release.  The  grid,  by  its 
motion,  automatically  puts  the  x-rays  on 
and  off. 


A  SIMPLIFIED  ROENTGENOGRAPHIC  TECHNIQUE  BASED 
ON  EXPERIMENTAL  EVIDENCE* 

BY   FRANK   LIBERSON,    M.D. 
Roentgenologist  of  U.  S.  Marine  Hospital,  No.  21  and  Marine  Hospital  No.  70 

NEW    YORK    CITY 


IT  IS  needless  to  mention  the  numerous 
techniques  that  have  been  de\"eloped 
by  the  pioneers  in  roentgenography.  Every- 
one knows  that  there  are  as  many  different 
roentgenographic  methods  for  a  particular 
part  as  there  are  roentgenographers.  In 
this  paper  I  will  not  add  to  the  number  of 
techniques  for  particular  parts,  but  will 
try  to  point  out  a  method  which  is  easily 
appHcable  to  every  part  of  the  body,  does 
not  include  any  burdensome  tables,  is 
mastered  after  a  very  short  period  of  its 
application  and  automatically  decides  the 
quality  and  intensity  of  radiation  to  be 
used  for  a  particular  part.  This  method  also 
automatically  decides  when  to  use  intensi- 
fying screens  to  get  optimum  contrast  and 
still  retain  detail. 

I.  The  greatest  difficulty  which  a 
beginner  in  roentgenography  encounters 
is  the  exposing  in  stout  patients,  especially, 
of  those  parts  which  cannot  be  brought 
close  to  the  plate;  for  instance,  hip-joints, 
kidneys,  and  laterals  of  the  spine,  especially 
those  of  the  lumbar-sacral  junction.  The 
difficulty  is  primarily  due  to  either  or  all  of 
the  following  reasons: 

I.  Many  roentgenographers  use  a  fixed 
spark-gap:  especially  is  that  true  with 
those  that  have  non-rectifying  machines; 
and  they  correct  for  the  increase  of  thick- 

*  Approved  for   publication   by  the 


ness  by  increasing  the  milliampere  seconds, 
but  they  do  not  consider  the  importance  of 
\oltage  in  obtaining  proper  negatives. 

2.  Others  correct  for  the  increase  of 
thickness  of  the  part  to  be  taken  by 
increasing  the  spark-gap  (voltage);  but  the 
difliculty  they  encounter  is  the  estimation 
ot  the  necessary  increase  for  a  particular 
thickness. 

3.  Either  method  mentioned  above 
rarely  increases  properly  the  intensity  for 
the  increased  thickness  of  the  part.  They 
either  leave  target  plate  distance  the  same 
for  all  different  thicknesses,  or  they 
increase  the  target  plate  distance  in  stout 
patients:  a  condition  which  leads  to 
diminished  intensity  (fewer  rays  per  square 
area),  which,  in  turn,  gives  a  diminished 
effect  on  the  emulsion  of  the  film  or  plate, 
and  these  effects  are,  of  course,  the  reverse 
of  what  is  desired. 

\\  ith  a  view  of  eliminating  the  above- 
mentioned  difficulties,  and  in  order  to 
show  the  practical  role  that  variation  of 
distance  plays  in  exposure,  the  writer 
investigated  the  subject  by  making  ex- 
posures under  a  variety  of  conditions, 
studying  the  effects  on  plate  and  on  film 
with  special  reference  to  contrast  and 
detail.  The  exposures  thus  made  were  of 
two  main  groups: 

Surgeon-General.    U.    S.  P.  H.  S. 
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(A)  Blank  Exposures  (exposures  made 
with  only  air  between  the  tube  and  plate 
or  film). 

{B)  Inlerposed  Exposures  (substance  of 
same  density  as  body  tissue;  as  paraffin  or 
water  placed  between  the  tube  and  plate 
or  film). 

(A)  In  comparing  the  effects  of  the  vari- 
ous Blank  Exposures  it  was  found  that 
the  effect  on  the  plate  or  film  is  the  same 
whether  we  use  a  3  in.  gap  at  20  in.  target 
plate  distance  or  a  5  in.  gap  at  33  in. 
target  plate  distance,  the  milliampere 
seconds  of  exposure  being  equal.  The  effect 
is  also  the  same  when  we  use  a  4  in.  gap 
at  20  in.  target  plate  distance  as  with  a  5  in. 
gap  at  25  in.  target  plate  distance,  the 
milliampere  seconds  of  exposure  being 
equal.  Also,  the  effects  on  the  plate  or 
film  are  similar  when  using  a  6  in.  gap  at 
20  in.  target  plate  distance  as  a  5  in.  gap 
at  slightly  less  than  17  in.  target  plate 
distance,  the  milliampere  seconds  of  ex- 
posure again  being  equal. 


Gap, 

T.  P. 

D., 

=   Gap, 

T. 

P.  D., 

in. 

in. 

in. 

in. 

3 

20 

5 

33 

4 

20 

5 

25 

6 

20 

5 

17  - 

In  other  words,  by  using  a  constant  5  in. 
gap  and  varying  the  target  plate  distance 
we  can  get  the  same  effects  on  the  emulsion 
as  when  using  a  constant  distance  and 
varying  the  gap. 

Figure  i  shows  in  the  upper  row  a  non- 
interposed  exposure  at  standard  distance 
with  variation  of  the  spark-gap,  using  5 
milliampere  seconds  for  each  exposure; 
while  the  lower  row  shows  a  constant  5  in. 
gap  with  variation  of  the  distance;  the 
milliampere  seconds  of  exposure  being  5  as 
above.  From  this  figure  it  is  quite  evident 
that  the  eff'ect  on  the  plate  or  film  in 
non-interposed  (blank)  exposures  is  nearly 
the  same  when  using  a  constant  gap  and 
varying  the  target  plate  distance  between 
16  and  33  in.  as  by  the  use  of  a  constant 
distance  and  varying  the  spark-gap 
between  6  in.  and  3  in. 

(B)  In  studying  the  effects  of  the  inter- 
posed exposures  we  find  similar  results 
as  when  using  "blank  exposures,"  although 


the  factors  of  scattering  and  secondar}^ 
radiation  are  more  pronounced  on  account 
of  the  interposed  medium. 

Figure  2  shows  an  interposed  exposure 
in  which  tap  water  (almost  the  same  den- 
sity as  living  tissue)  in  columns  2,  4  and 
6  in.  respectively,  was  used  as  the  inter- 
posing medium.  A  piece  of  the  distal  end 
of  a  tibia  was  placed  in  the  ffuid  in  order 
to  compare  the  penetrability  and  intensity, 
and  their  combined  effect  on  the  emulsion. 
The  odd  rows  beginning  from  above  show 
the  results  of  the  variation  of  the  gap  at 
a  20  in.  distance,  while  the  even  numbered 
rows  beginning  from  above  show  the 
results  of  the  variation  of  distance  on  a 
constant  5  in.  gap,  the  milliampere  seconds 
of  exposure  proportional  to  the  thickness 
which  will  be  described  later.  But  the 
milliampere  seconds  of  exposure  are  the 
same  in  row  i  as  in  2,  in  3  as  in  4,  in  5 
as  in  6.  The  results  in  detail  and  contrast 
are  as  good  as  by  varying  the  gap;  and 
with  increase  of  the  interposed  thickness, 
we  get  greater  detail  by  diminishing  the 
distance  than  by  increasing  the  gap; 
possibly  on  account  of  the  greater  scattered 
radiation  produced  by  currents  of  high 
spark-gaps  which  blur  the  image. 

II.  From  observations  thus  far  pre- 
sented, we  calculated  a  formula  which 
has  served  us  admirably  in  finding  the 
necessary  target  plate  distance,  in  order 
to  get  the  best  penetration  and  intensity. 
Penetration  and  Intensity  Formula: 

8G  —  3M  =  D(A)  for  bone  radiography. 
8G  —  2M  =  D(A')   for  soft  tissue  radiog- 
raphy. 

Expressed  in  words,  it  means  that  eight 
times  the  spark-gap  minus  three  times 
the  solid  mass  interposed  (that  includes 
bones,  muscles,  fat  etc.,  but  not  air) 
equals  the  required  target  plate  distance, 
T.  P.  D.  or,  in  short,  D.  for  bone  radio- 
graphy (A).  And  eight  times  the  gap  minus 
two  times  the  thickness  of  mass  to  be 
radiographed  equals  target  plate  distance 
for  soft  tissue  radiography  (A')-  It  is 
always  best  to  use  the  minimum  voltage 
(spark-gap)  that  will  be  sufficient  to  give 
the  desired  penetration,  rather  than  the 
maximum;  as  the  former  gives  better 
contrast  and  good  detail. 
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But  how  is  one  to  know  what  gap  to  use 
In  a  given  case?  If  a  definite  T.  P.  D.  is 
desired,  one  can  find  it  by  reversing  the 

,    ,.,  D  +3M  =G 
tormula  (A)  o     

For  example:  The  part  to  be  radio- 
graphed is  4  in.  thick,  measuring  it  in  the 
direction  of  'the  central  ray,  and  the 
desired  T.   P.   D.   is   20   in.   then   gap  = 

20  in.  +  3  X  4  in.        „ 

o  =  U  =  4  in.  =  neces- 

o 

sary  gap  for  that  thickness.  But  it,  on  the 


takes  up  4  in.  If  we  could  place  the  target 
immediately  over  the  part  to  be  radio- 
graphed, we  would  get  the  necessary 
intensity;  but  this  is  impossible,  as  the 
target  is  usually  about  2  to  4  in.  away  from 
the  wall  of  the  tube,  and,  in  addition,  a 
cone  or  a  lead  diaphragm  may  be  wanted 
between  the  tube  and  part.  We  therefore 
have  to  account  for  the  distance  betweerj 
the  target  and  the  end  of  the  cone,  also  for 
the  thickness  of  the  part  which  we  want  to 
radiograph.  Assuming  that  there  is  10  in. 
between  the  target  and  end  of  cone,  the 


Fig.  I.  The  upper  numbers  in  each  circle  denote  the  gap  in  inches;  the  kjvver  numbers  denote  the  distance 
between  target  and  film  in  inches.  Five-milliampere  current  was  used  for  one  second  in  every  one  of  the  ten 
exposures.  The  film  was  placed  in  a  single  thin  paper  envelope.  Note  the  comparative  density  between 
each  upper  exposure  and  its  corresponding  lower-row  exposure. 


Other  hand,  a  3  in.  gap  is  desired,  or  no 
other  is  available,  and  we  wish  to  radio- 
graph a  part  of  4  in.  in  thickness,  then  we 
shall  have  to  calculate  for  distance  in 
order  to  get  the  proper  radiation  intensity. 
The  distance  as  calculated  by  the  formula 
for  bone  radiography  will  be: 

8G-3X4in.   =D=8X3-i2   = 

12  in.  T.  P.  D. 

Similarly,  if  we  wish  to  find  out  whether 
a  2  in.  gap  is  sutFicient,  apply  formula  as 
above,  again  calculating  for  distance, 
namely,  8G  -  3M  =D.  8X2-3X4 
4  in.  T.  P.  D.  or  D.   But  the  part  alone 


combined  shortest  target  plate  distance 
possible  Is  10  in.  +  4  In.  or  14  In.  T.  P.  D. 
Now,  If  we  want  to  find  out  the  value  of 
the    necessary   gap   at    that   distance,    we 

apply  formula  (A)  reversed: 5 — 

G  =  3I4  in.  required  spark-gap  at  14  in. 
T.  P.  D.  in  order  to  radiograph  a  part,  the 
thickness  of  which  is  4  in.  Thus,  to  estimate 
the  necessary  gap,  we  add  the  T.  P.  D.  we 
Intend  to  use  to  3M  and  divide  by  8.  If 
we  want  t  oradlograph  a  part  10  in.  thick,  we 
would  have  10  in.  from  target  to  skin  and 
10  in.  the  part  itself,  and  3  X  10  according 
to  formula  (A)— altogether  50  In.;  dividing 
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Fig.  2.  I  he  top  number  in  every  exposure  represents  tlie  volume  of  the  water  phantom  in  inches.  The  second 
n""iber  represents  the  gap  in  inches  and  the  third  number  represents  the  distance  in  inches.  Note  that  in 
the  odd  rows  there  is  a  variation  of  the  gap  on  a  constant  distance,  while  in  the  even  numbered  rows  begin- 
ning  from   above,   there   is  a   variation   of  the  distance  on  a  constant  gap. 
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^o  in.  by  8  =  6' 4  in.  =  the  necessary  gap 
for  that  thicl^ness  at  20  in.  T.  P.  D. 


10  +  10  +  3  X  10 
8 


6^4  in. 


Manipulating  the  above  formula,  there- 
fore, we  fmd  that  varying  either  target 
plate  distance  or  gap,  similar  satisfactory 
results  are  obtained,  as  far  as  contrast 
and  detail  are  concerned.  In  the  course  of 
its  practical  application  it  was  found  that 
using  a  fixed  gap,  say  4  or  5  m.  and  \arying 
the  T.  P.  D.  served  our  purpose  well.  Our 
formula  for  penetration  and  intensity  for 
bone  radiography  was  (A) 
8G  -  jM  =  T.  P.  D.  or  D.  Using  a  5  in. 
gap  formula  reads:  8X5  in.  —  3M  = 
T.  P.  D.  or  40  -  3M  =  D. 
Example  in  computing  target  plate 
distance  on  a  constant  5  in.  gap: 

Knee-joint,  anteroposterior,  centered 
perpendicularly  half  an  inch  distad  to 
inferior  border  of  patella.  If  it  is  4  in.,  the 
computed  target  plate  distance  will  be: 
according  to  formula  (A),  i.e.,  40  in.  —  3  X 
4  in.  =  28  in.  target  plate  distance,  in 
which  40  =  gap  distance  for  5  in.  gap,  3  = 
factor  used  in  bone  radiography,  4  = 
thickness  of  the  part. 

Another  example:  A  knee-joint  is  6  in. 
thick,  1 2  in-  below  the  patella  in  the  direc- 
tion   of  the    normal    ray.    The    computed 
target  plate  distance  will  be: 
40    —    3    X    6  in.    =22   in.   target  plate 

distance 
Another   example:    Hip  taken  for  bone 
detail  if  it  is  6,  -  or  8  in.  our  target  plate 
distance  will  be: 
40  —  (3  X  6  in.)   =  22  in.  target  plate 

distance 
40  —  (3  X  -  in.)   =  19  in.  target  plate 

distance 
40  —  (3  X  8  in.)   =  16  in.  target  plate 

distance 
In  the  last  case,  it  is  evident  that  the 
computed  16  in.  target  plate  distance  can- 
not be  applied,  because  the  diameter  of  the 
hip  takes  up  8  in.  of  space  and  there  is  only 
8  in.  left  between  the  body  and  the  target. 
This  distance  is  not  sufficient  for  the 
average  tube  stand  with  cone.  In  such  and 
similar  cases,  the  ditliculty  may  be  over- 
come in  one  of  the  two  wavs: 


1.  By  increasing  the  spark-gap  to  6  in. 
and  using  8  X  6  or  48  instead  of  40  as  gap 
distance  factor  and  computing  thus:  8X6 
-  3  X  8  =  T.  P.  D.,  i.e.,  48  -  24  = 
24  in.  T.  P.  D. 

2.  Or  in  case  no  higher  gap  is  available, 
use  a  double  screen  and  change  the  gap 
distance  factor  to  8  X  8*  or  64  instead  of 
40  and  compute  thus: 

64  —  3  X  8  =  40  in.  target  plate  distance 

with  double  screen. 

III.  We,  among  others,  F.  H.  Kuegle,'  I. 
S.  Hirsch-  and  W.  W.  Mowry,^  have  found 
that  the  milliampere  seconds  of  exposure 
are  also  proportional  to  the  thickness  of 
the  mass,  pro\iding  proper  penetration  is 
used.  If  we  multiply  the  thickness  of  the 
mass  by  the  emulsion  factor!  and  divide 
the  product  by  the  milliamperes  of  the 
machine  used,  the  quotient  will  equal  the 
number  of  seconds  of  exposure  necessary 
to  give  the  optimum  energy,  thus: 

Formula   B      . ,  .       =  T.  Expressed  in 

words  it  means  that  the  emulsion  factorf 
times  the  mass  divided  by  the  milliamperes 
of  the  machine  equals  the  number  of 
seconds  =  T. 

Example  for  seconds  ot  exposure  we  take 
from  Figure  2.  In  the  first  two  rows  the 
thickness  of  the  mass  was  2  in.,  the  emul- 
sion factor  for  the  films  was  40,  the  milli- 
amperes of  the  machine  were  20  and  the 


•  At  this  point  it  is  important  to  review  some  of  our  findings 
in  the  experiments  with  intensifying  screens.  Using  Edwards 
screens  we  noticed  that  there  is  an  entirely  different  relation 
between  the  exposure  factors  (such  as  thickness  of  the  part, 
spark-gap,  target  plate  distance  and  milliampere  seconds  of 
exposure)  and  the  unaided  film  on  one  hand;  and  between  ex- 
posure factors  and  screened  films  on  the  other  hand.  For  example, 
by  using  I  in.  gap  at  40  in.  target  film  distance  with  2  mm.  of 
aluminum  as  filter,  there  is  no  particular  difference  between  the 
unaided  and  aided  films.  On  a  2  in.  gap  the  screened  film  shows 
only  ^n  intensity  five  times  as  much  as  the  unaided  film  on  a 
2  in.  gap.  On  a  3  in.  gap  the  effect  of  the  screened  film  is  the 
same  as  the  use  of  an  unaided  film  with  a  4  in.  gap  and  five 
times  as  much  exposure.  With  a  4  in.  gap  the  intensity  of  the 
screen  is  the  same  as  by  using  a  7  in.  gap  and  five  times  as  niuch 
exposure.  This  of  course  gives  some  idea  of  the  dissociation  of 
the  relation  between  the  factors  of  exposure  on  the  one  hand 
and  the  aided  and  unaided  film  on  the  other  hand  when  non- 
interposed  exposures  are  made.  When  a  s  in.  gap  is  used  with  a 
double  screen  in  interposed  exposures,  its  effect  on  the  film  is 
the  same  as  the  use  of  an  8  in.  gap  with  no  screen.  (Unpublished 
communication.) 

t  The  emulsion  factor  is  obtained  by  exposing  on  one  plate  or 
film  a  hip  of  6  in.  thickness  and  a  toe  of  i  in.  thickness,  and  also 
some  intermediate  part  of  3  in.  in  thickness.  The  target  plate 
distance  and  time  should  be  calculated  according  to  method 
above  mentioned,  using  30  as  a  temporary  emulsion  factor.  If 
the  density  of  the  hip  and  toe  is  the  same,  the  emulsion  factor 
for  these  films  is  30.  If  the  hip  appears  less  dense,  make  similar 
exposures  on  another  film  or  plate  (whatever  is  used  in  the  par- 
ticular laboratory)  increasing  the  number  to  35.  40,  45.  50  or 
SS,  etc.,  until  the  density  between  the  hip-bones  and  those  of 
the  toe  is  uniform;  and  whatever  number  was  used  to  give  this 
uniform  density  is  the  emulsion  factor. 
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num 


ber     of    seconds     ot     exposure     was: 
2  X  40 
20 

In  the  middle  two  rows  the  thickness  was 
4  in.  on  the  same  setting  and  the  number 
of  seconds  of  exposure  was: 
4  X  40 
20 

In  the  lower  two  rows  the  thickness  of 

the  volume  was  6  in.  on  the  same  setting 

and  the  number  of  seconds  of  exposure  was: 

6  X  40 


of    exposure 
4  seconds 


8  seconds 


20 


12  seconds 


Now  let  us  see  how  the  formula 
cable  for  practical  radiography. 


is  appli 


amperes  on  a  D.  C.  machine.   (For  a.  c. 
deduct  3  4  of  exposure  time.) 

From  this  figure  it  is  quite  evident  that 
by  using  the  above  method  we  can  not 
only  get  uniformity  in  the  appearance 
of  the  radiograms,  but  we  can  also  avoid 
the  eflects  of  poor  judgment  on  the  part 
of  the  one  who  develops  the  plates  or 
films.  Since  all  the  fourteen  exposures 
were  taken  on  one  film,  the  dark-room 
man  could  do  ^■ery  little  to  help  or  hinder 
any  single  exposure  by  under-  or  over- 
development. The  developing  is  therefore 
done  by  time  which  is  proportional  to  the 
intensity  and  temperature  of  the  developer, 
and  is  entirely  automatic. 


Thick- 
ness, 


Part 
Finger 
Wrist 
Wrist, 
Eii)o\v,     , 
Sliuuidtr 
Knee 
Hip 
Toe 

Mastoid 
Spine 
Spine     . 


Position 
P.  A. 
P.  A. 
Lateral 
A.  P. 
A.  P. 
A.  P. 
A.  P. 
P.  A. 
Lateral 

Lumbar  A.  P. 
.  Cervical  Lat. 


12.  Spine Mid-dorsal  Lat.f 

13.  Chest  for  soft  jjarls,  ...  P.  A. 

14.  Abdomen  for  kidney. . .  A.  P. 


2?i 
2^ 

5 

4 
6 
I 

6 
6 


Cor- 
rected 
Thick- 
ness, 
In. 


iVi 


5 
4 
6 
I 

6 
6 


T.  P.  D. 

Formula, 
In. 

40  -  (3  X  Ji) 

(3  X  iH) 


.  P.  D., 
In. 


40 


40 


(3   X  2%)     = 


=  6 


40  -  (3  X  2H) 
40  -  (3  X  5) 
40  -  (3  X  4) 
40  -  (3  X  6) 
40  -  (3  X  0 
40  -  (3  X  6) 
40  -  (3  X  6) 
40  -  (3  X  4) 
40  -  (3  X  6) 
40  -  (2  X  3) 
40  -  (2  X  6) 


=  25 
=  28 
=   22 

=  37 
=  22 
=  22 
=  28 
=    22 

=  34 
=   28 


Exposure 

Formula, 

In. 

40X}i 

40 
40  X  iJi 

40 
40^X2?i 

40 

40  X  2% 

40 

40  X  5 

40 
40  X4 

40 
40  X6 

40 
40  X  I 

40 
40  X  6 

40 
40  X^ 

40 
40  Xj4 

40 
40  X_6 

40 
40  X  3 

40 
40  X  6 

40 


Seconds  * 


4 
6 
I 

6 
6 
4 
6 

3 
6 


•  The  time  of  exposure  would  appear  rather  long.  It  is  due  to 
the  use  of  old  films  which  render  the  emulsion  less  sensitive. 

t  In  the  upper  and  mid-dorsal  spine  the  lungs  are  on  both 
sides  of  the  bodies  of  the  vertebrae,  therefore  we  have  to  sub- 
tract from  the  lateral  diameter  of  the  chest  the  approximate 
thickness  of  the  volume  of  air  of  the  right  as  well  as  of  the  left 
lung  approximately  6  in.,  or  half  the  entire  lateral  diameter. 

Figure  3  was  made  of  a  patient,  height 
5  ft.  7  in.,  weight  160  lbs.  All  the  fourteen 
exposures  were  made  on  a  single  film  and 
calculations  made  m  the  manner  herein 
tabulated,  using  a   5  in.  gap  and  40  milli- 


In  the  lower  dorsal  laterally,  the  rays  have  to  traverse  solid 
organs:  the  liver,  stomach  and  spleen;  therefore  no  deduction 
should  be  made,  and  entire  lateral  diameter  is  to  be  considered 
excepting  the  gas  bubble  in  the  stomach,  which  is  best  eliminated 
by  compression,  displacing  the  bubble  anteriorly  to  the  bodies  of 
the  last  dorsal  vertebrae. 


SUMMARY 

I.  Variation  of  the  milliampere  seconds 
of  exposure  alone  is  not  sullieient  to  give 
uniform  roentgenograms,  and  the  penetra- 
tion has  also  to  be  \aried. 
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Fig.  3.  All  the  fourteen  exposures  in  this  iif;uri>  hltu  made  on  one  film.  Note  that  the  density  of  the-  lintiir  is 
nearly  the  same  as  the  density  of  the  hip,  also  A.  P.  and  lateral  of  wrist  are  similar. 
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II.  A  tangible  formula  is  ofTered  for 
estimating;  the  factors  necessary  for  opti- 
mum results: 

(A)  The  proper  target  plate  distance /or 
bone  detail  is  obtained  by  multiplying  the 
thickness  of  the  part  by  3  and  the  product 
subtracted  from  the  gap  by  8. 

{A')  The  proper  target  plate  distance 
for  soft  parts  Is  obtained  by  multiplying 
the  thickness  of  the  part  by  2  and  the 
product  subtracted  from  the  gap  by  8. 

(B)  The  milllampere  seconds  of  exposure 
are  obtained  by  multiplying  the  thickness 
of  the  part  by  the  factor  of  the  emulsion 
(for  films  from  30  to  40,  plates  40,  50 
or  more);  the  product  is  then  dl\lded  by 
the   milliampere  current  of  the  machine, 


and  the  quotient  is  the  number  of  seconds. 

III.  Finally,  the  diameter  of  the  thick- 
ness of  the  mass  of  tissue  to  be  radio- 
graphed offers  an  easy  and  fairh'  accurate 
Index  to  the  necessary  gap,  distance  and 
time  of  exposure. 

The  aim  of  this  paper  would  be  fully 
realized  If  it  should  stimulate  its  readers 
to  further  investigation  of  this  convenient 
and  simple  technique. 
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IN  a  previous  publication  certain  gen- 
eralizations were  mentioned  for  the 
comparison  of  doses  of  radiation  admin- 
istered under  different  conditions.  At 
that  time  it  was  considered  inadvisable 
to  discuss  In  detail  the  results  of  the 
biological  tests  made  to  compare  radium 
radiation  filtered  through  \arious  thick- 
nesses of  brass  and  rubber. 

We  know  that  filtration  Is  the  factor 
which  determines  the  quality  of  the  radia- 
tion used.  It  Is  noteworthy  that,  unfor- 
tunately, there  is  little  unanimity  of 
practice  regarding  the  choice  of  substances 
used  as  filters  and  their  thickness.  Workers 
who  employ  one  type  of  filter  find  It 
difficult  or  Impossible  to  compare  thera- 
peutic advances  achieved  elsewhere  where 
a  difterent  filter  has  been  used,  because 
there  Is  no  means  of  translating  the  doses 
into  common  units. 

It  was  with  the  idea  of  de\'eIoping  a 
method  for  interpreting  different  filtra- 
tions  of  radium  rays  by  the  same  terms 
that  this  work  was  undertaken.  Since  no 
physical  instrument  has  been  de^•ised  for 
the  purpose,  we  cmjjloyed  an  empirical 
method,  utilizing  a  biological  Indicator, 
nanicK  the  human  skin,  and  as  a  standard 


dose,   the   radiation  sufficient   to   cause  a 
faint  erythema. 

It  Is  well  known  that  the  degree  of 
erythema  produced  on  the  skin  of  different 
patients  by  the  same  dose  of  radiation  is 
not  always  the  same.  Therefore  there  must 
be  a  dose  of  radiation  such  as  will  produce 
no  \lslble  efiect  on  the  skin  of  the  less 
radiosensitive  patients,  and  a  slight,  but 
definite  effect  on  the  skin  of  the  more 
radiosensIti\"e  patients.  If  we  adopt  this 
type  of  reaction  as  our  standard  of  com- 
parison, we  can  eliminate  almost  entirely 
the  personal  element  on  the  part  of  the 
observer.  In  the  experiments  It  was  only 
necessary  to  determine  whether  an  ery- 
thema did  or  did  not  appear  following  the 
application  of  a  certain  dose  of  radiation 
to  the  skin  of  many  patients.  If  no  ery- 
thema appeared  on  the  skin  of  all  patients 
treated,  the  dose  was  too  low;  if  ei'erv' 
patient  showed  an  efiect,  the  dose  was  too 
high.  By  repeated  trials  It  Is  possible  to 
determine  the  dose  which  produces  an 
efiect  on  50  per  cent  of  all  patients,  while 
the  others  show  no  apparent  effect,  the 
indi\  iduals  being  chosen  at  random.  To  be 
sure  of  such  a  dose,  howe\er.  It  Is  necessary 
to  test  a  large  number  of  patients  in  each 
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case  for  doses  diflering  slightly  from  each 
other.  Bearing  in  mind  the  practical 
appHcations  of  these  experiments,  it  is 
evident  that  such  extreme  refinement  is 
unnecessary.  Accordingly  it  is  sufficient 
to  determine  the  close  which  produces  an 
erythema  in  the  majority  of  patients,  but 
still  produces  no  visible  effect  on  a  certain 
percentage  of  the  individuals  treated.  The 
latter  point  is  very  important,  because  it 
indicates  that  the  dose  is  not  too  high, 
without  relying  on  the  intensity  of  redness 
observed. 

It  may  be  contended  that  one  obser\'er 
may  see  an  erythema  where  another  does 
not.  In  these  experiments  such  errors  are 
negligible,  because,  on  account  of  the  type 
of  the  applicator  used,  the  small  area 
affected  by  the  radiation  was  completely 
surrounded  by  normal  skin.  Another  pre- 
caution consisted  in  making  the  tests 
always  on  the  same  part  of  the  body: 
the  volar  aspect  of  the  forearm  immedi- 
ately below  the  antecubital  fossa,  on 
account  of  the  different  sensitivity  exhib- 
ited by  different  skin  areas  of  the  same 
individual.  Personal  differences  of  the 
patients  were  taken  account  of  by  treating 
a  large  number  of  subjects  of  all  ages  and 
both  sexes,  who  were  suffering  from 
a  great  variety  of  tumors  in  all  stages. 
Normal  persons  were  not  available,  am- 
bulatory cases  were  unsatisfactory,  and 
very  weak  patients  were  not  likely  to 
survive  our  period  of  observation.  There- 
fore the  finished  records  were  obtained 
from  those  in  a  fair  general  state  of  health, 
and  the  doses  arrived  at  may  be  considered 
as  for  the  average  cancer  patient. 

The  erythema  upon  which  the  dosage 
is  based  appears  usually  within  the  fourth 
week  after  irradiation,  but  \ariations  of 
one  week  earlier  or  later  are  not  uncommon. 
In  a  considerable  percentage  of  cases  the 
erythema  proceeds  to  the  stage  of  bleb 
formation,  and  then  subsides.  This  requires 
usually  about  a  week.  Then  bronzing 
appears  and  may  persist  for  an  indefinite 
period.  In  some  cases  it  has  been  noticed 
distinctly  twenty-four  months  following 
these  tests.  Telangiectases  have  never 
been  observed  after  our  applications.  The 
texture  of  the  skin  months  afterward  is 
normal,    even    when    slight    pigmentation 


persists.  On  account  of  the  time  required 
for  the  maximum  effect  to  manifest 
itself,  these  experiments  have  extended 
over  a  period  of  nearly  three  years. 
The  experimental  conditions  for  these 
tests  were  as  follows:  In  a  cork  4  cm.  in 
diameter  and  2  cm.  high,  a  hole  2  cm.  in 
diameter  was  bored.  A  thin  silk  ribbon  was 
fastened  across  the  top,  and  a  slot  was 
provided  into  which  the  brass  filters  were 
fitted.  As  secondary  filters,  discs  of  pure 
gum  rubber  were  used,  fitting  into  the  hole 
of  the  applicator  to  make  up  the  desired 
thickness.  The  source  of  radiation  w-as, 
in  every  case,  a  tube  of  radium  emanation 
14  mm.  in  length  and  0.5  mm.  in  external 
diameter,  whose  value  in  millicuries  was 
known  accurately.  It  was  fastened  to  the 
silk  ribbon  with  a  little  parafTm,  so  that 
it  was  always  at  a  distance- of  2  cm.  from 
the  skin  of  the  patient.  This  distance  was 
adopted  in  order  to  minimize  errors  due 
to  possible  \ariations  in  the  distance  of 
application.  The  applicator  is  shown  in 
cross-section  in  Figure  i. 


tub& 


//<  ribbon 


brass 
h/ter 


CorK 


Fig.  I. 

At  the  outset  the  dosage  for  each  filtra- 
tion which  would  produce  the  effect 
required,  namely,  the  faint  erythema,  was 
not  known  and  could  not  be  predicted. 
Therefore  the  determinations  were  made 
entirely  empirically.  Whenever  possible, 
clinical  knowledge  gained  from  radium 
treatment  at  the  hospital  was  employed. 
For  every  filter,  and  the  bare  tubes,  a 
rough  estimate  was  made  of  a  safe  dose. 
This  dose  was  administered  to  a  number 
of  patients,  and  depending  upon  the 
absence  of  any  visible  reaction  or  the 
quality  of  the  skin  effect  which  followed, 
alterations  were  made  in  the  quantity  of 
radiation  applied. 

The  technique  employed  was  as  follows: 
a  patient  was  chosen  for  the  test;  the 
emanation  tubes  were  measured;  the  de- 
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sired  filter  was  arranged  for  one  tube  and 
the  other  was  left  bare;  the  tubes  were 
attached  to  their  respective  silk  shelves 
with  melted  paraffin.  Then  the  applicators 
were  attached  to  the  patient's  forearm 
with  adhesive  plaster  strips,  using  care 
not  to  lessen  the  skin  distance  by  exerting 
too  great  pressure.  As  each  applicator 
was  attached  to  the  forearm  by  one  opera- 
tor, another  began  timing  with  a  stop 
watch. 

The  patients  were  occasioned  no  dis- 
comfort by  these  manoevers,  and  the 
subsequent  examinations  were  usually 
made  at  the  same  time  that  a  dressing  was 
done. 

Observations  were  begun  at  the  end  of 
twenty-four  hours  and  after  the  first 
two  days  were  continued  at  forty-eight- 
hour  intervals  until  all  akin  reaction  had 
ended. 

On  the  basis  of  these  tests  the  millicurie- 
hour  doses  corresponding  to  ditlerent  filters, 
obtained  in  this  manner,  are  shown  in 
Table  I. 

Table   I 


Filter 

Erythema' Dose, 

Mc.  Hours 

Brass,  Mm. 

R 

ibber,  Mm. 

0 

0 

7-5 

0, 16 

I  .  2 

30.0 

0.32 

1 .2 

1 00.0 

0.50 

I  ,  2 

250.0 

0.75 

2-4 

425.0 

1 .0 

24 

630 . 0 

2.0 

2-4 

800.0 

It  will  be  noticed  that  between  the 
millicurie-hour  dose  for  unfiltered  radiation 
and  that  for  radiation  filtered  through  2.0 
mm.,  brass  and  2.4  mm.  rubber,  there  is  a 
difference  of  more  than  a  hundred  fold. 
On  this  account  it  would  ha\e  been  \'ery 
difficult  to  have  kept  the  time  of  applica- 
tion approximately  the  same  for  all  the 
tests  made.  Actually  the  apj>lications 
with  filtered  radiation  were  considerably 
longer  than  with  unfiltered  rays,  but, 
within  the  limits  of  time  variation  of  these 
experiments,  this  had  no  detectable  effect 
on  the  dose.  Special  tests  were  made 
before  this  conclusion  was  reached. 


If  we  analyze  the  results  of  Table  I, 
we  find  the  millicurie-hour  doses  increase 
with  the  filter  for  two  physical  reasons: 
( I )  The  radiation  reaching  the  skin  through 
the  filter  is  less  in  amount.  (2)  It  is  also 
more  penetrating,  and  hence  a  smaller 
amount  will  be  absorbed  by  the  tissues. 
Since  the  biological  effect  is  brought  about 
by  the  radiation  which  is  absorbed  by  the 
tissues,  the  millicurie-hour  doses  of  Table 

1  are  related  to  the  radiation  which  is 
effective  in  producing  the  obser\ed changes. 
Furthermore,  in  the  tests,  all  the  physical 
conditions  but  one — the  filtration — were 
kept  the  same,  and  therefore  the  milli- 
curie-hour doses  are  inversely  proportional 
to  what  we  may  call  the  "effective  radia- 
tion" corresponding  to  the  diflerent  filters. 

The  figures  of  Table  I  enable  us  to 
define  the  standard  erythema  dose  objec- 
tively. It  is  that  intensity  of  redness  of  the 
skin  resulting  from  a  radium  application 
under  the  conditions  described  above, 
giving  the  dose  which  corresponds  to  the 
filtrations  used.  For  instance,  if  a  radium 
tube  of  50  mc,  whose  total  filtration  is 

2  mm.  of  brass,  is  available,  it  should  be 
applied  to  the  patient  at  a  distance  of  2 
cm.  (center  of  tube  to  skin  surface)  for 
sixteen  hours  to  obtain  the  standard 
erythema.  To  make  the  conditions  as 
nearly  like  those  of  the  experiments  as  possi- 
ble, the  proper  distance  should  be  obtained 
by  means  of  a  cork  support  as  already  de- 
scribed, and  the  secondary  filter  should  be 
2.4  mm.  of  rubber.  Tests  should  also 
be  made  on  several  patients,  in  order  to 
get  an  idea  of  the  average  erythema  ob- 
tained. If  a  thinner  brass  filter  is  avail- 
able it  should  be  used  in  preference  to  the 
thicker  one,  as  the  millicurie-hour  dose 
will  be  smaller  and  the  test  will  be  more 
convenient.  However,  the  unfiltered  radia- 
tion from  a  radium  tube  docs  not  quite 
correspond  to  that  from  an  emanation 
tube,  because  the  glass  is  thicker  and  the 
salt  itself  absorbs  more  of  the  radiation. 
The  dose  here  gi\en  for  unfiltered  radiation, 
therefore,  cannot  be  checked  by  those  who 
do  not  use  the  emanation. 

Each  patient  employed  was  tested  with 
unfiltered  as  well  as  with  the  filtered  radia- 
tion. The  reason  for  this  was  that  the 
crvthema  dose  of  the  unfiltered  radiation 
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had  been  worked  out  previously,  and  there- 
fore the  reaction  obtained  from  this  known 
erythema  dose  was  used  to  check  up  our 
findings  on  the  opposite  forearm  where  the 
filtered  rays  were  appHed.  In  other  words, 
this  enabled  us  to  tell  whether  or  not  the 
patient  was  especially  radiosensitive,  and 
the  proper  dose  for  filtered  radiation  could 
be  arri\'ed  at  more  easily. 

The  "erythema  dose"  for  the  unfiltered 
rays  was  determined  in  the  same  empirical 
manner  as  mentioned  above.  It  was  found 
to  be  450  millicurie  minutes,  or  7.5  milli- 
curie  hours  for  the  2   cm.  skin  distance. 

We  found  that  the  unfiltered  radiation 
caused  the  primary  erythema  to  appear 
usually  tweKc  to  thirty-six  hours  after 
application,  with  twenty  hours  as  the 
average,  that  it  persisted  for  about  three 
days  and  then  disappeared,  leaving  no 
sign.  Simultaneously  with  the  advent  of 
the  secondary  erythema  resulting  from 
the  filtered  radiation,  there  usually  ap- 
peared a  similar  erythema  on  the  forearm 
treated  with  the  bare  tube.  This  might  or 
might  not  progress  to  bleb  formation.  It 
often  was  followed  by  bronzing  of  the  skin. 

Before  comparing  more  closely  the 
eflects  upon  the  skin  of  the  filtered  and 
unfiltered  radiation,  it  might  be  pertinent 
to  record  our  ideas  concerning  the  tissue 
changes  that  are  associated  with  the  differ- 
ent radium  reactions: 

1.  The  primary  reaction  appears  a  few 
hours  after  treatment  and  is  never  stronger 
than  an  erythema.  It  seems  to  be  a  simple 
vaso-dilatation  resulting  from  irritaton, 
and  is  not  a  specific  result  of  radiation. 
If  the  dosage  was  light,  this  primary 
erythema  disappears  in  two  or  three  days 
leaving  no  sign,  but  if  the  irradiation  was 
heavy,  it  will  persist  longer  or  may  pass 
into 

2.  The  secondary  reaction.  This  varies 
largely  with  the  quantity  of  radiation,  and 
is  but  slightly  altered  by  its  quality.  It 
may  be  of  any  degree,  from  the  faintest 
erythema  to  the  loss  of  considerable 
tissue.  It  follows  the  primary  reaction  at 
intervals,  shorter  with  large  doses,  longer 
with  smaller  doses.  This  secondary  reaction 
may  be  thought  of  as  a  local  vaso-motor 
paralysis  with  dilatation  of  the  blood- 
vessels,   which    in    the    more    aggra%ated 


cases  progresses  to  exudation  of  serum, 
hemorrhage,  swelling  of  the  endothelial 
cells  with  resulting  occlusion  of  capillaries, 
the  destruction  of  collogen  fibers,  and  the 
endothelial  and  muscle  cells  of  the  vessels. 
Such  changes  appear  as  exfoliation  of  the 
dermis,  and  they  progress  to  ulceration 
and  necrosis. 

3.  Tertiary  reactions  now  rarely  occur. 
They  ha\e  ne\er  been  seen  in  these 
tests.  During  the  earlier  years  of  radium 
therapy  they  occurred  with  some  fre- 
quency and  followed  the  administration 
of  a  large  dose  of  radiation.  Occasionally 
they  are  reported  in  the  literature  as 
delayed  radium  burns.  They  appear  about 
a  year  after  irradiation  and  are  manifest 
by  ulceration  at  the  site  treated. '--The 
immediate  cause  is  probably  an  oblitera- 
tive  endarteritis  which  cuts  off  nutrition  to 
the  part,  necrosis  following. 

In  contrasting  the  skin  effects  of  the 
radiation  produced  in  our  tests  by  the  bare 
and  the  screened  radium  emanation,  we 
are  really  comparing  the  skin  reactions  of 
beta  and  gamma  rays.  Such  a  comparison 
might  be  of  value  in  a  study  of  the  different 
reactions  to  the  rays  themsehes,  or  might 
form  the  basis  of  a  practical  test,  the  use  of 
which  would  assist  in  computing  the  dose 
of  radium  required  to  treat  the  individual 
patient. 

In  undertaking  this  experimental  work 
it  was  recognized  that  there  was  a  real 
need  for  the  de\elopment  of  some  pre- 
liminary test,  the  results  of  which  would 
enable  one  to  learn  whether  or  not  a  person 
was  especially  radiosensitive,  and  in  this 
way  to  assist  in  estimating  the  therapeutic 
dose  to  administer  to  this  indi\idual. 
Such  a  test,  by  demonstrating  the  general 
radium  reactions  of  a  patient,  might  be 
of  \alue  in  prognosticating  the  effects  of 
subsequent  radium  treatment. 

We  will  consider  the  radiation  trans- 
mitted by  filters  of  zero  and  0.16  mm.  of 
brass  to  be  principally  beta  radiation,  and 
that  filtered  through  i.o  and  2.0  mm.  of 
brass  to  be  gamma  radiation.  For  doses 
equivalent  to  each  other  as  nearly  as 
could  be  determined,  no  differences  were 
noted  in  the  reactions  occurring  within 
each  group. 

On  the  basis  of  our  observations  we  have 
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noted  that  the  beta  rays  cause  (i)  a 
promptly  visible  primary  erythema,  (2)  a 
transitory  primary  erythema,  lasting  one 
or  two  days,  followed  by  (3)  a  period  of 
days  or  weeks  during  which  time  the  skin 
appears  normal,  (4)  a  visible  secondary 
erythema  which  appears  at  the  same  time 
as  does  the  secondary  erythema  of  the 
gamma  radiation,  but  which  is  of  slight 
intensity  and  of  short  duration,  and  leaves 
the  skin  of  a  normal  texture  and  but 
moderately  pigmented. 

The  gamma  radiation  results  in  (i)  a 
primary  erythema  which  appears  usually 
on  the  second  to  fourth  day  after  irradia- 
tion and  persists  for  about  a  week,  (2)  a 
secondary  erythema  which  usually  appears 
during  the  fourth  week  and  which  may 
progress  to  bleb  formation.  This  is  fol- 
lowed by  a  bronzing,  which  when  marked, 
persists  for  many  months.  Of  course  the 
reason  for  this  seemingly  more  severe 
gamma  secondary  reaction  is  that  a  con- 
siderably greater  depth  of  tissue  is  involved 
than  is  the  case  after  exposure  to  the  less 
penetrating  beta  rays. 

The  points  of  similarity  therefore  are 
(ij  that  the  primary  erythemata  are  alike 
qualitatively,  and  (2)  that  the  secondary 
erythemata  appear  at  the  same  time  after 
treatment. 

The  points  of  difference  are  (i)  that  the 
beta  primary  reaction  usually  appears 
sooner  after  irradiation  than  does  the 
gamma  primary.  (2)  The  beta  primary 
disappears  in  a  shorter  time.  (3)  The  beta 
secondary  is  not  so  severe  a  reaction,  and 
is  followed  by  less  pigmentation.  In 
addition,  the  gamma  primary  reaction 
appears  less  frequently  than  the  beta 
primary,  and  this  seems  to  have  no  fixed 
relation  to  the  appearance  of  a  subsequent 
secondary    reaction    or    to    its    intensity. 

Therefore,  in  our  attempt  to  obtain  data 
from  which  to  formulate  a  test  for  simplify- 
ing and  rendering  more  accurate  the  thera- 
peutic administration  of  radiation,  we  have 
only  a  few  possibilities  as  indicated  in  the 
foregoing  summary.  Such  a  test  must 
be  easy  to  perform.  It  should  require  so 
little  time  that  the  usual  turnover  of  the 
hospital  beds  is  not  greatly  retarded,  and 
most  important  of  all,  it  should  be  accurate 
enough   to  indicate  within   narrow  limits 


the  amount  of  radiation  that  the  patient 
will  tolerate.  It  should  enable  the  inten- 
sity of  the  reaction  to  be  predicted  for  both 
the  patient's  skin  and  the  patient's  tumor. 

It  is  seen  that  the  beta  primary  reaction 
has  practically  no  differential  value. 
Though  it  appears  promptly,  it  does  so 
with  too  great  regularity,  has  almost  the 
same  intensity  in  all  cases,  and  remains 
visible  in  all  individuals  for  about  the 
same  period  of  time. 

The  beta  secondary  appears  much  later, 
and  in  addition  possesses  the  same  general 
faults  as  the  beta  primary,  and  is  no  better 
than  the  gamma  secondary.  The  gamma 
primary,  on  the  other  hand,  is  too  variable. 
Frequently  it  does  not  appear  at  all.  It  is 
often  so  faint  as  to  be  questionable,  and 
this  even  when  the  dose  is  correct  for  the 
patient,  as  shown  by  the  subsequent 
appearance  of  the  secondary  reaction.  The 
gamma  secondary  possesses  some  ^'ery  real 
value.  It  seems  to  be  a  better  test  of  the 
patient's  reaction.  Furthermore,  it  records 
the  reaction  to  the  type  of  radiation  of 
most  frequent  clinical  usage.  It  may  be 
accurate  for  all  practical  requirements,  but 
it  entails  a  period  of  observation  ot  approxi- 
mately a  month.  This  is  a  real  disadvan- 
tage. Other  draw-backs  to  the  routine 
use  of  this  test  are  ( i)  the  labor  and  time 
consumed,  and  (2)  the  use  of  radium  for  a 
purpose  other  than  that  of  actual  therapy. 

It  probably  will  be  granted  that  these 
obstacles  would  be  ignored  pro\ided  the 
tests  proved  of  sufficient  \'alue.  For 
this  reason  it  may  be  of  interest  to  record 
the  comprison  between  the  results  of  our 
skin  tests  and  those  obtained  by  the  thera- 
peutic applications  to  the  same  patients. 

The  skin  tests  on  these  cases  were  made 
with  the  erythema  doses  as  in  Table  I. 
The  radium  therapy  was  applied  in  accord- 
ance with  the  best  usage  by  clinicians  of 
different  divisions  of  the  hospital  staff, 
and  the  patients  represented  many  types 
of  tumor  growth.  We  may  surmise  a 
priori  that  those  patients  who  showed 
\  isible  skin  reaction  to  the  erythema  dose 
might  also  respond  favorably  to  thera- 
peutic radiation,  and  those  patients  who 
gave  negative  skin  tests  might  likewise  fail 
to  improve  clinically  after  radiation  treat- 
ment. In  any  case,  if  we  found  a  definite 
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relationship  between  the  observed  effects 
of  the  skin  tests  and  the  therapeutic  results 
of  radiation,  we  could  conclude  that  a 
suitable  skin  test  would  ha\e  a  prognostic 
\alue. 

Many  possible  factors  of  error  are 
evident  in  attempting  such  a  comparison, 
but  with  the  patients  chosen  at  random, 
and  many  types  of  tumors  represented  in 
all  stages  of  development,  and  with  more 
than  200  cases  compared,  a  deduction  may 
fairly  be  drawn,  especially  if  the  evidence  is 
predominately  in  one  direction.  Clinical 
impro\ement  was  based  upon  the  condition 
of  the  patient  at  least  six  months  after 
treatment. 

To  simplify  these  analyses,  two  main 
divisions  were  made,  namely  (i)  those 
which  showed  the  secondary  erythema,  and 
(2)  those  which  failed  to  respond  to  the 
skin  tests  with  this  reaction.  Then  the 
patients  of  each  of  these  divisions  were 
further  classified  according  to  whether  (a) 
they  responded  favorably  to  the  radium  or 
x-ray  applied  therapeutically,  or  (b)  they 
were  not  benefited  by  the  treatment.  In 
Di\ision  i  it  was  found  that  of  the  patients 
who  responded  to  the  skin  tests  by  de\  elop- 
ing visible  secondary  erythema,  the  ratio  of 
benefited  cases  to  those  not  helped  was  as 
6:1. 

In  Di\ision  2,  consisting  of  those  patients 
who  failed  to  respond  to  the  skin  test  by  a 
secondary  erythema,  the  ratio  of  the 
benefited  cases  to  those  not  helped  was 
as  1:1 1.  These  figures  would  seem  to 
indicate  that  there  is  a  relationship  between 
the  response  of  the  skin  to  radiation  and 
the  effect  of  radiation  upon  a  tumor  in  the 
same  person. 

The  cause  of  this  relationship  may  be 
some  constitutional  factor;  and  during  the 
progress  of  the  experiments  notes  were 
made  concerning  variability  in  reaction 
to  radiation  because  of  age,  sex,  complexion, 
personal  Idiosyncrasy,  etc. 

It  was  clearly  shown  that  the  young 
react  to  smaller  doses  than  do  adults  and 
that  the  same  doses  cause  a  greater  reaction 
in  youth  than  In  later  years.  Our  records 
show  that  after  sixteen  years  of  age  adult 
doses  may  be  given.  In  senility  the  per- 
centage of  secondary  reactions  to  the 
skin  test  was  verv  low,  and  few  of  these 


senile  individuals  were  benefited  by  radium 
therapy. 

Sex  variation  seemed  a  negligible  factor 
In  our  tests. 

We  obtained  little  If  any  quantitative 
difference  in  the  skin  tests  because  of 
complexion.  The  brunettes,  however,  re- 
acted with  a  bronzing  of  the  skin,  especially 
after  the  secondary  erythema,  which  was 
largely  lacking  in  the  blonds.  In  some 
white-haired  individuals  It  was  learned 
from  the  skin  pigmentation  whether  they 
had  previously  been  light  or  dark. 

Regarding  persona!  Idiosyncrasy,  It  may 
be  said  that  nothing  has  been  noted  that 
might  not  otherwise  be  explained.  The 
writer  gravely  doubts  Its  existence.  How- 
ever, one  factor  appears  as  most  important 
In  explaining  cases  of  suspected  Idio- 
syncrasy, and  this  Is  the  quality  of  the 
blood. 

While  it  was  Impossible  In  this  work  to 
get  perfectly  normal  Indhlduals  it  was 
noticed  that  In\ariably  weak  reactions 
to  radiation  occurred  In  the  anemic  persons, 
and  correspondingly  strong  reactions  were 
associated  with  high  hemoglobin  and  red 
blood-cell  count.  One  case  may  be  men- 
tioned as  Illustrati^'e  of  this  relationship: 

A  well-nourished  patient  of  normal  body 
weight  had  had  recent  severe  hemorrhage 
until  his  hemoglobin  was  40  per  cent  and 
his  red  blood-cell  count  was  2,000,000  per 
cu.  mm.  He  received  the  usual  erythema 
dose  of  both  bare  and  filtered  radiation  to 
the  forearms.  No  visible  reaction  of  any 
kind  followed.  Six  weeks  later  some 
Improvement  In  the  general  condition  had 
occurred,  and  the  same  skin  dosage  was 
reapplied  to  other  skin  areas  of  the  fore- 
arms. This  test  proceeded  through  all  the 
stages  of  \Isible  reactions  at  the  usual  time 
intervals.  In  addition,  the  areas  first 
treated  began  to  show  very  faint  erythe- 
mata  followed  by  faint  tanning,  which 
developed  into  a  distinct  bronzing  during 
the  course  of  about  three  weeks.  On 
the  day  that  the  erythema  appeared  as  the 
result  of  the  first  skin  application,  the 
hemoglobin  had  risen  to  60  per  cent, 
and  the  red  blood-cell  count  to  3,200,000. 

The  somewhat  fewer  cases  of  emaciation 
with  normal  blood  pictures  reacted  nor- 
mally and  readllv  to  our  skin  tests. 
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Therefore  in  the  search  for  a  radiation 
test  which  might  be  performed  easily,  and 
would  give  an  indication  in  a  short  space 
of  time,  we  have  failed,  because  while  the 
secondary  erythema  from  gamma  radiation 
furnished  such  an  indication,  and  in  these 
tests  was  closely  related  to  the  therapeutic 
results,  the  period  of  observation  is  too  long 
for  its  adoption  as  a  routine  procedure. 
Where  the  delay  of  a  month  is  of  little 
moment,  it  may  well  be  employed. 

On  the  other  hand,  the  relationship 
between  our  skin  tests,  the  therapeutic 
results,  and  the  patient's  blood  quality 
has  been  so  close  as  to  warrant  prediction 
of  the  effects  of  therapy  within  certain 
limits  on  the  basis  of  this  latter  factor 
alone.  This  does  not  imply,  by  any  means, 
that  all  patients  with  blood  of  good  quality 
will  be  cured  of  their  tumors,  but  it  is 
valuable  enough  to  prompt  us  to  withhold 
treatment  in  certain  cases  and  consider 
the  patients  as  unsuitable  for  radium 
therapy  until  this  factor  either  improves 
or  has  definitely  failed  to  improve  under  a 
suitable  regime,  which  might  include  blood 
transfusion.  These  statements  should  not 
be  interpreted  as  in  any  way  discouraging 
the  use  of  radium  to  check  hemorrhage,  or 
simply  as  a  palliation.  Nevertheless  it  is 
believed  that  the  results  attending  its  use 
even  for  these  purposes  will  be  most  dis- 
couraging when  the  blood  quality  is  found 
to  be  poor. 

Of  course  the  blood  count  and  hemo- 
globin estimation  are  at  present  a  part  of 
the  routine  examination  in  most  hospitals, 
and  the  application  of  this  test  to  the  prob- 
lem of  the  radiation  treatment  of  any 
given  individual  causes  no  delay  in  his 
treatment,  nor  does  it  interfere  with  the 
activity  of  the  hospital. 

CONCLUSIONS 

1.  A  method  is  described  whereby  skin 
erythema  produced  by  radiation  can  be 
used  as  a  standard  of  comparison,  free 
from  the  usual  subjccti\e  errors. 

2.  Using  this  as  an  objective  biological 
indicator,  the  effect  of  liltration  on  radium 
radiation  was  determined. 

3.  The  results  (Table  I)  show  in  what 
proportion  the  millicurie-hour  doses  must 


be  A'aried  to  produce  the  standard  ery- 
thema with  brass  filters  varymg  from  zero 
to  two  millimeters.  The  millicurie-hour 
doses  of  Table  I  are  for  a  distance  of  two 
centimeters.  For  any  other  distance  they 
will  be  different  but  they  will  maintain  the 
same  relative  values. 

4.  Having  used  skin  erythema  as  a 
biological  indicator,  the  results  are  directly 
applicable  to  skin  dosage  in  radium 
therapy. 

5.  The  determinations  were  made 
empirically,  since  no  other  method  is 
available  at  the  present  time.  The  results, 
therefore,  are  not  dependent  upon  any 
assumed  correspondence  between  physical 
measurements  and  biological  effects. 

6.  In  attempting  to  formulate  a  skin 
test  the  result  of  which  would  enable 
us  to  treat  the  patients  more  accurately, 
we  found  that  the  secondary  reaction  to 
gamma  radiation,  when  the  erythema  dose 
was  applied,  was  closely  associated  with 
the  subsequent  therapeutic  result.  This 
fmding  was  borne  out  in  over  200  cases  and 
for  many  varieties  of  tumor. 

7.  Among  those  patients  who  reacted 
with  a  skin  erythema  to  the  test  application 
of  radium,  and  received  radium  therapy, 
examination  of  the  records  at  least  six 
months  afterward  showed  6  benefited  to 
I  unimpro^■ed.  Likewise,  considering  the 
class  of  negative  skin  tests,  or  those 
patients  who  failed  to  respond  to  the  test 
application  by  the  formation  of  a  visible 
gamma  secondary  reaction,  the  number  of 
those  not  benefited  by  radium  therapy  was 
greater  than  those  who  were  improved  in 
the  proportion  of  1 1 :  i . 

8.  It  was  found  that  the  reactions  to  the 
radium  skin  tests  were  intimately  asso- 
ciated with  the  quality  of  the  blood  of  the 
patients  tested.  Those  with  normal  or 
nearly  normal  blood  reacted  readily  to  the 
skin  erythema  dosage,  while  anemic  indi- 
viduals either  failed  to  respond  entirely, 
or  reacted  faintly  and  atypically. 

9.  The  association  between  the  positive 
skin  test  and  fa\  orable  blood  findings  has 
been  so  close  throughout  these  experiments 
that  we  believe  the  latter  factor  to  be  of  the 
greatest  prognostic  ^■alue.  On  the  basis  of 
our  results  the  patients  with  a  normal  or 
nearly  normal  blood  picture,  other  factors 


Wilhclm  Conrad  Roentgen:   In  iMemoriam 


66 1 


being  equal,  will  be  benefited  or  cured 
by  radium  therapy,  while  the  anemic 
individuals  will  fail  to  show  such  a  favor- 
able response  to  the  same  treatment.  We 
therefore  recommend  the  routine  blood 
examination  of  each  cancer  patient,  both 
before  radium  treatment  and  during  the 
course   of  observation,    with   the   idea   of 


maintaining  a  high  hemoglobin  content 
and  red  blood-cell  count,  so  that  the  most 
favorable  reactions  possible  may  result 
from  our  radiation  therapy. 

In  conclusion  the  author  wishes  to  thank 
Mr.  G.  Failla  for  having  suggested  the 
problem  and  Mrs.  Edith  Quimby  for  her 
cooperation  in  making  the  tests. 
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^HE  German  Roentgen  Ray  Society 
convenes,  at  its  fourteenth  meeting, 
for  the  first  time  outside  of  Berlin.  The 
choice  fell  upon  Munich.  Our  hope  that 
this  meeting  would  be  distinguished  by  the 
presence  of  our  most  illustrious  honorary 
member  has  been  set  at  naught  by  the  sad 
coincidence  that  the  city  where  we  now 
meet  is  the  place  of  the  death  of  the  man 
to  whom  we  all  owe  our  gratitude.  So  it  is  a 
necessary  and  sacred  duty  to  precede  the 
business  of  the  day  by  a  brief  memorial 
for  our  distinguished  dead. 

Wilhelm  Conrad  Roentgen  is  no  longer 
among  the  living.  On  the  loth  of  Feb- 
ruary of  this  year  passed  one  of  the 
greatest  discoverers  and  men  of  learning  of 
all  time.  On  the  13th  of  February  a  small 
select   group    paid    him    the    last    honors. 

Roentgen  was  born  March  2~,  1845,  in 
the  little  town  of  Lennepp  in  the  moun- 
tainous region  of  the  lower  Rhine.  His 
youth  was  spent  in  Holland.  At  the  end  of 
his  studies  in  Zurich,  in  1869,  he  was 
graduated  from  the  technical  college. 
As  assistant  of  the  physicist  Kundt  he 
came,  in  1870,  to  Wurzburg  and  in  1872 
went  with  his  professor  to  Strassburg,  where, 
in  1874,  he  became  a  lecturer  in  the  Uni- 
versity. In  1875  he  was  called  to  a  profes- 
sorship in  the  agricultural  college  in 
Hohenheim  and  in  1876  returned  to  Strass- 
burg as  extraordinary  professor.  In  1880 
he  was  called  to  Giessen  as  professor;  in 
1888,  to  Wurzburg;  since  1900  he  had 
worked  here  in  Munich,  where  in  1919  he 
retired  from  teaching. 

In    December,    1895,    in    the    Phvsical- 
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presented  his  first  epoch-making  com- 
munication, "On  a  new  kind  of  ray," 
which  was  followed  on  January  23,  1896, 
by  the  demonstration  of  further  practical 
applications;  this  meeting  closed  with  the 
making  of  the  now  famous  plate  of  the 
hand  of  Gehcimrat  von  Kolliker.  On 
March  9,  1896,  and  May  13,  189-,  two 
further  communications  appeared,  to  de- 
velop the  epochal  contents  of  which 
remained  for  the  circle  of  roentgenologists. 
The  astonishing  fact  is  appreciated  every- 
where that  Roentgen,  in  these  three 
fundamental  -works,  recognized  almost 
completely  the  physical  properties  of  the 
roentgen  rays  and  in  concise,  accurate  and 
exhaustive  fashion  described  them;  so 
that  with  all  due  respect  to  the  value  ot 
the  great  number  of  physical  works  of 
many  investigators,  the  great  discovery 
by  Laue  of  the  wave  nature  of  the  roentgen 
rays  has  been  the  only  important  addition 
in  a  decade  and  a  half. 

The  eftect  of  these  three  communica- 
tions on  the  whole  ci\'Ilized  world  was  over- 
whelming. The  surpassing  greatness  of  his 
scientific  deed  lies  in  that  Roentgen  was 
the  only  one  of  the  many  experimenters 
who  not  only  saw,  but  comprehended 
correctly,  the  empirical  discovery,  pursued 
it  further  and  added  to  it;  that  he  recog- 
nized that  the  observed  manifestations 
were  due,  not  to  the  cathode  rays,  but  to  a 
new  and  unknown  kind  of  rays.  That 
accident  came  to  his  aid,  in  no  manner 
diminishes  the  greatness  of  his  immortal 
work;  only  ill-natured  envy  could  make 
such  a  criticism.  On  the  contrary,  in  the 
ability  to  interpret  correctly  the  accidents 
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which  are  never  lacking  when  there  are 
great  discoveries,  lies  the  greatness  of  the 
surpassing  investigator. 

But  Roentgen  not  only  exhaustively  set 
forth,  in  his  first  works,  the  physical  prop- 
erties of  these  rays:  and  even  predicted 
their  relation  to  light  rays,  he  had  the 
vision  of  the  epochal  development  which 
his  discovery  would  bring  about  in  medical 
science. 

The  further  development  of  medical 
roentgenology,  for  which  he  had  furnished 
the  firm  foundation,  he  left,  with  his 
modest  reserve,  to  the  medical  men,  who 
in  turn  because  of  the  rapid  extension  and 
the  li\ely  progress  of  the  method  very  soon 
called  in  the  help  of  physicists  and  technical 
men,  men  of  science  and  of  the  industries. 

His  great  reserve  and  his  antipathy 
toward  acclaim  repeatedly  kept  him  from 
accepting  in\Itations  to  honor  our  annual 
congresses,  which  early  became  the  center 
of  roentgenologic  science  and  technique. 

To  speak  in  this  forum  of  the  com- 
prehensive scope  and  the  practical  sig- 
nificance of  roentgenology  on  its  present 
plane  seems  to  be  superfluous.  \'ou  all, 
ladies  and  gentlemen,  are  practical  working 
witnesses  that  there  is  no  branch  of  medi- 
cine or  surgery  that  has  not  recognized 
the  aid  of  the  rays  and  made  them  ser\e 
its  needs,  in  either  diagnostic  or  thera- 
peutic application. 

Not  only  practical  medicine,  dentistry 
and  veterinary  medicine  have  made  unfi)re- 
seen  progress  through  the  extension  of  the 
discovery,  but  also  the  theoretical  branches, 
anatomy,  pathologic  anatomy,  embryol- 
ogy, physiology,  biology,  etc.,  have 
adopted  roentgen  rays  with  constantly 
increasing  interest  and  profit. 

In  our  enthusiasm,  however,  we  medical 
men  must  guard  as  rigorously  against  a 
false,  one-sided  o\erestimate  of  the  value 
of  our  diagnostic  adjunct  as  against  a 
summar\'  subordination  of  it  by  a  pre- 
conceived clinical  opinion.  An  uncritical 
estimate  of  the  roentgen  findings,  divorced 
from  the  results  of  the  clinical  examination, 
or  a  readmg  into  it  of  things  which  the 
roentgenogram  cannot  show,  invoUe  a 
greater  risk  and  more  severe  consequences 
than  the  entire  omission  of  the  roentgen 
examination.  The  roentgenogram  is  always 


correct,  but  it  is  not  always  interpreted 
correctly;  more  is  demanded  of  it  than 
should  be.  The  roentgenologic  demonstra- 
tion of  a  pathologic  process  may  fail,  but 
to  exclude  such  a  process  on  this  ground 
would  be,  in  many  cases,  an  error.  In  the 
ability  to  recognize  its  possibilities,  still 
often  narrowly  limited,  lies  the  art  of  the 
roentgenologist.  A  pathologic  change  may 
be  shown  in  a  roentgenogram,  yet  herein 
alone  lies  no  proof  that  it  is  identical  with 
the  anatomical  basis  for  the  patient's 
complaint. 

We  can  thank  the  great  benefactor  of 
suffering  humanity  no  better  than  to 
stri\e  to  employ  rightly  the  instrument  he 
has  given  us,  and  that  is  not  always  easy. 
Roentgenoscopy  and  roentgenography 
compose  no  pons  asinorum  of  medical 
diagnosis.  Medical  art  and  diagnostic 
development  are  not  decreased  by  it, 
but  on  the  contrary,  enriched.  Also,  "nil 
nocere"  must  remain  in  the  development 
of  every  technique  the  supreme  medical 
watchword. 

Notwithstanding  the  diligent  work  of 
unnumbered  practitioners,  investigators 
and  scholars,  the  world  awaits  still  further 
application  and  clarification  in  almost 
e\'ery  province  of  medicine,  physics,  and 
technical  use,  and  further  progress  in 
scientific  and  practical  apphcation.  Despite 
the  restraint  which  the  world  war  and  the 
revolution  with  its  catastrophic  conse- 
cjuences  ha\e  placed  upon  the  de\elop- 
ment  of  every  kind  of  culture,  we  see  in  our 
province  a  fresh  scientific  efibrt  and  energy 
to  which  this  present  Congress  may  bear 
witness. 

Medicine  is  not  the  only  debtor  to 
Roentgen's  discovery  for  mighty  strides. 
Innumerable  other  branches  of  natural 
science  have  taken  the  roentgen  rays  into 
their  service:  zoology  and  botany,  paleon- 
tology and  anthropology,  even  the 
graphic  arts;  but  above  all,  chemistry, 
mineralogy  and  crystallography.  Many 
problems  of  crystal-structure  and  molec- 
ular in\cstigation  must  be  studied  com- 
pletely anew  with  the  aid  of  the  roentgen 
rays;  and  the  systematic  investigation 
of  the  elements  has  acquired,  through 
roentgenologic  spectroscopy,  an  entirely 
new  foundation. 


W'ilhelm  Conrad  Roentgen:  In  Memoriam 
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Discoveries  of  such  overwhelmino;  impor- 
tance ha^■e  been  rare  in  the  history  of 
science.  Roentgen's  deed  and  name  will 
forever  remain  with  those  at  the  pinnacle 
of  the  greatest  of  all  time. 

We  medical  men  know  our  Roentgen  and 
estimate  him  and  his  greatness  trom  our 
viewpoint  and  on  account  of  the  great 
discovery  by  which  he  has  benefited  us, 
while  many  of  us  are  unaware  of  his 
tremendous  importance  in  the  realm  ot 
physics,  aside  from  the  discovery  which 
almost  overshadowed  his  other  achieve- 
ments. Many  of  us  learned  first  from  the 
memorial  address  of  his  successor  to  the 
Munich  chair,  Geheimrat  Wien,  that  his 
other  physical  works  alone  would  entitle 
him  to  a  place  among  the  greatest  physi- 
cists of  all  time:  works  and  discoveries 
which  were  of  fundamental  bearing  upon 
the  theory  of  electro-magnetics,  and  even 
upon  the  theory  of  relativity.  Geheimrat 
Wien  emphasized  the  absolute  reliability, 
the  rigor  of  proof,  and  the  exactness  of 
expression  which  distinguished  Roentgen's 
productions  from  all  others,  and  desig- 
nated him  as  the  best  classicist  in  the 
exact  sciences. 

Other  honors,  well-deser\ed,  were  not 
withheld  from  Roentgen.  In  1896  he  was 
made  an  honor  citizen  of  his  native  town. 
In  the  same  year  he  received  the  Rumford 
medal  ot  the  Royal  Society  of  London,  and 
in  iqoo  the  Barnard  medal  of  Columbia 
University  and  the  Nobel  Prize  for  physics. 
He  was  an  honorary  member  of  our  society, 
and  of  innumerable  medical  societies  which 
bore  his  name.  He  was  a  member  of  the 
Prussian  and  Bavarian  Academies  of 
Science,  a  knight  of  high  orders,  and  was 
elevated  to  the  nobility  and  given  the  title 
of  Excellency. 

We  hear  of  Roentgen's  remarkable 
personal  characteristics  which  ha\e  been 


but  little  known,  of  the  high  lights  of  his 
character,  chief  among  which  were  upright- 
ness, love  of  truth,  self-criticism  and 
modesty.  He  kept  at  his  research  with  a 
pure  idealism  and  never  accepted  material 
gain  from  the  fruits  of  his  labors.^  The 
greater  the  fame  he  attained,  the  more  retir- 
ing he  became.  His  greatest  satisfaction  was 
the  assurance  that  he  had  conferred  upon 
humanity  an  imperishable  blessing. 

We  physicians  and  natural  scientists, 
and  with  us  the  whole  of  humanity,  are 
eternally  indebted  to  this  greatest  of  the 
great.  To  our  gratitude  attaches  still  one 
thing  without  which  it  would  be  incom- 
plete. In  the  memorable  meeting  of  Jan- 
uary 23,  1896,  the  venerable  anatomist, 
von  Kolliker,  proposed  to  name  the 
so-called  .v-rays  after  their  discoverer. 
The  proposal  found  unanimous  approval. 
It  should  be  to  us  a  sacred  duty  to  preserve 
the  name  of  the  immortal  discoverer  for  all 
time,  and  to  protect  this  nomenclature 
from  indifference,  and  above  all,  from  the 
ill-will  of  hostile  foreign  countries,  in  which 
attempts  have  been  made  to  discontinue 
the  name  of  the  German  discoverer. 

\\'hile  the  designation  "radiology"  may 
be  correct  for  the  terminology  of  the 
science  of  rays,  it  should'  be  impossible 
to  speak  of  anything  in  relation  to  roentgen 
rays  except  in  words  carrying  Roentgen's 
name;  and  terms  such  as  "radiography"  or 
".\-rays"  should  be  proscribed. 

I  beg  of  you  in  token  of  your  lasting 
gratitude  and  your  respect,  to  rise.  Let  us 
in  this  hour  of  commemoration  take  the 
solemn  vow  that  we  shall  strixe  to  admin- 
ister and  protect  Roentgen's  legacy  as  he 
would  have  it. 

1  In  a  personal  communication,  Dr.  Haenisch  corrects  the  state- 
ment in  the  April  number  of  the  Journal,  that  Roentgen  died  in 
poverty  in  the  house  of  a  friend:  "Roentgen  was  riot  rich,  for  he 
absolutely  refused  to  accept  any  financial  or  material  advantages 
through  his  invention,  but  he  lived  in  normal  circumstances,  after 
retiring  from  his  professorship  in  1919.  in  a  village  suburb  ■-■'■ 
Munich." 
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AMERICAN  ROENTGEN  RAY 
SOCIETY' 

TWENTY-FOURTH    ANNUAL    MEETING 
PRELIMINARY    PROGRAM 

The  preliminary  program  which  is 
pubhshcd  herewith  indicates  that  the 
forthcoming  meeting  in  Chicago  will  be 
of  such  a  character  as  to  make  it  a  memor- 
able one,  and  it  is  hoped  that  not  only 
members  but  all  others  who  are  interested 
in  roentgenology  will  make  an  effort  to 
be  in  attendance. 

CALDWELL    LECTURE 

Brown,  Dr.  Percy.  (On  the  question  of  medical 
educ.'ition  and  its  relation  to  roentgenology.)  Title  to 
be  announced. 

FOREIGN     CONTRIBUTORS     TO     BE     PRESENT 

Costa,  Prof.  Calatayud,  Madrid. 
Knox,  Dr.  Robert,  England. 
Friedrich,  Prof.  Walter,  Germany. 
BucKV,  Dr.  Gustav,  Germany. 
Hodges,  Dr.  Paul  C.,  China. 

PAPERS     ON     THERAPY     AND     THERAPEUTIC 
RESEARCH 

Knox,  Dr.  Rouert,  England.  "Some  Aspects  of  the 
Cancer  Problem." 

Friedrich,  Proi-.  Waiter,  Freiburg,  Germany. 
Title  to  be  announced. 

Bachem,  Dr.  Ai.heri-,  (Chicago,  111.  "Radium  and 
Roentgen  Rays  as  DillVnrit  Agents  in  Supcrliciai  and 
Deep  Therapy." 

Evans,  Dr.  Wm.  A.,  and  Leucu  riA,  T.,  Detroit,  Mich. 
"Deci)  Roentgen  .Therapy  of  Neoplastic  Pulmonary 
Metastases." 

Ullman,  Dr.  Henry,  Santa  Barbara,  Calif.  Title 
to  be  announced. 

Gerher,  Dr.  I.,  Providence,  R.  I.  "A  Review  of 
Therapy  as  Seen  on  the  Continent." 


Drs.  Falconer,  Ernest,  Morris,  Laird  H.,  and 
Ruggles,  Howard  E.,  San  Francisco,  Calif.  "The 
Effect  of  Roentgen  Rays  on  Bone  Marrow." 

Goosmann,  Dr.  Charles,  Cincinnati,  Ohio.  "Tech- 
nique of  High  Voltage  A'-Ray  (Combined  with 
Radium)." 

Steele,  Dr.  Geo.  H.,  Oshkosh,  \^'is.  Therapy  of 
tuberculosis. 

Beck,  Dr.  Emil,  Chicago,  111.  "Cancer  Therapy 
from  the  Surgeon's  Standpoint." 

Pfahler,  Dr.  G.  E.,  Philadelphia,  Pa.  "Measure- 
ments of  Four  Different  Types  of  High  Voltgge  X- 
Ray  Machines  by  the  Duane  Method  and  the  Friedrich 
lontoquantimeter." 

.Martin,  Dr.  Chas.  L.,  Dallas,  Texas.  "Roentgen 
Cachexia." 

Williams,  Dr.  John  G.,  Brooklyn,  N.  Y.  "The 
A -Ray  Treatment  of  Fibroids  of  the  Uterus  and  Uterine 
Bleeding  not  due  to  .Malignancy." 

PoRTis,  Dr.  Sydney,  Chicago,  111.,  and  Arens,  Dr. 
Robert,  Chicago.  "The  Effects  of  the  Shorter  Wave- 
Length  Therapy  on  Gastric  Secretion  of  Dogs." 

PiRiE,  Dr.  a.  H.,  Montreal,  Can.  "The  Platino- 
cyanide  Pastille  in  Deep  A'-Ray  Therapy." 

Lawrence,  Dr.  W.  S.,  .Memphis,  Tenn.  "High 
Voltage  Treatment  in  a  Series  of  Sarcoma  Cases." 

Dunham,  Dr.  Kennon,  Cincinnati,  Ohio.  "The 
Control  of  Hyperthyroidism." 

SoiLAND,  Dr.  Albert,  Los  Angeles,  Calif.  "Evolu- 
tion of  A'-Ray  Therapy." 

Case,  Dr.  James  T.,  Battle  Creek,  .Mich.  Title  to  be 
announced. 

Stevens,  Dr.  J.  Thompson,  Montclair,  N.  J. 
"Technique  and  Statistics  in  the  Treatment  of  Super- 
ficial and  Accessible  Malignancy  with  Radium,  Roent- 
gen Rays,  and  Electrothermic  Coagulation." 

PAPERS    ON    DIAGNOSIS 

Spangler,  Dr.  D.avis,  Dallas,  Texas.  "The  V.alue 
of  .\-Rays  in  tlie  Diagnosis  of  At\pical  Pregnancies, 
with  Report  of  Two  Cases  of  Anencephaly  Diagnosed 
Before  Birth." 

DouB,  Dr.  Howard  P.,  Detroit,  .Mich.  "Organic 
Hour-Glass  Contracture  of  the  Stomach  with  Some 
Reference  to  the  Surgical  Treatment." 

HiCKEV,  Dr.  p.  .\1.,  Ann  Arbor,  Mich.  "Multiple 
Osteomyelitis." 

Cathcart,  Dr.  J.  W.,  El  Paso,  Texas.  "Bone  Dystro- 
phies of  Smallpox." 
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Nichols,  Dr.  Bernard  M.,  Cleveland,  Oliio. 
"Hydronephrosis." 

Moore,  Dr.  A.  B.,  Rochester,  .Minn.  Title  to  be 
announced. 

.Moore,  Dr.  C.  N.,  Schenectadj',  N.  Y.  (General 
Elcc.  Co.).  "Data  on  New  Water-Cooled  Tube." 

Mills,  Dr.  R.  Walter,  St.  Louis,  Mo.  " X-YKay 
Evidence  of  Colonic  Secondary  Reactions." 

George,  Dr.  Arial  W.,  Boston,  Mass.  Title  to  be 
announced. 

Green,  Dr.  J.  H.,  Rochester,  N.  Y.  "An  AT-Ray 
Study  of  1500  Children  Before  and  After  Tonsil- 
lectomy Under  Ether." 

Bo\VM.\N,  Dr.  W'm.  B.,  Los  Angeles,  Calif.  "Back 
Injuries." 

KoENiG,  Dr.  E.  C,  Buffalo,  N.  \'.  "The  Upper  Left 
Quadrant." 

Grier,  Dr.  G.  W.,  Pittsburgh,  Pa.  "X-Ray  Study  of 
the  Thymus  Gland." 

LeWald,  Dr.  L.  T.,  New  \'ork,  N.  Y.  "Lateral 
Roentgenography  in  Pulmonary  Abscess." 

Jenkinson,  Dr.  E.  L.,  Chicago,  111.  "Carcinoma  of 
Gastrointestinal  Tract  Accompanied  by  Bone 
Metastases." 

Phemister,  Dr.  P.  B.,  Chicago,  111.  "Differences  in 
Destruction  of  Cartilage  in  Tuberculous  and  Pyogenic 
Arthritis." 

Sante,  Dr.  L.  R.,  St.  Louis,  Mo.  "Tuberculous 
Lobar  Pneumonia." 

Skinner,  Dr.  E.  H.,  Kansas  City,  Mo.  "Observa- 
tions upon  Opaque  Residues  in  the  Colon:  Report 
of  one  case  Harboring  one  Opaque  Meal  in  the  Colon 
for  Five  Weeks." 

Tyler,  Dr.  A.  P.,  Omaha,  Neb.  "Dental  Pathology 
as  Revealed  bj'  the  AT-Ray  Examination  and  Under- 
lying Principle  of  Treatment." 

Stewart,  Dr.  W.  H.,  New  York,  N.  Y.  "Someofthe 
Pitfalls  in  the  Roentgenographic  Diagnosis  of  Colonic 
Lesions  with  Suggestions  as  to  the  Proper  Method  of 
Overcoming  Same." 

Blaine,  Dr.  E.  S.,  Chicago,  111.  "Healed  Miliary 
Tuberculosis  of  Lungs." 

Bassler,  Dr.  Anthony,  New  York,  N.  Y.  "Is 
Haudeck's  Niche  as  Diagnostic  of  Ulcer  as  Believed?" 


OFFICERS  OF  NEW^  ENGLAND 
SOCIETY 

At  its  last  meeting,  the  New  England 
Roentgen  Ray  Society  elected  for  its 
officers  for  the  coming  year  the  following: 
President,  Dr.  P.  F.  Butler,  Boston,  Mass. 
Vice-President,  Dr.  W.  A.  La  Field,  Bridge- 
port, Conn.  Secretary  &  Treasurer,  Dr. 
A.  S.  MacMillan,  Boston,  Mass.  Member 
of  Executive  Committee,  Dr.  Geo.  W. 
Holmes,  Boston,  Mass. 

COMING  MEETING  OF  THE 
ITALIAN  SOCIETY  FOR 
MEDICAL  RADIOLOGY 

The  fifth  congress  of  the  Italian  Society 
for  Medical  Radiology  will  take  place 
at  Palermo,  October  1 8th  to  21st  inclusive. 
The  program  is  announced  as  follows: 

1 .  Address  of  welcome  by  the  president  of 
the  society.  Professor  Gioacchino  Scaduto. 

2.  Professor  Rossi  (Parma) :  Roentgen 
therapy  of  diseases  of  the  skin. 

3.  Professor  Gortan  (Trieste) :  Pneumo- 
radiography. 

4.  Professor  Boidi  Trotti  (Torino) :  Ra- 
diographic diagnosis  of  the  urinary  system. 

5.  Scientific  communications. 

The  secretary  of  the  society  is  Dr. 
Salvatore  Sgroi,  to  whom  communications 
should  be  addressed  at  Via  Alloro,  58 — 
Palermo. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  J^ew  Tor\  City,  are  in'' 
vited  to  make  the  office  of  The  Journal  (69  East  59th  Street,  J<iew  Tor^  their  headquarters.  Mail, 
pac\ages  or  baggage  may  be  addressed  m  our  care.  Hotel  reservations  will  gladly  he  made  for  those 
advising  us  in  advance:  in  this  case,  \indly  notify  us  m  detail  as  to  requirements  and  prices.  List  of 
operations  in  ?^ew  Tor\  hospitals  on  file  in  our  office  daily. 
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Abstract  of  Proceedings  ot  the  Fourteenth 
Session  of  tlie  German  Roentgen  Ray  Society, 
Munich,  April  15-18,  1923.' 

The  meeting  of  the  German  Roentgen  Ray 
Society  occurred  this  year  for  the  first  time 
outside  of  Berlin  and  was  coincident  with  the 
Congress  of  Internists  in  Vienna.  Prominent 
in  the  work  of  the  committees  meeting  on 
April  15th  \\as  the  discussion  of  roentgen-ray 
injuries  and  protection  against  them.  A  manual 
of  directions  for  their  avoidance  is  to  be  issued, 
which  will  contain  the  statement  of  minimum 
demands  for  legal  purposes.  The  executive 
committee  decided  to  endeavor  to  obtain  a 
ruling  through  a  communication  to  the  authori- 
ties, classing  roentgen  therapy  with  potent 
drugs  (poisons)  and  preventing  its  unrestricted 
use;  and  further,  to  make  it  necessary  lor  a 
license  to  be  obtained  to  conduct  a  Roentgen 
institute. 

In  the  great  auditorium  ol  the  University 
Fraucnklinik,  the  scientific  convention  opened 
on  April  16  with  a  memorial  address  by  the 
president.  Professor  Dr.  Haenisch  of  Hamburg, 
in  honor  of  the  discoverer  who  died  in  February. 

After  greeting  the  guests,  Haenisch  opened 
the  Congress  (which  was  composed  of  956 
members)  and  the  associated  industrial  exposi- 
tion. 

The  first  day  was  de\(ited  to  diagnosis,  and 
was  opened  by  a  paper  by  Jehn  of  Munich,  in 
collaboration  with  Sauerbruch,  on  the  roent- 
genologic diagnosis  of  surgical  .disease  of  the 
lungs.  The  essayist  submitted  that  two 
measures  had  made  possible  the  development 
of  surgery  of  the  thorax:  the  pressure  chamber 
which  enables  the  thorax  to  be  opened  without 
immediate  danger  to  life,  and  the  exact  roent- 
genologic diagnosis,  which  is  so  important  for 
surgical  procedure.  In  disease  of  the  chest  wail 
the  roentgenologic  examination  often  reveals 
otherwise  unrecognizable  involvement  of  the 
thoracic  contents.  The  closed  pneumothorax 
in  all  its  forms  and  spontaneous  pneumothorax 
are  thoroughly  investigated.  The  sharp  relief 
of  the  lungs  allows  also  the  fruitful  application 
of  pneumothorax  for  diagnostic  purposes.  The 
mo\ement  of  the  lung  in  closed  jineumothorax 
corresponds  to  the  t\pe  for  the  normal  lung, 
so  long  as  there  is  negative  pressure  in  the 
pleural  space.  In  the  perilous  open  pneumo- 
thorax the  occurrence  of  paradoxical  breathing, 
flapping  of  the  mediastinum,  etc.,  are  easily 
recognized  by  roentgenoscopy.  Especially 
impressi\eare  the  roentgen  findings  in  pneumo- 
thorax with  positive  pressure.    Characteristic  of 


'  TraiisUitcd  from  .1  manuscript  received  througli  courtesy 
Dr.  il.-icnisch. 


valvular  pneuiiKjthorax  as  consequences  of  the 
increased  pres  sure  are  changes  affecting  the 
mediastinum  and  the  diaphragm.  Epidiaphrag- 
matic,  apical  and  mediastinal  empyema,  difTicult 
of  diagnosis,  were  first  recognized  with  certainty 
by  roentgen  examination.  Basal  empyemas  are 
differentiated  from  subphrenicabscesses  by  their 
border  being  concave  toward  the  apex  of  the  lung, 
while  the  border  of  the  subphrenic  abscess  is 
convex.  Also  clinically  obscure  febrile  cases  are 
diagnosed  by  the  roentgen  examination  which 
reveals  a  small  empyema.  The  principal  cause 
of  a  residual  empyema  cavity,  namely,  small 
bronchial  fistulae,  can  often  be  recognized 
roentgenologically.  In  abscesses,  stereoscopy  is 
indispensable.  If  fever  persists  after  operative 
treatment  of  abscesses  and  gangrene,  clinical 
examination  fails  because  of  the  depreciation 
of  the  significance  of  auscultatory  and  per- 
cussion phenomena  from  induration  and  scar- 
formation  and  bronchial  fistulae.  Here  only 
the  roentgen  examination  is  of  further  aid. 
As  operati\-e  procedure  in  the  cavernous  forms 
of  bronchiectasis,  pneumotomy  is  recommended; 
in  the  difluse  forms,  pneumectomy;  for  phreni- 
cotomy  and  thoracoplasty  have  brought  but 
little  impro\ement  in  bronchiectasis.  On  the 
other  hand,  thoracoplasty  is  recommended  in 
unilateral  cirrhotic  tuberculous  processes  in  the 
lung.  The  roentgen  plate  is  of  great  significance 
in  respect  to  indications  for  operation  and 
determination  of  its  extent;  and  it  shows  in  the 
cases  selected  for  operation,  how  the  tubercu- 
losis will  heal;  it  shows  the  displacement  of  the 
diaphragm  upward,  and  that  of  the  medias- 
tinum toward  the  diseased  side.  The  rigidity 
of  the  thoracic  cage  hinders  the  healing  process, 
which  was  first  made  possible  by  thoracoplasty. 
The  roentgenologic  studies  of  these  occurrences 
have  given  the  stimulus  to  an  operative  treat- 
ment of  these  secondary  scolioses.  The  surgical 
treatment  of  pulmonary  tuberculosis  has  been 
proved  out  upon  500  cases;  the  results  were 
demonstrated  upon  plates  and  upon  patients. 
In  the  discussion  upon  operative  treatment  of 
lung  tumors,  attention  was  called  to  the  relative 
frequency  of  primary  pulmonary  carcinoma 
superimposed  upon  healing  tuberculosis  and 
bronchiectases  demonstrated  ijy  the  roentgeno- 
gram. Of  5  cases  of  primary  lung  tumor  oper- 
ated upon,  one  patient  was  li\ing  after  five 
years  and  another  after  three.  The  difiicult  and 
not  always  risk-free  procedure  of  esophagos- 
copy  can  in  many  cases  be  replaced  by  exami- 
nation of  the  esophagus  with  a  contrast  meal. 
The  roentgen  examination  often  demonstrates 
tumors  of  the  posterior  mediastinum  which  give 
no  clinical  manifestations. 
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In  the  second  paper,  Kupferle  of  Freiburg 
gave  an  anatomical  analysis  of  the  roentgen 
picture  in  phthisis.  With  Gracff  of  Freiburg 
he  has  made  roentgenologic-anatomic  studies, 
by  the  use  of  a  process  of  hardening  the  whole 
thorax  and  then  making  any  desired  number 
of  frontal  sections.  This  allowed  topographic 
studies  of  the  shadows  appearing  on  the  plate 
and  of  the  phthisic  foci  lying  at  various  depths 
in  the  lungs.  The  essayist  demonstrated  numer- 
ous instructive  roentgen  plates  and  the  corre- 
sponding serial  sections  of  the  anatomic 
preparations,  and  showed  how  the  often  com- 
plicated shadows  on  the  plates  can  be  reduced  to 
their  individual  components.  The  productive 
focus  (granulation  tissue)  involves  the  acinus 
and  shows  on  the  plate  fairly  sharp,  round  to 
trifoliate  flecks:  the  picture  of  productive- 
acinous-nodose  phthisis.  The  exudative  focus, 
on  the  other  hand,  quickly  in\oIves  the  lobule 
and  on  the  plate  has  irregular  borders.  The 
third  form,  the  indurative-cirrhotic  tubercu- 
losis, and  the  fourth  form,  the  miliary  tuber- 
culosis, were  clarified  by  the  comparison  of 
plates  and  serial  sections. 

Chaoul  of  Munich  called  attention,  during 
the  discussion  of  indications  for  thoracoplasty 
in  pulmonary  tuberculosis  on  the  ground  of 
roentgen  findings,  to  the  fact  that  the  result  of 
thoracoplastic  operations  is  at  times  limited  by 
the  lack  of  resistance  on  the  part  of  the 
mediastinum,  so  that  the  cavity  cannot  be 
collapsed. 

Relative  to  the  differential  diagnosis  of 
pulmonary  tuberculosis,  Fleischner  of  Vienna 
spoke  of  clinical  pictures  of  hematogenous 
origin  which  simulate  acute  miliary  tuber- 
culosis, but  which  from  their  more  favorable 
course  bear  a  resemblance  to  ordinary  chronic 
phthisis,  in  which  the  assumption  that  the 
inoculation  of  the  blood-stream  almost  always 
leads  to  this  fatally  ending  condition  does 
not  applv.  These  are  the  so-called  secondary 
or  early  forms.  The  recognition  of  these  forms 
IS  possible  by  the  roentgenograms,  and  their 
differentiation  from  the  plates  of  the  tertiary 
stage  is  important. 

Altschul  of  Prague  discussed  the  roent- 
genologic and  clinical  aspects  of  primary 
tuberculosis.  The  primary  complex  of  Ghon, 
occasioned  by  aerogenic  infection,  occurs  in 
children  and  adults.  Old  as  well  as  fresh  primary 
foci  are  demonstrable  by  roentgenoscopy  and 
roentgenography.  Lymph-node  changes  de- 
pending on  the  location  of  the  primary  foci 
are,  in  many  cases,  to  be  traced  as  far  as  the 
paratracheal  nodes.  Altschul  shows  the  dif- 
ferent sites  of  the  primary  affection  in  the 
lungs,  which  may  lie  in  the  infraclavicular 
region  and  leave  the  apices  free;  oltener  one 


finds  several  primary  foci,  even  infiltrations 
and  cavities.  The  clinical  course  of  such  cases 
was  for  the  most  part  malign. 

Peltason  of  Wurzburg  employs  for  the  com- 
pression of  the  pulmonary  apices  for  fluoros- 
copy and  filming  a  spoon  of  soft  wood, 
fashioned  to  fit  the  supraclavicular  fossa,  and 
with  its  border  inlaid  with  a  fine  wire.  Confusion 
of  pathologic  apical  shadows  with  shadows  of 
the  soft  parts,  struma,  etc.,  can  thus  be  avoided. 
The  plates  of  apices  demonstrated  showed 
perceptible  increased  illumination  of  the  com- 
pressed field.  Reimann  of  Berlin  obtains  the 
same  result  in  another  way,  namely  with 
Prick's  instrument,  a  sort  of  forceps  that 
presses  upon  the  clavicular  origins  of  the 
sternocleido  muscles. 

Kaeding  of  Bonn  has  observed  anomalies  of 
calcification  in  the  anterior  portion  of  the  ribs 
in  cases  of  pulmonary  tuberculosis,  and  com- 
pares the  unilateral  decalcification  with 
Sudeck's  atrophy.  In  the  discussion  the 
suspicion  was  raised  that  this  was  an  artefact 
due  to  the  technique. 

In  the  discussion  on  the  theme  of  pulmonary 
tuberculosis,  Romberg  of  Munich  emphasized 
the  value  of  the  analytic  anatomic  diagnosis; 
he  contradicted  the  opinion  often  heard,  that 
the  pulmonary  processes  are  too  complex  to 
allow  such  differentiations.  The  classification 
into  exudative  and  proliferative  or  productive 
and  cirrhotic  forms  is  to  be  preserved,  with 
separation  of  the  hematogenous  disseminated 
exudative  and  disseminated  proliferative  forms. 
The  differential  diagnosis  of  pulmonary  tuber- 
culosis is  absolutely  necessary  for  surgical 
intervention  and  for  roentgen  radiation,  as 
well  as  for  tuberculin  treatment.  He  empha- 
sized the  value  of  making  plates  of  the  apices 
and  warns  not  to  diagnose  tuberculosis  where 
there  is  nothing  more  than  stasis  or  broncho- 
pneumonia. 

Haudeck  of  Vienna  noted  the  often  unfavor- 
able prognosis  of  cases  limited  to  one  lobe; 
and  von  Dehn  of  Petrograd  spoke  of  the  diffi- 
culty of  differential  diagnosis  between  exuda- 
tive    tuberculosis,     grippe     and     pneumonia. 

The  roentgenologic  aspect  of  the  dissemina- 
tion of  pneumokoniosis  of  miners  has  been 
studied  by  Bohme  of  Bochum.  He  sho\vs  that 
in  the  first  decade  of  work  in  the  mines  no 
changes  appear  in  the  lungs;  in  the  second,  only 
exceptionally;  but  in  the  third  decade  they 
were  found  in  40  per  cent  of  the  cases.  Most 
of  them  were  light  forms.  The  development 
of  the  disease  seems  also  to  depend  upon  the 
kind  of  coal  and  mineral  mined. 

Saupe  of  Dresden  has  made  systematic 
investigations  of  the  pulmonary  disease  of 
miners  in  Schneeberg  in  Fizgebirge,  where  for 
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several  centuries  has  been  recognized  tiic 
"miners'  disease  of  the  Erzbergers,"  whicli  in 
1879  was  designated  pulmonary  cancer.  Bis- 
muth, arsenic  and  cobalt  are  mined  there.  The 
principal  symptoms  of  the  disease  are  dyspnea 
and  i:)ronchitis.  The  roentgenologic  findings 
in  particular  are  disseminated  small  opacities, 
stellate  and  honeycombed.  Pneumokoniosis 
doubtless  prepares  the  ground  for  carcinoma, 
for  of  143  miners  examined,  4  had  tuberculosis, 
17  had  pneumokoniosis  (the  differentiation 
from  tuberculosis  was  often  difficult),  and  in  7 
there  was  tumor  or  suspicion  of  tumor  (twice  a 
carcinoma  of  a  lobe  and  five  times  an  isolated 
tumor  the  size  of  a  fist).  Four  autopsies  con- 
firmed the  diagnosis  of  carcinoma.  A  definite 
form  of  carcinoma  characteristic  for  the 
Schneeberg  cases  was  not  found.  Thus  there  is 
a  prevalence  of  pulmonary  carcinoma  in  a 
definite  occupational  group,  which  is  perhaps 
predisposed  to  by  pneumokoniosis,  while  tuber- 
culosis plays  a  slight  role.  Investigations  upon 
the  etiology  are  in  progress. 

Lorey  of  Hamburg  exhibited  roentgenograms 
of  pulmonary  tumors.  Most  of  them  were  of 
primary  carcinoma.  They  are  not  as  rare  as  was 
formerly  believed  and  are  often  recognizable 
to  the  practiced  eye.  The  solid  tumor-like 
growths  are  the  most  frequent,  and  consist 
almost  always  of  epithelium  from  the  main 
bronchi;  accordingly  they  begin  with  the 
picture  of  a  hilus  tumor.  In  their  further  course 
they  infiltrate  one  or  more  lobes  and  can  cause 
difficulty  in  differentiation  from  tuberculosis 
and  aneurism.  Lymphangitic  carcinosis  is  rare: 
the  thickened  hilus  region  fades  out  periph- 
erally in  smaller  and  smaller  flecks.  The 
third  form,  miliary  carcinosis,  Lorey  has  seen 
once;  it  is  not  to  be  distinguished  from  the 
picture  of  acute  miliary  tuberculosis. 

Lange  of  Munich  showed  roentgen  plates 
of  tuberculous  disease  of  the  vertebrae,  with 
intrathoracic  burrowing  abscesses  unmarked  by 
significant   clinical   findings. 

Kraft  of  Vienna  showed  a  unique  case  in 
which  the  roentgenogram  suggested  echino- 
coccus  or  tumor  of  the  lung,  but  which  on 
autopsy  showed  only  a  small  pulmonary 
embolus,  so  that  the  plate  was  to  be  explained 
only  by  an  infarct  following  embolism. 

Maskamp  of  IZrlangen  has  obser\ed  striped 
thick-walled  shadowy  structures  in  the  lungs 
of  women  who  ha\'e  been  treated  frequently 
with  roentgen  rays  for  mammary  carcinoma; 
he  regards  the  cause  as  former  disease  of  the 
lungs.  Haudeck  of  Vienna  has  seen  the  like; 
but  he  regards  it  as  an  indication  of  carcinoma 
tissue  that  the  radiation  has  repressed. 

Especial  interest  \\as  aroused  by  the  cine- 
matographic pictures  of  the  heart,  by  Grodel 


of  Frankfurt-on-Main.  Ten  to  sixteen  exposures 
per  second  were  made;  a  cardiogram  synchron- 
ous with  the  film  checked  the  analysis  of  the 
separate  phases  of  action. 

Hermann  of  Subotica  spoke  on  unilateral 
hilus  pulsation.  In  many  people,  even  when 
the  heart  is  sound,  fluoroscopy  with  a  con- 
tracted diaphragm  shows  a  left-sided  hilus 
pulsation.  This  phenomenon  is  very  often 
demonstrable,  especially  easy  to  see  when  the 
lymph-nodes  are  shrunken  or  calcified.  The 
nodes  and  the  hilus  structures  then  show  a 
movement  synchronous  with  that  of  the  heart, 
principally  horizontal,  seldom  obliquely  up- 
ward. The  patients  have  either  slight  complaints 
or  none.  The  pulsation  appears  principally 
to  the  left,  but  is  often  present  to  the  right. 
It  is  of  significance  that  an  anorganic  systolic 
murmur  is  demonstrable,  synchronous  with 
the  roentgenologically  demonstrated  hilus 
pulsation.  Hermann  believes  that  there  is  a 
genetic  relation  between  the  two,  which, 
however,  is  to  be  worked  out  only  by  extensive 
pathologic-anatomic,  roentgenologic  and  clini- 
cal investigations. 

The  communications  on  diseases  of  the 
stomach  began  with  a  roentgenologic  and 
anatomic  contribution  to  the  knowledge  of 
gastroptosis,  by  von  Dehn  of  Petrograd,  who 
observed  that  motor  manifestations  of  irrita- 
bility of  the  ptosed  stomach  often  disappear  on 
manual  reposition.  He  attributes  the  manifesta- 
tion to  vagus  irritation  by  dragging.  Since 
he  has  been  able  to  demonstrate  plentiful 
smooth  muscle  fibers  in  the  suspensory  bands 
of  the  stomach,  he  regards  the  bands  as  capable 
of  active  contraction.  Atony  of  the  muscular 
elements  in  the  suspensory  bands  can  lead  to 
a  functional  gastroptosis,  which  can  lead  to 
vagus  disturbances. 

Levy-Dorn  has  observed  paradoxical  gastric 
and  intestinal  function.  He  found  the  most 
diverse  forms  in  one  patient  at  four  examina- 
tions at  long  internals:  at  one  time  marked 
ptosis  with  ulcer  symptoms,  then  the  caudal 
pole  at  the  level  of  the  iliac  crests  and  step-like 
indentations  of  the  corpus  ventriculi;  several 
weeks  later,  marked  cascade  stomach  with 
four-hour  retention.  On  section,  no  pathology 
of  the  stomach  was  found,  but  there  were  old 
typhoid  scars  in  the  ileum.  The  condition,  as 
had  already  been  diagnosed,  was  a  reflex 
neurosis.  Careful  interpretation  of  the  roentgen 
findings  is  especially  necessary  in  sick  and  frail 
people,  for  the  organs  are  unduly  susceptible 
to  external  influences.  In  such  a  patient  the 
stomach  was  nearly  full  after  four  hours;  a 
pyloric  stenosis  was  diagnosed,  which  section 
failed  to  confirm. 

Ricdcr  of  Munich   discussed   the  anatomic 
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and  roentgenologic  differentiation  between 
jejunum  and  ileum.  The  jejunal  loops  run  more 
horizontally  and  show  great  numbers  of 
Kerkring's  folds;  the  ideal  loops  run  more 
verticallj',  and  show  filling  of  adjacent  loops, 
and  a  band-like  form  of  the  loops.  Rieder 
demonstrated  a  small  sterilizable  cassette,  with 
which  he  is  able  to  identify  a  loop  of  intestine 
delivered  through  an  operative  wound.  ^ 

Dcssecker  of  Frankfurt-on-Main  reported 
an  epidiaphragmatic  diverticulum  the  size  of 
a  small  apple,  40  cm.  from  the  teeth.  The  opera- 
tion is  dangerous,  but  without  operation  the 
prognosis  is  absolute. 

In  the  discussion  Haudeck  of  Vienna  spoke 
critically  on  the  diagnosis  of  ptosis,  and  warned 
against  confusing  spastic  hour-glass  with 
typical  ptosis  shadows.  In  order  not  to  lead  the 
clinician  away  from  other  diagnoses,  he  does 
not  make  a  diagnosis  of  atony  on  roentgen 
findings.  Schreiber  is  of  the  opinion  that  clinical 
and  roentgenologic  findings  can  speak  for 
ulcer,  when  the  condition  is  only  spastic  gastro- 
ptosis.  The  complaint  is  readily  explained  by 
raising  the  stomach  in  front  of  the  screen;  when 
the  stomach  is  raised,  the  pain  disappears. 
Weinstein  of  Berlin  described  a  frequent 
anomaly  of  the  descending  part  of  the  duo- 
denum: course  bent  over  to  the  right.  Adhe- 
sions have  been  shown  to  be  the  cause. 

Kohler  of  Wiesbaden  exhibited  plates  show- 
ing calcification  of  the  radial  and  ulnar  arteries 
of   a  nine-months-old  child  with  Mongolism. 

The  roentgen  diagnosis  of  the  gall-bladder 
was  discussed  with  lively  interest.  Teschendorf 
of  Konigsberg  recommends  the  inflation  of  the 
duodenum  through  the  duodenal  sound  intro- 
duced through  the  nose,  until  the  patient 
feels  distended;  simultaneously  administering 
a  thick  suspension  of  barium.  Ulcer  must  be 
excluded  beforehand.  The  inflation  of  the 
transverse  colon  with  air  he  found  of  no  aid, 
as  in  only  a  certain  number  of  cases  does  it 
lie  at  the  border  of  the  liver. 

Haenisch  of  Hamburg,  encouraged  by  the 
American  literature,  has  renewed  his  efforts 
on  the  roentgen  diagnosis  of  gall-stones  and 
the  pathological  gall-bladder.  The  technique  is 
very  exact  and  requires  the  making  of  many 
exposures,  as  well  as  experience  and  training 
of  the  eye.  The  procedure  deserves  further 
adoption,  for  when  it  is  rightlv  employed  it 
shows  results  worthy  of  notice.  The  demonstra- 

1  A  less  roundabout  method  of  identifying  portions  of  the 
intestine  has  long  been  available  to  American  surgeons  through 
the  work  of  G.  H.  Monks  of  Boston,  who  has  shown  that  the 
mesentery  of  the  upper  jejunum  is  translucent  and  contains  a 
more  simple  system  of  blood-vessels  supplying  the  gut;  while  in 
the  lower  ileum  the  mesentery  is  opaque  from  an  increased 
amount  of  fat,  and  the  vascular  system  is  more  complicated, 
the  arteries  breaking  up  into  secondary  and  even  tertiary  loops 
before  they  reach  the  gut-wall.  (See  Monks'  "Intestinal  Localiza- 
tion," J.  Am.  M.  Assn..  1909,  lii.  1079:  also  .Ann.  Surg.,  Oct., 
1903,  and  Oct.,  1905.) 


tion  of  the  pathologic  gall-bladder  is  especially 
to  be  sought.  Exposures  with  and  witliout 
inflation  of  the  colon  give  direct  indications, 
examination  with  the  Rieder  meal  give  indi- 
rect. Instructive  prints  were  shown,  with 
unmistakable  enlarged  gall-bladder  shadows, 
in  which  in  some  cases  cholesterin  gall-stones 
were  indicated  by  spots  of  decreased  density, 
and  were  later  confirmed  by  operation. 

Eisler  of  Vienna  spoke  upon  the  finding  of 
transitory  filling  of  the  cap,  which  he  regards 
as  significant  for  the  recognition  of  gall-bladder 
adhesions  and  changes  in  the  duodenal  wall. 

Martins  of  Bonn  described  a  simple  method 
of  measuring  the  pelvis.  The  patient  is  seated 
upon  the  table,  with  the  upper  body  bent  back- 
ward, so  that  the  plane  of  the  pelvic  inlet  lies 
parallel  to  the  plate.  The  tube  is  centered  over 
the  middle  of  the  pelvic  inlet  60  cm.  from  the 
plate.  The  magnification  varies  with  the 
distance  of  the  symphysis  from  the  plate;  this 
is  between  10  and  14  cm.  The  magnification  is 
easily  determined  by  a  fenestrated  rule 
(Driiner).  One  obtains  not  only  the  true  con- 
jugate, but  also  a  true  picture  of  the  pelvic 
inlet.  The  method  can  be  used  with  any 
sufTiciently  powerful  machine  without  requiring 
expensive  accessories;  it  is  applicable  even  at 
the  end  of  pregnancy. 

Grashey  of  Munich  demonstrated  as  an 
unusual  roentgen  finding  a  marked  calcifica- 
tion of  the  Achilles  tendon.  He  also  reported  a 
case  in  which  a  duck  bone  had  been  swallowed; 
the  bone  cast  no  shadow  on  a  thorax  plate. 
At  autopsy  the  bone  was  found.  It  \\as  rayed 
and  cast  only  a  faint  shadow.  This  experience 
has  made  him  cautious  in  drawing  conclusions 
from  negative  findings  in  cases  of  suspected 
foreign  body. 

The  luxation  of  the  whole  half  of  the  pelvis 
in  a  ten-year-old  girl  who  had  been  run  over 
and  dragged  by  an  automobile  was  demon- 
strated by  Levy-Dorn  of  Berlin.  Haenisch  of 
Hamburg  mentioned  a  similar  case  which  went 
for  three  months  without  diagnosis  and  was 
regarded  as  hysteria. 

Levy-Dorn  has  demonstrated  trichinosis  in 
situ  in  the  muscle  of  living  patients.  In  a  case 
which  was  confirmed  by  microscopic  examina- 
tion, there  was  slight  granulation  of  the  shadow 
of  the  muscle  of  the  upper  arm. 

Seyerlein  of  Wurzburg  has  studied  the  trau- 
matic epiphyseal  separations  and  their  sequelae. 
The  end-results  of  these  not  so  uncommon 
fractures  may  be:  (i)  recovery  (2)  shortening 
of  the  whole  member  (3)  partial  disturbance 
of  growth:  in  bilateral  injury,  shortening  of 
the  one  and  bowing  of  the  other;  in  unilateral 
injury,  angulation  of  the  joint,  when  the  sepa- 
ration involves  only  a  part  of  the  epiphyseal 
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line  (4)  derorniit\'  ul  the  joint  of  tiie  hip, 
e.  g.,  coxa  vara,  coxa  valga  (5)  arthritis 
deformans  (6)  ankylosis. 

Vogt  of  Tubingen  demonstrated  numerous 
roentgen  plates  of  malformations  (the  exami- 
nation has  the  great  advantage  that  the 
specimen  is  not  destroyed):  Thoracopagus, 
prosthoracopagus,  cephalothoracopagus,  chon- 
drodystrophy, acephalus,  accphalus  with  inclu- 
sion, micromelia,  malformations  of  the 
extremities. 

Lorey  of  Hamburg  showed  a  case  illustrating 
the  disappearance  of  the  niche  shadow.  A 
walnut-sized  convexity  was  found  on  the 
lesser  curvature;  but  after  eight  weeks  of 
ulcer  diet  the  niche  had  disappeared.  Thus  it 
could  not  have  been  a  penetrating  ulcer  with 
walls  thickened  by  connective  tissue.  The  ulcer 
must  have  penetrated  the  mucous  membrane 
and  the  mucosa,  so  that  the  intragastric 
pressure  bulged  out  the  serosa.  These  pulsion- 
niches,  in  contradistinction  to  the  penetrating 
niches,  are  healable.  The  contour  of  the 
pulsion-niche,  unlike  that  of  the  penetrating 
niche,  is  quite  smooth;  also,  it  has  no  gas- 
bubble.  Haudek  of  Vienna  believes  that  in  such 
cases  apparent  healing  occurs;  according  to  his 
experience  the  niche  returns  when  the  spasm 
returns.  Lorey  had  in  addition  a  case  of 
periarthritis  coxae,  analogous  to  the  peri- 
arthritis humero-scapularis  described  by  Haen- 
isch,  with  bean-sized  calcification  above  the 
neck  of  the  femur.  A  further  case  of  Lorey 's  was 
of  congenital  syphilis  in  a  child  eight  months 
old  with  a  negative  Wassermann;  the  plate 
showed  luetic  periostitis  ossificans  involving 
both  femora  and  humeri.  Antisyphilitic  treat- 
ment was  begun  and  during  this  treatment  a 
control  plate  showed,  two  months  later,  typical 
osteochondritis  luica  on  the  distal  ends  of  the 
forearm  and  the  leg.  Furthermore  Lorey  has 
observed  spontaneous  healing  of  osteitis  tuber- 
culosa multiplex  in  a  child,  and  that  without 
treatment  and  under  not  exactly  favorable 
hygienic  conditions.  Lorey  questions,  there- 
fore, the  significance  of  such  therapeutic 
measures  as  tuberculin,  etc. 

On  the  second  day  of  the  Congress,  roentgen 
therapy  was  discussed.  Dc  la  Camp  of  Freiburg 
opened  with  a  communication  on  roentgen 
therap>-  of  phthisis.  He  holds  that  the  therapy 
oi  |)ulm()nary  tuberculosis  is  furthered: 

1.  By  recognition  ol'  the  diverse  forms  of  its 
origin. 

2.  By  knowledge  of  immuno-biological 
matters. 

3.  By  constitutional  consKJcrations. 
Clinical  experience  and  animal  ex|)crimenta- 

tion  show  that  healing  ck'|3cnds  upon  the 
natural     rcsistanci'     ol     the     bocK  ;     roentgen 


therapy  must  keep  this  in  \w\\.  Since  breaking 
down  of  the  lung  tissue  is  dangerous  and  leads 
to  cavity  formation,  radiation  is  suitable  only 
for  non-progressive  cases,  or  cases  of  nodose 
phthisis  with  contraction  of  the  lung,  which 
incline  toward  latencj-.  With  these  limitations, 
roentgen  therapy  is  not  superfluous;  in  no  other 
way,  except  by  immuno-biological  measures, 
can  a  dosable  energy  be  applied  to  the  disease 
focus.  As  regards  dosage,  ^L  Fraenkel's  dictum 
is  to  be  kept  in  mind,  that  a  pathologic  cell- 
complex  has  its  own  modus  of  reaction. 
An  attempt  to  designate  a  uniform  dose  is  to  be 
warned  against.  Each  case  must  have  a  mild, 
stimulating  dose,  not  a  destructive  dose.  When 
one  has  dosed  too  heavily,  the  temperature 
goes  up  and  the  weight  goes  down.  The  results 
of  application  of  a  roentgen  dose  to  the  spleen 
are  little  understood,  since  we  know  not 
a  thing  about  the  function  of  the  normal  spleen. 
Therefore  our  knowledge  of  the  results  of 
radiation  of  the  spleen  is  based  upon  hypothesis 
and  empiricism.  The  bearing  of  this  is  that  in 
radiation  of  the  lungs,  we  also  radiate  the  spleen 
and  the  blood.  Radiation  of  the  spleen  in  case 
of  phthisic  hemoptysis  is  usually  contra- 
indicated  because  of  difficulty  in  transporta- 
tion of  the  patient  and  the  brief  duration  of 
the  effect.  Small  cavities  are  no  contraindica- 
tion; but  roentgen  therapy  after  artificial 
pneumothorax  is  contraindicated  because  it 
may  bring  about  an  exudative  pleuritis.  Also, 
the  employment  of  roentgen  therapy  together 
with  tuberculin  is  generally  contraindicated 
because  of  the  simultaneous  effects.  Yet  this 
holds  promise  for  the  future,  in  analogy  with 
the  synergistic  action  of  drugs.  As  for  technique, 
a  symmetrical  generalized  radiation  is  sought. 
The  essayist  gives  live  fields  anteriorly  and  five 
posteriorly,  each  10  X  10  to  15  cm.,  with  a 
skin-focus  distance  of  30  cm.  and  a  filter  of  i 
mm.  of  copper.  The  dose  is  1 10  of  a  single  skin 
dose,  or  10  to  14  "e"  by  Friedrich's  scale; 
increasing  to  a  maximum  of  ^  5  of  a  single  skin 
dose;  i  to  2  fields  a  week.  If  this  disturbs  the 
well-being  of  the  patient,  the  dose  is  reduced 
and  the  intervals  lengthened.  The  series  may 
be  repeated  in  two  to  three  months.  Radiation 
of  ambulant  cases  is  strongly  ad\ised  against, 
but  the  delegates  were  in\ited  to  contribute 
to  this  subject,  for  further  foundation  for  the 
knowledge  of  the  subject  is  much  needed. 
In  the  discussion,  Bacmeister  of  St.  Blasien 
showed  numerous  plates  of  chests  before  and 
after  treatment  by  radiation,  with  marked 
ellect  in  some  cases.  Even  great  cavities  con- 
tract in  a  short  time.  Kastle  of  Munich  ob- 
served that  cavities  can  often  be  surrounded 
by  a  circle  of  granulation  tissue.  Fever-free 
patients    without    cavities    and    with    not    too 
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extensi\c,  productive  lesions  can  be  submitted 
to  ambulant  radiant  treatment,  in  his  opinion. 
Bucky  of  Berlin  has  radiated  the  exudative 
forms  in  children,  with  beautiful  results;  and 
children  without  tuberculosis  but  suffering 
from  severe  general  asthenia,  were  made  con- 
siderably better  by  the  treatment.  Hessmann 
ot  Berlin  has  had  similar  good  results  with 
children;  he  uses  I5  to  }^  of  the  single  skin 
dose,  at  a  skin-focus  distance  of  35  cm.,  filter- 
ing through  8  to  10  mm.  of  aluminum.  Caspari 
of  Frankfurt-on-Main  has  had  interesting 
results  from  experiments  on  mice.  The  radiated 
mice  lived  longer,  but  had  more  extensive 
tuberculosis  than  the  controls.  In  closing,  de  la 
Camp  warned  again  against  radiating  the 
exudative  forms  even  in  children. 

Great  interest  was  roused  by  the  contribution 
of  Holzknecht  of  Vienna,  on  "How  do  the  roent- 
gen rays  produce  their  effect?"  and  the  dis- 
cussion which  followed.  Holzknecht  stated  that 
our  knowledge  of  the  working  of  the  roentgen 
rays  is  slight  at  most,  but  that  a  comprehension 
of  the  associated  effects  is  necessary,  in  order 
not  to  be  led  again  along  false  ways:  as  for 
example,  the  teachings  as  to  carcinoma  and 
sarcoma  dosage,  which  are  false.  The  uni- 
formity of  effect,  which  most  remedies  show, 
is  due  to  a  uniform  mechanism  and  will  lead  to 
a  uniform  explanation  of  the  roentgen  effect. 
The  intensive  deep  therapy  gives  the  impres- 
sion of  an  overestimated  idea.  One  finds 
individualization  everywhere  in  the  pharma- 
copeia; shall  the  mere  amount  of  the  remedy 
explain  only  roentgen  therapy?  When  one 
understands  the  subject  of  paralyzing  doses 
and  stimulating  doses,  one  recognizes,  since 
he  is  radiating  normal  and  pathologic  tissue, 
that  he  produces  four  different  effects.  The 
Arndt-Schulz  law^  cannot  be  considered  to 
apply  to  roentgen  therapy.  Holzknecht  departs 
from  the  idea  of  the  stimulant  effect  of  radia- 
tion; the  supposed  stimulant  effect  is  explained 
on  other  grounds. 

Pordes  of  Vienna  sought  to  answer  experi- 
mentally the  question:  Is  the  conception  of  a 
functional-  or  growth-stimulation  necessary 
for  explanation  of  the  effect  of  the  roentgen 
ray?  He  comes  to  the  conclusion  that  the 
growth-stimulus  of  radiated  plant  seeds  is  only 
an  apparent  one,  for  later  there  is  a  retardation 
of  development   of  the   radiated   plants.   The 

'  An  account  of  the  Amdt-Schulz  law  is  given  {Miinchen. 
med.  Wchnsttir.,  1922.  Ixix.  920)  by  Prof.  K.  Supfle.  from  which 
it  appears  that  in  1883  Rudolf  Gottfried  Arndt,  a  psychiatrist 
of  Griefswald,  made  the  following  statement  in  his  "Lehrbuch  der 
Psychiatrie";  "Weak  stimuli  kindle  vital  processes,  medium 
accelerate  them,  strong  inhibit  them,  and  very  strong  destroy 
them."  In  1887  Hugo  Schulz.  a  pharmacoloKJst.  also  of  Griefs- 
wald but  apparently  working  independently  of  Arndt,  published 
similar  conclusions  in  his  work  "Zur  Lehre  von  der  Arzneiwir- 
kung."  In  1892  Arndt  brought  out  a  monograph  entitled  "Biol- 
ogische  Studien:  I.  Das  Biologische  Grundgesetz"  in  which 
Schulz's  conclusions  are  incorporated. 


radiation  effect  hitherto  known  as  the  stimu- 
lation effect  is  now  understandable  as  a  simple 
depression  of  function.  Experimentally  pro- 
duced growth-stimulus  thus  represents  dam- 
age; the  Arndt-Schulz  law  is  not  applicable 
generally. 

Miihlmann  of  Stettin  furnished  a  clinical 
contribution  on  stimulant  roentgen  radiation. 
In  severe  secondary  and  pernicious  anemias, 
radiation  of  the  bone-marrow  had  a  good 
effect  in  the  greater  part  of  the  cases;  the 
result  shows  in  eight  to  ten  days.  In  3  cases 
treated  clinically  without  result,  roentgen 
radiation  produced  improvement;  18  per  cent 
of  the  erythema  dose  was  given.  Good  results 
followed  mild  radiation  in  nephritis  with 
anuria;  also  in  a  case  of  nephrosis,  diuresis 
appeared  several  hours  after  radiation. 

Zweifel  of  Munich  regards  radiation  of  the 
spleen  as  indicated  when  medical  treatment 
does  not  relieve  uterine  hemorrhages,  on  a 
chlorotic  basis;  in  40  per  cent  of  his  cases  he 
obtained  benefit. 

Czepa  of  Vienna,  speaking  for  Schwarz  of 
Vienna,  reported  on  a  distinction  that  appar- 
ently follows  a  law,  between  benign  and 
malignant  growth  in  respect  to  its  behavior 
toward  roentgen  rays.  Benign  tissue,  for 
example,  the  hair  papillae,  responds  to  the  same 
degree  to  equal  or  diminishing  doses;  but  malig- 
nant tissue  decreases  in  sensitivity  to  the  ray, 
and  becomes  roentgen-fast; thus  recidive tumors 
develop  from  less  marked  residual  tumors. 
Czepa  has  radiated  the  fingernails  in  an 
attempt  to  get  a  stimulant  effect,  and  in 
13  cases  has  gotten  the  most  diverse  results, 
and  regards  this  method  as  unsuitable  for 
demonstration  of  the  stimulant  effect.  In  the 
further  discussion,  Vogt  of  Tubingen  reported 
no  dependable  results  in  the  constitutional 
hemorrhages  of  young  girls  nor  in  inoperable 
carcinoma,  from  radiation  of  the  spleen.  Opitz 
of  Freiburg  believes  that  the  stimulant  effect 
has  not  yet  been  obser^•ed  in  radiation  of 
carcinoma;  the  stimulant-radiation  of  the 
ovaries  produced  the  desired  results  in  only 
a  small  proportion  of  cases;  the  problem,  he 
believes,  is  very  complicated.  Holfelder  of 
Frankfurt-on-Main  recommended  that  all  clini- 
cal and  experimental  observations  be  registered 
and  that  meanwhile,  the  expression  "stimula- 
tion" (Reiz)  be  dispensed  with.  Haudeck  of 
Vienna  concurs  that  the  Arndt-Schulz  law 
does  not  apply  to  cellular  processes.  Wintz  of 
Erlangen  has  observed  that  lighter  doses  dimin- 
ish the  sensitivitj'  of  sarcoma  to  radiation. 
The  cases  of  stimulation  must  be  collected; 
exact  dosimetry  is  necessary  for  settling  the 
subject.  Christoph  Miiller  of  Munich  explains 
the    stimulant    effect    used    as   an  argument 
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against  radiation,  as  due  to  damage  to  tiie 
already  caciiectic  organism;  Volhard  of  Halle, 
by  the  conception  of  an  indirect  growth- 
stimulus  by  injury  to  the  surrounding  cellular 
tissue.  Voltz  of  Munich  sees  in  the  Arndt- 
Schulz  law  a  very  useful  working  hypothesis. 
Happel  of  Franklurt-on-Main  sees  the  roentgen 
effect  as  explained  by  Dessauer's  "  Punktwarme" 
theor}'.  Von  Seufert  of  Munich  regards  an 
insufficiencj'  of  the  surrounding  tissue  as  the 
cause  of  radiated  carcmoma  "running  wild." 
Nurnberger  of  Hamburg  found  no  evidence  of 
actinodynamic  change  in  the  uterine  mucous 
membrane  of  patients  in  whom  the  spleen  had 
been  radiated.  In  closing,  Holzknecht  empiia- 
sized  that  the  physical  and  biologic  aspects 
of  the  problem  should  not  be  divorced.  The 
conception  of  a  stimulant-effect  has  not  been 
confirmed  as  a  scientific  fact. 

Theilhaber  of  Munich  recommended,  in  his 
address  on  the  electromagnetic  waves  and 
immunity,  that  multiple  forms  of  this  energy 
be  combined  (roentgen  rays,  diathermy, 
ultraviolet  rays,  etc.). 

Strauss  of  Berlin  has  studied  the  influence  of 
the  roentgen  rays  on  endocellular  and  metabolic 
processes.  The  literature  on  the  effect  of 
roentgen  rays  on  cholesterin  metabolism  is 
wrong.  The  false  conclusions  result  from  a  lack 
of  method  in  experiment.  He  finds  that  the 
roentgen  rays  have  a  great  effect  on  the  choles- 
terin content  of  the  blood.  The  "roentgen 
sickness"  he  regards  as  arising  from  the  same 
cause.  The  radiation  affects  the  hydrogen-ion 
concentration,  as  is  demonstrable  by  the 
electrolytic  method. 

Sielmann  of  Munich  spoke  on  roentgen 
therapy  in  Basedow's  disease.  Of  500  cases 
treated  in  the  last  ten  years,  he  has  followed 
up  328  within  the  last  few  weeks  and  found  50 
per  cent  completely  free  from  complaint  and  44 
per  cent  impro\ed,  while  the  surgical  statistics 
show  only  54  per  cent  of  cases  cured.  The  lesser 
danger  speaks  in  favor  of  roentgen  therapy,  for 
the  operation  has  5  per  cent  mortality  and 
can  lead  to  paralysis  of  the  recurrent  laryngeal 
nerve  and  tetany.  The  essayist  always  radiates 
the  thymus  at  the  same  time,  and  gives  ^^  to 
3^  of  a  single  skin  dose  through  3  mm.  of 
aluminum.  It  is  of  special  significance  that 
cases  which  were  operated  upon  in  vain  were 
cured  follow  ing  radiation.  Therefore  one  should 
first  radiate,  and  operate  only  when  radiation 
has  failed.  Pordcs  of  Vienna  recommends  a 
mild  radiation  of  a  single  field  at  first,  to  deter- 
mine the  tolerance. 

According  to  Chaoul  of  Munich,  lynipho- 
granulomata  in  very  cachectic  patients  are 
to  be  treated  only  with  very  mild  radiation  at 
frequent  sittings,  so  as  not  to  flood  the  system 


with  catabolism  products.  Thus  he  gave  a 
very  sick  patient  37  treatments,  at  each  sitting 
only  10  per  cent  of  the  single  skin  dose.  His 
12  cases  so  treated  have  remained  free  from 
recidive  for  from  seven  months  to  three  years. 
Nemenow  of  Petrograd  added  that  the  recidive 
of  lymphogranuloma  occurs  usually  in  the  peri- 
toneal and  retroperitoneal  Ij'mph-nodes  and 
manifests  itself  at  first  only  by  temperature 
elevation  and  cachexia. 

Haenisch  of  Hamburg  presented  a  remark- 
able case  of  abnormally  large  lymphosarcoma, 
microscopically  confirmed,  which  extended 
over  the  neck  and  chest,  in  which  he  began 
radiation  with  only  two  fields,  single  skin  dose 
through  .5  mm.  of  zinc  and  3  mm.  of  aluminum, 
and  in  which,  despite  the  complete  regression 
of  the  tumors,  there  followed  a  severe  cachexia. 
He  does  not  recognize  any  standard  dose  for 
sarcoma  or  tuberculosis,  and  warns  against 
beginning  with  intensive  radiation,  especially 
w  ith  mediastinal  sarcoma,  and  advises  strongly 
that  a  test  radiation  can  be  made  on  a  few 
fields.  Holzknecht  recommends  the  most  cau- 
tious dosage  in  Basedow's  disease,  lympho- 
granuloma, and  leukemia. 


Hoffelder's  curve  of  intensity  of  ray  at  varying  depths. 

Holfelder  of  Frankfurt-on-Main  spoke  upon 
the  distribution  of  roentgen  dosage  in  the 
depths  of  the  body.  He  has  experimented 
on  the  variation  in  intensity  of  the  cone  of  the 
roentgen  rays  in  a  water-phantom.  The 
experiments  consisted  (i)  of  direct  observation 
and  photometry  of  a  zinc  sulphite  screen  illu- 
minated in  water,  and  (2)  of  50,000  measure- 
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nicnts  by  means  of  the  roentgen  dose  meter 
of  Siemens  and  Haiske.  The  great  agreement 
of  all  tiie  results  proves  an  ahnost  complete 
separation  of  the  scattered  radiation  from  the 
direct.  Especially  astonishing  and  of  practical 
significance  is  the  fact  that  the  intensity  of 
radiation  at  the  edges  of  the  cone  of  rays  falls 
off  very  suddenh*  to  a  negligible  minimum. 
The  cone  of  rays  is  sharply  preserved  even  in 
great  depths,  and  is  surrounded  by  only  a  very 
faint  and  practically  negligible  mantle  of 
scattered  radiation.  In  this  respect  the  results 
obtained  stand  in  abrupt  contradiction  of  the 
isodosage  curves  of  Dessauer  and  Vierheller, 
according  to  whom  the  intensity  of  a  cone  of 
roentgen  rays  is  diffused  on  all  sides.  That  the 
form  of  Dessauer's  isodosage  curves  does  not 
agree  with  the  facts  and  that  his  tables  give 
false  values,  any  roentgenologist  can  confirm 
by  placing  an  intensifying  screen  in  a  water- 
phantom  and  observing  the  cone  of  rays. 
The  sharpness  of  the  cone  gives  the  dependable 
foundation  for  the  flexible  dosage  system  which 
Holfelder  has  worked  out  with  the  principle 
of  selective  fields.  In  the  discussion  Voltz  of 
Munich  recommended  controls  of  the  measure- 
ments of  Dessauer  and  of  Holfelder,  which 
presented  such  a  great  discrepancy.  At  the 
instance  of  the  president,  a  commission  on 
roentgen  therapy  and  physics  was  appointed. 
Kiistner  of  Gottingen  spoke  on  the  question 
of  dosimetry.  The  purpose  of  measurement  is 
the  attainment  of  a  known  biologic  effect. 
Our  different  measuring  devices,  for  example 
even  the  leaf  electroscope,  satisfy  only  in  part 
the  demand  for  a  uniform  standard  of  measure- 
ment. They  react  differently  to  the  different 
wave-lengths  (degrees  of  hardness)  of  the 
roentgen  rays  (for  example,  photographic 
plates  and  ionization  chambers).  Large  and 
small  ionization  chambers  are  not  equally 
affected  by  different  wave-lengths.  Of  fore- 
most interest  today  is  the  question:  What  is 
the  sensitivity  of  tissues,  sound  and  diseased, 
to  roentgen  rays  of  different  wave-lengths? 
In  addition,  there  is  much  interest  attached  to 
the  measurement  of  the  true  energy  of  roentgen 
rays  of  different  wave-lengths.  The  question  is 
now:  Is  the  latter  problem  of  the  greater 
practical  importance,  or  can  the  first  be  solved 
without  the  aid  of  the  second?  The  answer  is 
of  importance  inasmuch  as  the  measurement 
of  the  energy  is  attended  by  great  difficulties. 
With  a  given  intensity  and  a  given  filter,  the 
mixture  of  rays  from  our  roentgen  tubes  is 
practically  constant.  It  can  be  analyzed  spec- 
troscopically  and  the  component  parts  meas- 
ured with  the  ionization  chamber.  We  know 
by  this  means,  what  ionization  each  w^ave- 
length  of  the  ray-mixture  produces.  We  now 


separate  from  the  ray-mixture  a  wave-length 
interval  as  narrowly  limited  as  possible,  prac- 
tically homogeneous,  and  thus  work  practically 
with  a  single  wave-length,  and  we  study  simul- 
taneouslj'  its  biological  effect  and  its  ionization 
effect,  and  follow  the  experiments  through  with 
various  wave-lengths;  but  we  use  the  same 
chamber  in  every  case,  and  indeed  the  same 
with  which  we  have  measured  the  ionization 
in  the  spectroscopic  apparatus.  In  this  way 
we  employ  the  ionization  chamber  to  deter- 
mine for  each  wave-length  of  the  mixture  of 
rays  a  biologic  effect  corresponding  to  its 
intensity.  We  then  know:  With  a  given  inten- 
sity and  a  given  filter  the  biologic  effect  is  this, 
with  another  intensitj-  and  another  filter  it  is 
that,  etc.  We  can  thus  determine  the  biologic 
effect  of  the  different  intensities  with  a  given 
filter  and  in  this  way  we  can  find  out  which 
mixture  of  rays  is  the  most  favorable  for  a 
given  case. 

We  thus  see  that  we  can  dispense  with  the 
energy  measurement,  that  with  a  suitably 
constructed  ionization  chamber  we  can  attain 
the  same  end,  if  we  only  employ  the  same  exam- 
ple for  the  spectroscopic  measurement  and  the 
monochromatic  biologic  measurements.  Kiist- 
ner seeks  the  construction  of  an  ionization 
chamber  which  is  of  constant  sensitivity  and 
j'ct  is  so  cheap  that  every  roentgen  therapeutist 
can  avail  himself  of  it.  Just  as  a  standard  meter 
is  provided  for  measurement  of  length,  so 
should  a  standard  model  be  provided  for 
measurement  of  the  strength  of  roentgen  rays. 
Then  it  will  be  possible  for  difierent  roentgen- 
ologic institutes  to  employ  the  same  dosage.  It 
was  decided  to  entrust  the  working-out  of  these 
problems  to  a  commission. 

Sielmann,  Jr.,  has  investigated  the  influence 
of  roentgen  rays  upon  metabolism,  and  its 
bearing  upon  the  therapy  of  roentgen  sickness. 
After  being  rayed,  dogs  excreted  more  NaCl 
than  was  fed  them.  Sielmann  regards  as  the 
cause  of  roentgen  sickness,  a  damage  to 
the  protein  metabolism  and  disturbance  of  the 
NaCl  equilibrium,  and  recommends  infusions 
of  NaCl,  which  he  found  beneficial  in  85  per 
cent  of  cases.  For  convenient  use  in  practice 
there  is  the  ready-to-use  preparation  "roent- 
genosan."  The  possibility  of  the  application  of 
roentgen  rays  in  cases  of  deficient  salt-excretion 
and  deficient  diuresis  was  mentioned. 

Holitsch  of  Pest  modifies  the  gynecologic 
deep  therapy  in  that  he  uses  the  tube  under 
the  table  with  the  patient  on  her  back.  This 
smoothes  out  the  skin  of  the  radiated  surface, 
and  furthermore  gives  a  compression  from  the 
body-weight,  with  an  approach  of  the  uterus 
toward  the  skin  surface  of  an  average  of  2  cm. 
in  comparison  with  the  ventral  position.  He  has 
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demonstrated  the  latter  by  eoniparative  frontal 
exposures  with  a  metal  pessary  in  the  uterus. 

Winter  of  Munich  spoke  on  his  experience 
with  the  roentgen  treatment  of  inoperable 
carcinoma  of  the  uterus.  He  cites  a  number  ol 
apparently  perfectly  well  women,  who  were 
radiated  two  to  live  years  before  because  of 
inopcraljie  carcinoma  of  the  uterus.  Of  197 
cervical  carcinomata,  50  per  cent  were  recidi\e- 
free  after  one  year,  24  per  cent  after  three 
years,  and  8  per  cent  after  five  years.  He 
recommends  that  every  carcinoma  of  the  uterus 
that  is  not  too  far  advanced  should  receive 
roentgen  treatment. 

Zweifel  of  Munich  has  had  good  results  w  itli 
the  radiation  of  operable  ovarian  carcmomata 
three  to  four  weeks  after  operation.  By  this 
combination  he  raised  the  percentage  of  cures 
to  50!  Also  in  cases  of  residual  carcmoma  after 
operation  in  inoperable  cases,  radiation  treat- 
ment offers  hope  of  results.  A  case  with  incom- 
plete operation  remained  well  for  eight  years, 
with  after-radiation  with  radium  and  roentgen 
rays. 

At  the  end  of  the  second  day  of  the  Congress 
a  popular-scientific  roentgen  film  was  shown 
which  was  made  at  the  instance  of  Doederlein 
in  the  Munich  Frauenklinik  under  the  scientific 
direction  of  Voltz.  The  animated  film  showed 
in  inipressi\'e,  instructive,  and  in  parts  amusmg 
pictures,  the  revolution  of  the  electrons  in  the 
Buhr  model  of  the  atom,  the  origin  and  the 
properties  of  roentgen  rays,  and  the  evolution  of 
roentgen  tubes  and  apparatus;  in  a  second  part 
will  be  shown  the  practical  application  of 
roentgen  rays  to  various  uses. 

The  third  day  of  the  Congress  was  devoted 
to  technique  and  physics. 

docker  of  Stuttgart  opened  with  a  paper  on 
the  application  of  roentgen  rays  to  chemical 
analysis.  The  absorption  bands  resultmg  from 
placing  a  substance  at  the  anticathode  permit 
of  qualitative  analysis.  A  new  application  is 
quantitati\e  determination  of  elements  in 
chemical  combination  in  solids  and  fluids, 
by  measurement  of  the  absorption-quality. 
Foreign  substances  in  the  mixture  do  not  alter 
the  result. 

Stumpl  "I  Munich  has  constructed  a  stereo- 
fluoroscopc,  using  a  diaphragm-box  with  two 
tubes  which  run  simultaneously.'  The  rays  are 
so  diaphragmed  that  one  tube  illuminates  only 
one-half  of  the  screen,  the  second  the  other 
half,  and  the  fields  of  rays  decussate  in  only  a 
small  middle  field.  This  construction  is  founded 
on  the  principle  that  one  sees  stereoscopically 
if  one  sees  only  a  small  part  of  an  object  binocu- 
larl\.     The    apparatus    allows    exact    depth- 

1  An  attempt  will  be  made  to  net  a  full  description  of  this 
apparatus  for  a  later  number  of  the  Journal. 


measurements. 

Klingelfuss  of  Basel  demonstrated  a  direct- 
reading  spectrometer  for  roentgen  rays.  The 
hardness  of  the  rays  is  read  off  in  terms  of  wave- 
lengths. The  sensitivity  of  the  instrument  is  as 
great  as  that  of  a  photometer  for  determining 
the  shortest  wave-lengths  in  a  band-spectrum. 

Schleussner  of  Frankfurt-on-Main  has  pro- 
duced a  new  exposuremeter  for  roentgen 
exposures,  the  "Neo-Diskus,"  which  takes  into 
account  the  sensitivity  of  plates,  double- 
coated  films,  roentgen  paper,  etc.,  and  should 
be  useful  for  beginners. 

Chaoul  of  Munich  exhibited  a  ray-con- 
denser for  small  fields.  It  consists  of  a  paraffin 
block  25  cm.  X  25  cm.  X  6  cm.,  with  a  central 
opening  6X8  cm.  The  intensity  of  the  rays 
through  the  condenser  was  increased  40  per 
cent  on  the  surface,  45  to  50  per  cent  in  the 
depths.  By  radiating  four  fields,  two  anteriorly 
and  two  posteriorly,  through  i  mm.  of  copper 
and  at  a  distance  of  30  cm.,  there  can  be 
delivered  in  the  center  of  the  abdomen  100  to 
1 1  o  per  cent  of  a  single  skin  dose. 

Heitz  of  Landau  has  substituted  for  the 
water-phantom  a  structure  of  paraffin-wax 
plates  of  the  same  absorption  coefficient  as 
water.  It  is  more  convenient  to  work  with  these 
plates  than  with  a  water-phantom.  They  are 
made  of  hard  paraffin  melting  at  60°,  with  20 
per  cent  of  wax  added.  Heitz  also  describes  a 
practical  method  of  insuring  filtering,  consisting 
in  double  hooks  and  also  colored  panes  in  the 
filter.  The  cable  has  a  loop  connecting  with  the 
hooks  and  cannot  be  connected  with  the  tube 
except  through  the  hooks. 

Kraft  of  Dresden  exhibited  a  photographic 
roentgen  paper  as  a  desirable  substitute  for 
films  in  the  need  of  the  time. 

Cramer  of  Frankfurt-on-Main  has  had  good 
results  with  sensitized  "Neo- Papier"  and 
recommends  this  paper  above  all  for  control 
exposures  and  for  exposures  of  children. 

Alfter  and  Gotthard  of  Munich  spoke  on 
spectrographic  and  iontoquantimetric  measure- 
ments on  roentgen  apparatus.  Kriser  of  Vienna 
has  constructed  an  apparatus  which  by  the 
use  of  an  indicator  which  points  out  the  central 
ray,  allows  radiation  of  the  hypophysis  with 
certainty.  One  may  thus  cover  very  small 
skin-fields;  it  is  especially  important,  that  one 
can  easil\  radiate  the  hypophysis  through 
infraorbital  fields.  He  has  also  devised  a  lead 
capsule  for  the  protection  of  one  testicle  while 
the  other  is  being  radiated.  In  the  radiation  of 
one  ovary  in  fat  women,  to  protect  the  other 
o\ary  from  scattered  ra\s  he  uses  a  lead 
vaginal  septum  which  is  pressed  upon  by  a 
compressor  in  the  midline  abo\e  the  symphysis. 
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Beyerlein  of  Munich  show  cd  a  new  accessory 
apparatus    for    stereometric    roentgenography. 

Strauss  of  Vienna  demonstrated  the  "Mek- 
apion,"  a  new  measuring  de\ice  for  deter- 
mining insulation  and  strength  of  rays.  The 
worlving  of  this  apparatus  depends  upon 
charging  to  a  certain  potential  a  condenser 
connected  with  the  grid-circuit  of  an  aniphfy- 
ing  tuioc,  which  gives  rise  to  periodical  impulses 
of  whicii  the  amplitude  depends  upon  the 
amount  of  resistance  parallel  to  the  condenser. 
In  this  manner  can  be  easily  and  exactly 
measured  very  high  insulation  resistances,  and 
also  the  capacity  and  conductivity  of  fluids 
and  gases  and  consequently  the  effect  of  ioniz- 
ing rays. 

Jaeger  of  Berlin  has  constructed  a  new 
roentgen  dosimeter,  which  makes  use  of  an 
ionization  chamber  and  an  amplifvmg  tube. 
The  dose  is  read  off  direct  on  the  dial;  at  the 
end  of  the  dose-period  a  bell  rings. 

At  the  end  of  the  session  Prof.  Nemenow  of 
Petrograd  offered  a  resolution  of  fellowship 
in  the  name  of  the  foreigners  present  from 
Holland,  America,  Bulgaria,  China,  Japan, 
Italy,  Jugoslavia,  Norway,  Roumania,  Switzer- 
land, Russia,  Spain,  Turkey,  Czekoslovakia 
and  Hungary,  expressing  the  pleasure  felt 
over  resumption  of  international  scientific 
relations,  and  voicing  the  wish  that  German 
scientists  may  again  be  \\elcomcd  in  other 
countries. 

The  president  expressed  gratitude  for  the 
spirit  of  the  meeting  and  greeted  the  visitors 
in  the  name  of  the  German  Roentgen  Ray 
Society,  but  obser\ed  that  inasmuch  as  the 
international  relations  were  suspended  by  those 
outside  of  Germany,  resumption  must  naturally 
come  from  the  same  source. 

PoLAK,  John  Osborn.  Notes  on  the  clinical 
value  of  radium  in  the  management  of  uterine 
hemorrhage.  Med.  Rec,  Mar.  25,  1922,  ci, 
493- 

The  author  gives  a  summary  of  the  work 
done  with  radium  in  the  clinic  of  the  Long 
Island  College  Hospital.  Its  admitted  use  in 
cancer  is  granted.  The  author  feels  that  it  is 
only  a  matter  of  time  when  radium  will  replace 
operation. 

In  myopathic  hemorrhages  in  young  girls, 
sometimes  obstinate  to  all  forms  of  treatment, 
the  endometrium  becomes  hypertrophied,  and 
the  uterus  large  and  soft,  the  os  tending  to 
remain  open.  These  cases  were  formerly 
treated  surgically.  Now  the  author  applies 
radium  in  such  a  way  as  to  establish  a  normal 
menstruation  after  one  seance.  Only  once  has 
he  had  occasion  to  repeat  the  exposure.  In 
this    class    he    treated    31    cases;    the   average 


dose  was  400  mg.  hours,  and  all  but  one  of  the 
cases  received  but  one  application.  The  last 
case,  which  required  three  applications,  was 
followed  by  amenorrhoea  for  one  year,  after 
which  normal  menstruation  was  re-established. 
Six  of  these  31  girls  are  now  married,  and  2 
have  become  pregnant. 

Operation  is  still  the  procedure  of  choice 
for  most  myomata,  for  radium  has  certain 
disadvantages.  Malignant  complications  may 
be  easily  overlooked,  for  it  has  been  shown 
that  sarcoma  is  found  in  serial  section  in  about 
9  per  cent  of  submucous  tumors.  Fifty-four 
per  cent  of  all  hbroids  are  complicated  with 
some  form  of  tubo-ovarian  disease.  Radiation 
is  not  applicable  in  women  who  may  yet  bear 
children.  Fibroids  accompanied  by  pressure 
symptoms  should  be  treated  surgically.  Irradia- 
tion will  increase  the  necrosis  of  tumors  which 
are  already  necrotic.  On  the  other  hand,  should 
radium  fail,  operation  is  always  possible.  The 
menopausal  symptoms  are  not  so  marked. 
There  is  no  operative  mortality  and  radium  is 
the  method  of  choice  in  myomata  complicated 
by  heart  disease,  extreme  anemia,  diabetes 
and  chronic  nephritis.  When  the  tumors  are 
larger  than  a  four  months'  pregnancy  the 
author  prefers  operation.  One  hundred  and 
six  cases  have  been  treated  by  irradiation,  the 
average  dose  being  2,000  to  3,000  mg.  -hours. 
Only  2  have  needed  subsequent  operation. 
In  both  these  there  were  large  submucous 
tumors,  the  bleeding  recurred,  and  at  opera- 
tion it  was  found  that,  the  tumors  had  under- 
gone a  marked  edema.  In  the  remaining  104 
cases  the  bleeding  ceased  and  has  never 
recurred  after  the  first  menstruation.  In  80 
of  these  cases  the  growth  has  shrunken  to  less 
than  half  the  original  size.  In  20  it  has  entirely 
disappeared. 

Another  class  of  cases  which  may  be  relieved 
by  radium  application  are  the  bleedings 
resulting  from  subinvolution  and  fibrosis  of 
the  uterus  without  lateral  or  posterior  parame- 
tritis or  a  history  of  pelvic  inflammation. 
Two  hundred  and  sixty  cases  were  treated  in 
this  class.  There  were  no  failures  to  check  the 
bleeding.  Several  in  this  class  which  were  asso- 
ciated with  prolapse  have  subsequently  been 
operated  upon. 

Case,  James  T.     Pericarditis  calculosa  (report 

of  a  new  case  discovered  roentgenologicafly). 

J.  Am.  M.  Assn.,  Jan.  27,  1923,  Lxxx,  236. 

The  author  reports  a  new  case  of  calcification 

of  the  pericardium  discovered  roentgenologic- 

ally.   This    makes   the   twelfth   case   thus   far 

reported  in  the  literature  in  which  a  diagnosis 

was  made  during  life.  These  were  all  made  by 

means  of  the  .v-rays   (Schwarz  2,   Groedel    i. 
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Rieder  2,  Weil  i,  Brauer  i,  Assmann  i, 
Klason  2,  and  Mueller  i). 

The  author  has  reviewed  the  literature  on 
the  subject,  giving  the  total  number  of  cases 
found  in  the  literature  prior  to  1922  as  90.  It 
is  significant  that  almost  without  exception 
the  visceral  and  parietal  layers  of  the  peri- 
cardium are  united  bj'  a  plastic  process,  in 
which  the  calcareous  deposit  occurs.  There  is  a 
total  obliteration  of  the  pericardial  cavity. 
Impaired  circulation  is  probably  an  important 
factor;  other  calcifying  factors  are  decreased 
metabolism,  necrobiosis  and  tissue  necrosis. 
A  number  of  the  cases  cited  above  give  a  history 
of  pericarditis,  pleurisy  or  some  undermined 
"trouble"  in  the  chest.  It  was  only  rarely, 
though,  that  a  diagnosis  of  adherent  peri- 
cardium was  made  during  the  hfe  of  the  patient. 
The  lime  deposits  occur  especially  over  the 
anterior  and  inferior  aspects  of  the  ventricles, 
while  the  auricles  are  rarely  affected. 

The  author  thinks  the  process  begins  as  a 
serofibrinous  or  fibrinous  pericarditis.  During 
the  production  of  the  reactive  granulation 
tissue  there  is  a  reduction  of  the  blood  supply 
to  i  the  fibrinous  masses,  which,  when  not 
absorbed,  may  remain  imprisoned  for  a  long 
time.  Such  dead  masses  in  which  the  circula- 
tion is  very  slow  and  insufficient  have  a  decided 
tendency  to  undergo  calcification  (Klason). 
Naturally,  the  lime  would  accumulate  in  those 
regions  of  the  pericardium  subjected  to  the 
least  disturbance  from  the  contractions  of  the 
chambers  of  the  heart. 

The  description  of  the  calcareous  deposits 
in  a  large  number  of  cases  was  quoted  ^-erbatim 
from  the  literature. 

From  the  roentgenologic  standpoint  the 
following  may  be  suggested  as  signs  of  peri- 
carditis adhesiva:  (a)  a  triangular-shaped 
heart;  (6)  disappearance  of  the  boundaries 
between  the  various  heart  chambers,  usually 
made  out  fluoroscopically;  (c)  diminished 
excursion  of  the  edge  of  the  cardiac  shadow 
during  heart  action,  and  (d)  diminished 
mobility  of  the  heart  in  relation  to  the  dia- 
phragm with  the  patient  in  the  lateral  positions. 

The  roentgenologic  study  of  pericarditis 
calculosa  should  be  carried  out  both  with  the 
screen  and  with  plates.  Several  cases,  finally 
discovered,  %\ent  through  repeated  plate 
and  screen  study  before  the  diagnosis  was  made. 

Klason  believes  the  fluoroscopic  study  more 
valuable  than  the  rocntgenographic.  True,  one 
can  vary  the  penetration  of  the  ray  employed 
and  can  turn  the  patient  in  \arious  directions 
more  easily  and  economically  with  the  screen 
than  with  the  plate  method.  Case  prefers  a 
combination  of  screen  and  rocntgenographic 
examination,  though   in   the  case  reported  in 


this  paper  he  discovered  the  calcified  peri- 
cardium while  repeating  a  part  of  the  barium 
meal  study.  Such  a  case  impresses  very  forciblj- 
the  lesson  that  no  fluoroscopic  observation 
should  ever  be  attempted  until  after  the  eyes 
have  been  thoroughly  prepared  for  screen 
observations  by  a  long  preliminary  stav  in  the 
dark. 

Bishop,  Louis  F.a.ugeres.  Fluoroscope  in 
the  diagnosis  of  diseases  of  the  heart.  Med. 
Rec,  Alar.  25,  1922,  ci,  489. 

This  is  an  article  in  which  the  author  urges 
the  value  of  the  fluoroscopic  examination  of 
the  heart,  especially  with  reference  to  the 
fluoroscopic  diagnosis  of  the  activities  of  the 
different  chambers  of  the  heart  and  the  probable 
auricular  and  valvular  defects  as  well  as  the 
discovery  of  congenital  lesions.  The  author 
ventures  to  assert  that  fluoroscopy  will 
become  a  routine  measure  in  every  physician's 
oflTice  before  very  long.  The  author  would 
rather  forego  the  roentgenogram  than  the 
privilege  of  observing  the  heart  in  afl  its  activi- 
ties. He  ventures  to  say  that  in  the  detec- 
tion of  minor  impairments  of  the  heart  the 
fluoroscope  is  vastly  superior  to  the  stethoscope 
and  when  it  is  supplemented  by  the  cardio- 
graph at  least  30  per  cent  of  otherwise  unknown 
conditions  are  added  to  the  factors  which  must 
be  considered.  The  mental  process  of  discount- 
ing distortion  of  shadows  due  to  the  nearness 
of  the  tube  in  fluoroscopy  is  much  easier  than 
one  would  suppose.  With  reference  to  the 
normal  heart  the  author  believes  there  is 
really  no  such  entity.  The  nearest  approach 
can  be  found  in  a  heart  which  is  normal  to  the 
person  carrying  it.  The  heart  of  the  laborer 
would  be  abnormal  to  a  bookkeeper,  for 
example.  The  one  disappointing  element  in 
the  subject  of  fluoroscopy  of  the  heart  is  that 
the  question  of  personal  skill  comes  in  and 
training  of  the  observer  is  necessary.  In 
cardiology  nothing  is  more  popular  than  the 
arithmetical  formula,  but  so  far  it  has  usually 
failed  to  be  useful. 

Joseph.  Death  after  pneumoperitoneum. 
Berl.   kliri.   Wchnschr.,    1921,   Iviii,    1361. 

Rautgenljerg  published  his  experiments  with 
pneumoperitoneum  for  the  first  time  in  1914. 
He  and  Goetze  developed  the  method,  and 
others  ha\-e  spoken  very  highly  of  its  results. 
Mayer  ascribes  not  only  a  diagnostic  but  a 
therapeutic  value  to  it  in  the  case  of  a  patient 
with  adhesions  of  the  genitd  organs  who  had 
no  further  pain  two  weeks  after  the  injection 
of  air  into  the  abdomen.  He  explained  the  fact 
by  the  assumption  of  a   kind  of  massage  ex- 
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erted  by  the  air.  Kaestic  has  made  similar 
oJDservations. 

But,  strange  to  say,  one  hears  little  concerning 
the  use  of  pneumoperitoneum  from  surgeons. 
The  fact  is  that  this  method  is  really  unsurgi- 
cal.  Even  if  resulting  lesions  seldom  occur,  they 
are  possible,  and  one  shrinks  from  piercing 
the  abdomen  for  purely  diagnostic  reasons. 
Another  explanation  is  that  there  are  unfortu- 
nate results  to  match  the  good  ones. 

Benthin  publishes  such  observations.  These 
are  limited  to  the  small  pelvis,  where  the 
method  seems  most  unsatisfactory.  A  tumor 
that  could  be  palpated  was  not  visible  by 
roentgen  radiation.  Another  seemed  visible, 
but  was  actually  non-existent.  Leschke  tells 
of  intestinal  injury  in  a  case  of  carcinomatous 
peritonitis.  Others  mention  various  forms  of 
discomfort  to  the  patient. 

Biernath  found  .air  in  the  abdomen  at 
operation  after  twelve  days.  In  a  case  of 
ulcus  duodeni  the  whole  parietal  peritoneum 
and  omentum  were  filled  with  air  bubbles. 
Death  followed  from  subphrenic  abscess  and 
lung  infarct. 

The  technique  has  lately  been  changed  and 
is  now  very  smiple,  as  it  has  been  proved  that 
ordinary  air  causes  no  more  infection  than  do 
oxygen  and  nitrogen.  Some  use  the  usual  pneu- 
mothorax apparatus,  others  a  needle,  with  the 
air  forced  through  a  water-bulb.  Goetze  places 
the  patient  with  the  pelvis  raised,  a  subatmos- 
pheric  pressure  zone  then  arises  in  the  pelvis 
and  the  bowels  follow  the  law  of  gravitation.  He 
believes  that  injury  can  be  avoided  in  this  way. 

Pneumoperitoneum  has  been  used  in  a  few 
cases  at  the  Moabite  hospital.  Unfortunately 
one  death  occurred,  and  the  report  of  the  case 
is  interesting,  as  the  cause  of  death  lay  not  in 
the  method  but  in  an  anatomical  abnormality. 

A  woman  of  forty  had  a  movable  tumor 
below  the  right  riiis,  the  size  of  a  fist.  A  kidney 
tumor  was  diagnosed,  but  for  greater  certainty 
a  roentgen  diagnosis  with  pneumoperitoneum 
was  decided  on.  A  needle  was  introduced  into 
the  abdomen  below  the  navel,  with  local 
anesthesia,  and  air  driven  in  at  low  pressure 
by  means  of  a  double  bellow-s.  The  air-bulb 
contained  about  150  c.c.  When  it  had  been 
emptied  twice  the  patient  suddenly  collapsed, 
with  cyanosis  and  rapidly  diminishing  pulse, 
and  died  in  a  few  seconds  in  spite  of  every 
possible  measure.  Immediately  on  collapse 
the  air  and  the  needle  were  removed  from  the 
abdomen. 

There  was  no  trace  of  blood  on  the  needle,  or 
anywhere  else  at  section,  nor  was  any  injurj' 
to  a  vein  macroscopically  visible.  At  the  same 
time  the  autopsy  showed  that  death  had 
resulted  from  air-embolism. 


A  suspicious  spot  was  found  in  the  vena 
iliaca,  where  an  injury  was  visible  under  the 
microscope,  but  this  could  not  be  definitely 
related  to  the  puncture  of  the  abdomen. 

The  patient  had  a  strong  scoliosis  of  the 
lower  vertebral  section  to  the  right;  the  pro- 
montorium  reached  very  far  down  and  formed 
a  strongl  J'  projecting  elbow,  so  that  it  lay  directly 
under  the  abdominal  wall  when  completely 
relaxed,  but  could  not  be  felt  because  of  the 
considerable  adiposity'. 

This  anatomical  abnormality  is  the  onh^ 
explanation  of  the  accident. 

The  purpose  of  this  report  is  not  to  discour- 
age the  use  of  pneumoperitoneum,  but  to 
call  attention  to  the  fact  that  such  anatomical 
conditions  require  special  watchfulness  and 
precaution,  and  may  even  be  a  contraindica- 
tion to  pneumoperitoneum. 

Bailey,  Harold,  and  Bagg,  Halsev  J. 
Effects  of  Irradiation  on  Fetal  development, 
Am.  J.  Obst.  e"  Gynec,  May,  1923,  v,  461. 

The  authors  deprecate  the  many  loose 
statements  concerning  the  cure  by  irradiation 
of  gynecologic  conditions  during  all  periods 
of  sexual  life  with  the  intimation  that  no 
serious  results  follow  the  treatment  of  these 
conditions.  They  deem  it  proper  to  present 
some  clinical  and  experimental  facts  relating 
to  the  subject,  especially  in  regard  to  the 
reaction  of  the  ovary  and  the  developing  fetus. 
The  experimental  data  upon  the  lower  animals 
have  shown  that  when  the  sex  glands  are 
sufficiently  irradiated  before  fertilization  the 
following  are  typical  fetal  reactions: 

1.  Disturbed,  abnormal,  arrested  develop- 
ment, resulting  in  the  formation  of  monsters 
conforming  more  or  less  to  a  general  type,  and 
pronounced  disturbances  in  the  development 
of  the  central  ner^"ous  system  (Bohn,  Perthes, 
O.  and  G.  Hertwig,  Schaper,  Tur,  Bordier  and 
Baldwin). 

2.  A  marked  tendency  to  a  progressive 
loss  of  fertility. 

3.  A  specific  modification  of  the  hereditary 
mechanism  (Mavor)  and  the  production  of 
inherited  defects  in  the  young,  especially  in 
the  eyes  (Little  and  Bagg). 

Irradiation  during  pregnancj'  produces  the 
following  typical  disturbances  in  fetal  develop- 
ment, depending  upon  the  developmental 
period  at  which  the  irradiation  is  instituted: 

I.  Disturbed,  arrested,  abnormal  develop- 
ment with  death  of  the  embryos,  absorption  or 
abortion,  stunting  in  growth,  cataract,  sterility, 
lesions  of  the  central  nervous  system  and  blood 
vascular  disturbances  in  the  embryos.  (Hippel 
and  Pagenstecher,  Regaud,  Nogier,  and  Lacas- 
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sagne,  Lengrcllntr,  Krukenberg,  Cohn,  Walter, 
Bagg,  Hansen,  and  Lacassagne  and  Coutard.) 
In  a  discussion  of  tiie  clinical  reports  it  must 
be  Ijorne  in  mind  that  tiie  data  cannot  be 
presented  with  the  same  scientific  evaluation 
that  ma\'  be  given  to  experimental  biologic 
studies,  and  although  one  realizes  that  one 
cannot  directly  transfer  the  experimental 
results  from  animal  to  man,  yet  apparently 
there  is  no  reason  for  considering  human 
developmental  processes  as  essentially  different 
from  those  of  other  mammals.  It  has  been  the 
aim  of  the  authors  to  bring  together  the  clinical 
reports,  to  interpret  and  correlate  them  as 
much  as  possible,  and  to  add  6  cases.  The 
authors  recognize  that  developmental  disturb- 
ances are  to  be  lound  in  many  instances  of 
human  ontogeny  where  irradiation  has  never 
been  applied  and  they  wish  to  caution  those 
who  contemplate  the  irradiation  of  women 
during  the  child-bearing  period  with  a  view  to 
preserving  the  procreative  ability. 

In  judging  the  clinical  reports  the  authors 
believe  that  in  those  instances  where  compara- 
tively great  disturbances  have  resulted  in  the 
child,  the  irradiation  was  given  early  in 
pregnancy.  They  believe  that  irradiation 
during  early  pregnancy  may  produce  death 
and  abortions  of  the  fetus.  Irradiation  during 
late  pregnancy  is  not  so  likely  to  produce 
gross  developmental  abnormalities  in  tlie 
child  at  birth,  but  the  clinical  data  seem  to 
agree  with  the  experimental  in  several  instances 
where  children  irradiated  in  utero  at  this  period 
have  been  prematurely  deli\ered,  or  have 
shown  postnatal  growth  disturbances,  or 
death  within  the  first  year.  Werner  reported  3 
such  retarded  children,  and  4  that  died  during 
the  first  year. 

The  severity  of  the  treatment,  as  well  as  the 
period  in  development  when  the  irradiation 
was  given,  no  doubt  determines  the  reaction  of 
the  fetal  tissues.  The  authors'  third  case  was 
treated  during  the  fifth  month  of  pregnancy, 
and  then  only  locally,  an  effect  largely  due  to 
beta-ray  radiation  within  the  vuK'al  tumor. 
At  the  eighth  month  the  mother  was  treated 
over  the  vuKa  with  gamma-ray  radiation 
which  was  eciuivalent  to  50  per  cent  of  the 
skin  dose.  The  treatment  was  not  severe, 
the  fetus  was  not  directly  irradiated,  and  the 
child  was  apparently  normal  at  birth  and  has 
remained  so  to  the  present  time. 

The  second  division  of  this  study  relates 
to  the  irradiation  of  women  before  conception 
where  complete  sterility  is  not  produced. 
The  experimental  evidence  in  the  lower  animals 
shovNs  with  great  probability  that  irradiation 
injures  the  follicular  elements  of  the  ovarv. 
The    authors'    first    case    was    suffering    from 


Hodgkin's  disease  and  ten  months  before 
conception  was  heavily  radiated  with  .v-rays. 
A  male  mfant  was  born  with  an  extensive 
developmental  arrest  in  the  formation  of  the 
head,  and  died  after  a  few  hours.  The  second 
patient  was  irradiated  for  a  fibroid  with 
gamma-ray  radiation  both  from  within  the 
outside  the  uterus,  and  she  became  pregnant 
eighteen  months  later.  In  this  instance  a  large, 
stillborn  infant  was  born  at  term.  The  authors' 
last  case  was  also  irradiated  with  a  gamma- 
ray  radiation  from  a  platinum  tube  placed  in 
the  uterus.  Conception  occurred  seven  months 
later,  and  the  child  was  apparently  normal  at 
birth.  The  evidence  is  not  sufficient  to  warrant 
our  attributing  the  developmental  defect  in 
the  first  case,  or  the  stillbirth  in  the  second 
as  due  to  irradiation. 

The  authors  therefore  conclude  that  it  is 
questionable  whether  radium  or  .v-ray  irradia- 
tion should  be  used  to  destroy  the  ripe  follicles, 
leaving  the  immature  ones  injured  but  capable 
of  development.  This  statement  is  made 
entirely  on  the  strength  of  the  experimental 
work  on  the  lower  animals,  and  they  do  not  feel 
lustified  in  considering  any  of  the  available 
clinical  records  as  adding  conclusive  evidence 
in  this  regard.  In  the  treatment  of  menorrhagia 
in  the  child-bearing  period  they  believe  that 
complete  sterility  is  preferable  to  the  possi- 
bility of  a  damaged  germ  plasm. 

Irradiation  of  the  ovum  during  early  preg- 
nancy should  never  be  permitted.  Radiation  in 
late  pregnancy,  while  it  may  not  produce  gross 
abnormalities  at  birth,  may  hinder  the  growth 
and  development  of  the  child  in  later  life. 

Gr.\nger,  A.medee.  a  new  technique  for  the 
positive  identification  of  the  sphenoid  sinus 
and  the  ethmoid  cells.  J.  Roc/io/.,  Apr.  i,  1923, 
iv,  105. 

Without  taking  the  space  to  review  the 
previous  work  done  in  this  field,  the  author 
reports  his  own  experiments,  which  are  fully 
illustrated  in  the  article.  The  reproductions 
surely  support  his  claim  for  adequate  identifica- 
tion of  the  sphenoid  sinus  and  the  ethmoid 
cells.  The  success  was  due  mainly  to  the  use 
of  a  head-rest  which  he  had  previously  de- 
signed. This  head-rest  consists  of  a  sheet  of 
bakehte,  N\ith  a  triangular  hole  cut  for  the 
nose,  attached  to  a  wooden  frame  ^0  '"•  'I's'i 
and  about  -'.i  in.  wide,  the  whole  surrounded 
by  a  strip  of  wood  '4  in.  thick  and  I4  in.  deep. 
By  these  means  the  bakehte  sheet  upon  which 
the  head  will  rest  can  be  securelx'  held  o\cr  a 
film  holder  or  cassette,  and  at  the  same  time 
kept  a  distance  of  ^2  '"•  away.  When  the  nose 
is  placed  in  the  hole  cut  out  in  the  bakelite 
sheet — the  size  and  position  of  this  hole  having 
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been  carefully  determined — the  head  is  auto- 
matically centered  on  the  same  part  of  the  film, 
the  soft  tissues  of  the  nose  can  be  compressed 
without  pain  or  discomfort,  and  what  is  much 
more  important,  the  head  now^  rests  on  the 
superior  maxilla  and  the  glabella.  Two  constant 
fixed  points,  varying  little  in  heads  of  different 
sizes  and  shapes,  now  afford  good  firm  support 
to  the  head,  doing  away  entirely  with  the 
tendency  to  pivot  either  in  the  direction  of  its 
longitudinal  or  transverse  diameter,  a  tendency 
always  present  when  the  nose  is  one  of  the 
two  points  on  which  the  head  rests. 

The  article  needs  reading  to  appreciate  the 
numerous  detailed  points  made  by  the  author. 

G.  G.\ERTNER.  Death  after  pneumo- 
peritoneum. Berl.  khn.  W  chnschr.,  192 1, 
Iviii,  146-. 

(Remarks  on  an  article  by  the  same  title  by 
Dr.  Joseph  in  No.  46  of  this  weekly.) 

Some  years  ago  the  suggestion  was  made  of 
filling  the  )oints  with  oxygen  for  the  purpose 
of  roentgen  transillumination.  A  surgeon 
simplified  this  method  by  using  air.  It  suc- 
ceeded a  few  times,  then  a  patient  died  of  air 
embolism.  The  author  was  reminded  of  this 
case  on  hearing  of  the  plan  of  filling  the 
peritoneal  cavity  with  air  in  order  to 
render  its  contents  distinct  before  the  roentgen 
rays. 

The  author  proved  in  1902  that  large  quanti- 
ties of  oxygen  can  be  introduced  into  the  \eins 
of  men  and  animals — several  liters  in  men — 
without  harming  the  organism.  The  gas  is 
easily  absorbed  by  the  red  corpuscles  and  ne\er 
causes  an  embolism  if  the  strength  of  the  stream 
is  not  too  great.  This  is  not  true  of  air,  which 
causes  certain  death.  On  the  author's  sugges- 
tion the  intravenous  injection  of  oxygen  has 
been  successfully  used  to  relieve  sufferers 
from  asphyxiation. 

Since  gas  can  enter  the  veins  from  a  closed 
body  cavity,  only  pure  oxygen  free  from  nitro- 
gen or  hydrogen  should  be  used  lor  tlic  purpose: 
— never  air. 

An  exception  exists  in  the  case  of  filling  tlie 
pneumothorax  with  nitrogen.  Perhaps  the 
gases  cannot  penetrate  the  veins  located  there, 
because  of  pathological  changes.  Air,  or  still 
better,  nitrogen  should  be  used,  as  oxygen  is 
too  quickly  absorbed. 

The  speed  of  the  stream  of  oxygen  must  not 
be  greater  than  the  gas-absorbing  capacity  of 
the  venous  blood,  or  a  fatal  tamponade  of  the 
right  side  of  the  heart  will  result. 

In  using  oxygen  for  pneumoperitoneum  the 
injection  should  be  slow  and  the  heart  continu- 
ally ausculated.  When  the  gas  bubbles  reach 
the  left  ventricle  they  make  a  loud  splashing 


sound  synchronized  with  the  pulse.  They  do 
not  indicate  actual  danger,  but  serve  as  a 
warning.  The  injection  should  cease,  and  some 
gas  perhaps  be  drawn  out  again. 

With  the  use  of  air  or  vapor  the  splashing 
sound  indicates  the  greatest  danger  and  im- 
mediate steps  must  be  taken,  not  only  precau- 
tionary ones,  but  the  radical  measures  generally 
used  in  the  case  of  air-embolism. 

R.  Rhule.  Roentgenological  studies  con- 
cerning an  alteration  in  the  upper  wall  of 
the  OS  innominatum  known  as  the  os  acetabu- 
li.  Arch.  J.  Orthop.  etc.,  1921,  xix,  518. 

The  author  has  gathered  together  roentgeno- 
logical material,  together  with  clinical  and 
autopsy  reports,  to  prove  that  the  small 
independent  bony  formation  often  seen  in 
roentgenograms  of  the  hip-joint,  against  the 
pubis  and  just  above  the  head  of  the  femur,  is 
not  the  anatomical  os  acetabuli,  and  is  mis- 
called when  so  designated  by  roentgenologists. 
He  sums  up  his  conclusions  as  follows: 

1.  The  roentgenological  os  acetabulum  is 
not  identical  with  the  anatomical  os  acetabulum, 
which  is  a  constant  pubic  element. 

2.  The  roentgenological  os  acetabulum  is 
always  to  be  considered  as  a  pathological 
formation. 

3.  The  roentgenological  os  acetabulum  is 
usually  the  result  of  a  rachitic,  late  rachitic, 
or  osteomalacic  disease  of  the  bones. 

4.  In  very  unusual  cases  the  roentgenological 
OS  acetabulum  may  be  related  to  adults  to  a 
traumatic  fracture,  or  it  may  be  a  tuberculous 
or  osteomyelitic  sequestrum  of  the  upper 
acetabular  margin,  or  a  perior  para-articular 
ossification,  or  a  localized  corpus  mobile  or  a 
new  bone  formation. 

5.  In  the  case  of  late  rachitis  or  its  secondary 
diseases,  the  roentgenological  os  acetabulum  is 
to  be  considered  as  a  spontaneous  infraction 
of  a  kind  that  causes  mostly  a  general  lighten- 
ing of  the  bone  shadow,  or  as  a  spontaneous 
fracture  at  a  typical  spot.  The  zone  of  illumina- 
tion between  the  lateral  bony  segment  and  the 
pubis  is  probably  a  zone  of  transformation  in 
Looser's  sense,  caused  by  a  change  of  lamellar 
bone  into  uncalcareous,  reticulous  bone. 

6.  There  is  ground  for  the  hypothesis  that 
an  upper  acetabular  margin  extended  into  a 
spur  as  a  result  of  rachitic  alterations  below 
the  articular  cartilage  of  the  acetabulum 
(Fromme)  plays  a  certain  role  in  the  formation 
of  the  roentgenological  os  acetabulum. 

7.  A  knowledge  of  the  roentgenological  os 
acetabulum  and  of  the  possibilities  as  to  its 
origin  is  of  basic  importance  in  accident 
surgery. 


68o 


Translations  and  Abstracts 


Enfield,  Charles  D.  The  scope  of  the  roent- 
genologist's report.  J.  Am.  M.  Assy\.,  Apr. 
7,  1923,  Ixxx,  999. 

The  author  states  that  the  ideal  roentgen- 
ray  report  should  present  a  careful  and 
accurate  description  of  the  picture  seen.  It 
should  offer  whatever  explanation  of  variations 
from  the  normal  may  be  conservatively  given 
on  a  basis  of  established  roentgen  pathology. 
It  should  give,  when  this  can  be  conservatively 
done,  an  estimate  of  the  activity  and  present 
importance  of  the  lesion,  such  estimate,  how- 
ever, to  be  derived  entirely  from  the  roentgen 
signs.  It  should  place  in  the  hands  of  the  clini- 
cian all  the  information  the  roentgenologist 
has  been  able  to  obtain  by  his  peculiar  method 
of  examination  and  should  offer  it  in  such  form 
as  will  most  facilitate  the  correlation  of  the 
roentgen  and  clinical  evidence. 

In  the  course  of  his  remarks,  the  author  refers 
to  some  controversial  points,  particularly 
regarding  the  present  attitude  of  the  roent- 
genological fraternity  toward  roentgen-ray 
diagnosis  of  gall-bladder  conditions.  About 
gall-stone  shadows  there  can,  of  course,  be  no 
question.  If  seen,  they  indicate  with  certainty 
the  presence  of  gall-stones  and,  by  inference, 
past  or  present  gall-bladder  disease.  There  are, 
however,  two  other  types  of  positive  roentgen- 
ray  evidence  with  regard  to  the  gall-bladder 
which  have  assumed  steadily  increasing  impor- 
tance during  the  last  few  years.  First  in  point  of 
time  is  the  so-called  indirect  evidence  of  gall- 
bladder infection  consisting  in  deformities  of 
the  duodenum,  alterations  in  tone  of  the  pyloric 
portion  of  the  stomach,  and  fixation  or  other 
abnormality  in  the  hepatic  flexure  of  the  colon. 
These  phenomena  are,  of  course,  caused  either 
by  adhesions,  resulting  from  inflammatory 
processes  in  the  gall-bladder  and  ducts,  or  by 
reflex  nervous  disturbances  originating  in  the 
same  locality,  or  by  both  causes  acting  together. 
In  their  typical  form  they  give  a  picture  that  is 
characteristic  and  convincing  to  a  large  pro- 
portion of  roentgen-ray  men.  More  recently, 
the  cflort  to  demonstrate  the  gall-bladder 
itself  on  tiie  roentgen-ray  film  has  somewhat 
overshadowed  these  indirect  signs. 

I  he  author,  in  common  with  certain  roent- 


gen-ray workers,  is  extremely  dubious  about 
accepting  the  fact  of  a  gall-bladder  shadow  as 
proof  of  gall-bladder  disease.  The  whole  point 
is  one  which  will  require  much  more  work 
and  a  much  larger  series  of  operative  checks  to 
clear  it  up  to  everyone's  satisfaction.  In  the 
meantime,  reports  of  gall-bladder  examinations 
in  which  the  gall-bladder  (but  no  stones)  is 
shown,  should  indicate  clearly  that  such  a 
finding,  while  indicati\  e  of  gall-bladder  disease 
with  or  without  stones,  latent  or  active,  does 
not  by  any  means  imply  that  surgical  inter- 
ference is  called  for  on  that  basis  alone. 

Fay,  Temple,  and  Grant,  Francis  C.  Ven- 
triculoscopy   and    intraventricular    photog- 
raphv    in    internal    hydrocephalus.    J.   Am. 
M.  Assn.,  Feb.  17,  1923,  Ixxx,  461. 
The  authors  report  some  interesting  obser- 
vations relative  to  the  appearance  of  the  func- 
tioning  ventricle    in    the    living    subject.    An 
opening   through    the   thinned    cortex   in   the 
silent  area  of  the  brain  was  planned  as  being  a 
far  safer  procedure  than  the  more  formidable 
midline    approach    between    the    hemispheres. 
Through    this    opening,    a    No.    12    operating 
cystoscope  was  inserted,  affording  a  clear  view 
of  the  ventricular  walls. 

The  authors'  conclusions  are  as  follows: 
Intraventricular  photography  and  ventriculos- 
copy are  possible  in  the  presence  of  dilated 
ventricles.  Little  or  no  reaction  follows  such 
procedure  when  properly  conducted.  The 
diagnostic  value  of  direct  inspection  of  the 
ventricular  cavities  may  prove  of  considerable 
importance  in  determining  the  location  and  the 
extent  of  growth  of  subcortical  lesions  causing 
deformities  of  the  ventricles.  A  satisfactory 
approach  with  regard  to  the  area  and  extent  of 
the  opening  desired  may  be  made  through  a 
dilated  ventricle  in  order  to  permit  callosal 
puncture  under  direct  observation.  Photog- 
raphy for  the  purpose  of  reproducing  the  ap- 
pearance of  structures  or  lesions  within  the 
ventricles  requires  at  least  forty  seconds' 
exposure. 

In  view  of  the  interest  created  in  ventriculos- 
copy by  the  work  of  Dandj-  and  others.,  this 
paper  is  extremely  interesting. 
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THE  current  literature  contains  few 
references  to  the  lateral  position  in 
the  radiography  of  the  kidney  and  gall- 
bladder. O'Brien'  advocates  the  lateral 
view,  and  states  that  it  may  obviate  the 
necessity  of  catheterization  of  the  ureter. 
A  shadow  lying  against  the  vertebral 
shadow  may  reasonably  be  stated  to  be 
due  to  a  calculus  in  the  kidney.  Pfahler- 
suggests  an  oblique  position  to  throw 
the  shadow  of  a  gall-stone  outside  that  of 
the  kidney  shadow.  The  patient  lies 
obliquely  on  his  right  side  and  the  com- 
pressor is  directed  into  the  epigastric 
region  and  tilted  so  that  the  cylinder  is 
resting  posterior  to  the  right  costal  border. 

TECHNIQUE 

In  previous  descriptions  of  the  lateral 
position  the  patient  was  turned  on  his 
right  side,  and  the  .v-rays  passed  from 
above  either  directly  or  obliquely.  There 
are  certain  objections  to  this  method. 
When  the  patient  lies  on  his  side,  a  varying 
degree  of  displacement  of  the  organs 
under  examination  takes  place.  The  kidney 
is  especially  aflected  by  this  change  of 
position.  It  sinks  forward  and  toward  the 

•  O'Brien.  F.  W.  The  present  status  of  gall-stone  diagnosis  by 
the  roentgen  ray.  Boston  M.  &  S,  J.,  1916,  clxxiv,  309. 

2  Pfahler.  G.  E.  An  improvement  in  the  technique  of  gall- 
bladder diagnosis.  Am.  J.  Roentgenol.,  May.  1915,  ii,  774. 
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middle  line,  and  if  the  mobility  of  the 
organ  is  increased,  as  in  movable  kidney, 
the  change  in  its  relation  to  the  vertebral 
bodies  which  form  the  fixed  points  of  a 
lateral  radiogram  is  considerable.  And 
further,  the  relation  of  the  kidney  to  other 
abdominal  organs  under  examination  also 
undergoes  some  cliange.  On  the  other 
hand,  perirenal  adhesions  will  interfere 
in  this  position  with  what  might  be  re- 
garded as  a  normal  variation  in  the  posi- 
tion of  the  kidney.  Moreover,  the  loss  of 
time  and  the  muscular  effort  made  by  the 
patient  in  assuming  the  lateral  position 
may  spoil  a  lateral  pyelogram  by  emptying 
the  renal  pelvis. 

Some  part  of  the  value  of  a  lateral  radio- 
gram or  pyelogram  is  the  comparison  with 
the  anteroposterior  view.  It  is  important 
that  both  these  \iews  should  be  taken  with 
the  patient  in  the  same  position.  For  these 
reasons  it  is  essential  that  the  lateral 
negatives  should  be  taken  with  the  patient 
lying  prone  or  supine,  and  the  latter  is  the 
preferable  position  for  the  ordinary  kidney 
negative. 

Where  pyelography  is  used,  a  rapid  com- 
bined technique  should  be  thought  out  and 
practiced  h\  the  surgeon  and  radiologist. 
The  essentials  in  work  of  this  kind  are 
rapidity  of  action,  shortness  of  exposure, 
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and  a  tube  of  the  degree  of  hardness  best 
suited  to  the  conditions  under  investiga- 
tion. With  a  table  of  the  description  shown, 
it  is  possible  to  screen  from  below  and  take 
negatives  from  above  and  from  the  lateral 
aspect  in  a  very  short  time,  without  in  any 


diminishes  the  exposure  necessary  for  the 
production  of  high-class  negatives.  In 
hardly  any  case  need  the  exposure  exceed 
two  seconds,  and  the  majority  are  made  in 
one  second  or  less.  Coolidge  tubes  or  gas 
tubes  can   be  used.   When  the  latter  are 
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Fig.  I.  Apparatus  for  lateral  radiography. 


way  disturbing  the  patient.  NMien  catheter- 
ization ol  the  ureter  is  recjuircd,  the  surgeon 
can  readily  get  at  the  patient,  and  when 
the  pelvis  is  injected,  three  or  more  nega- 
tives can  be  exposed  in  dilTercnt  positions, 
and  the  time  employed  need  not  exceed  a 
few  seconds  for  each  exposure. 

An  important  feature  in  the  techniqvie 
is  the  employment  of  the  duplitized  film 
with  two  intensifying  screens,  one  on 
cither  side  of  the  iilm.  This  combination 


employed,  it  is  important  not  to  pass 
too  many  discharges  through  the  tube  in 
cjuick  succession,  because  of  the  heating 
effect.  As  a  rule,  the  short  exposure  re- 
quired for  kidney  and  gall-bladder  work  is 
not  likely  to  disturb  seriously  the  vacuum, 
if  care  is  taken  to  keep  the  tube  in  a  suit- 
able condition.  In  this  the  duplitized  films 
and  screens  are  a  boon,  and  undoubtedly 
lhc\  are  responsiljle  fora  great  improvement 
in  the  quality  of  the  negatives  produced. 
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Lateral  radiography  may  be  used  alone  The  ureteric  catheter  is  passed   in  the 

or  with  the  addition  of  an  opaque  catheter     recumbent     position.     The     catheter     is 
in  the  ureter,  or  of  pyelography.  A  note     marked  in  centimeters  and   the  distance 
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FiG.  2.  Table-top  for  lateral  radiography. 

may  therefore  be  made  in  regard  to  the  that    it   passes   up   the   ureter   should    be 

latter  method  of  examination:  carefully  noted,  as  it  disappears  into  the 

The  best  catheters  in  use  in  pyelography  orifice.  In  the  average  patient  25  to  30  cm. 

are  those  made  in  Paris.  With  care  thev  is  the  usual  length  of  catheter  that  dis- 


FiG.  3.  Diagram  showing  nor-    Fig.    4.    Diagram    Fig.   5.   Diagram   showing 
mal  position  of  kidney.  showing  position        position  and  axis  of  gall- 

of  kidney,  renal        bladder, 
pelvis  and  ureter 
in  lateral  view. 


Fig.  6.  Diagram  of  radiating 
lines  of  renal  and  biliary 
calculi. 


may   be   sterilized   by   boiling.   They   are  appears  before  it  is  arrested.  The  point  of 

supple  and  retain  a  good  surface,  and  the  the  catheter  passes  into  the  upper  calyx  in 

lumen  compared  with  the  total  caliber  is  all  cases  where  the  ureter  and  pelvis  are 

large,  while  they  throw  a  heavy  shadow,  in  the  normal  alignment,  and  where  there 
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is  no  dilatation  of  the  pelvis.  When  a 
catheter  with  terminal  eye  is  being  used, 
it  should  be  withdrawn  J2  cm.  Neglect  of 
this  precaution  may  lead  to  imperfect 
filling  of  the  pelvis  and  the  remaining 
calices,  for  the  patient  feels  pain  when 
the  upper  calyx  is  distended,  and  the 
operator  is  misled  into  believing  that  the 
pelvis  is  already  full. 

If  it  is  desired  to  study  the  contour  of  the 
uretero-pelvic  junction,  the  catheter  should 


Fig.  7.  Lcitenil  pyclogram  showing  pelvis  of  kidney 
over  shadow  u(  body  of  second  lumbar  vertebra, 
opaque  catheter  in  ureter,  calcified  glands  in  front 
of  ureter  and  spine  and  gas-filled  hepatic  flexure 
of  colon  in  front  of  renal  pelvis. 

be  withdrawn  about  2  cm.  after  it  has 
passed  the  full  length  and  has  been  arrested. 
The  opaque  fluid  shows  the  natural  contour 
of  the  upper  ureter  and  its  relation  to  the 
pelvis,  which  the  rigid  catheter  would 
otherwise  modify  to  some  degree.  If  the 
catheter  is  arrested  in  the  ureter  before 
reaching  the  renal  pelvis  it  is  still  possible 
to  inject  the  fluid  and  fill  the  renal  pelvis. 
Very  rarely  obstruction  at  the  uretero- 
pelvic  junction  will  prevent  the  fluid 
passing  into  the  renal  pelvis,  and  it  is 
returned  alongside  the  catheter  to  the 
bladder. 

Sodium  bromide  solution  (20  per  cent) 
introduced  by  Weld,   has  in  our  practice 


superceded  other  opaque  fluids.  It  throws 
a  shadow  rather  less  dense  than  that 
thrown  by  collargol,  but  sufficiently  heavy 
for  all  routine  work.  Sodium  bromide  is 
irritating  to  the  bladder,  and  when  it 
escapes  down  the  catheter  the  first  intima- 
tion will  be  an  intense  desire  to  pass  water. 
In  solutions  stronger  than  20  per  cent  it  is 
irritating  to  the  renal  pelvis.  The  solution 
should  be  sterilized  by  boiling,  and  0x3'- 
cyanide  of  mercury  (i  in  8,000)  added  to 
keep  It  aseptic.  It  is  an  advantage  to  have 
it  slightly  warmed.  After  passing  the 
catheter  a  glass  syringe  (20  c.c.  capacity) 
is  attached  to  it  by  means  of  a  small 
rubber  connection  introduced  by  one  of  the 
writers.^  The  pehis  is  now  emptied  of  its 
contents  by  suction  with  the  sjringe. 
This  is  a  necessary  precaution,  for  if 
dilatation  is  present,  a  quantity  of  fluid 
is  constantly  retained  in  the  dilated  pelvis, 
and  into  this  the  opaque  fluid  is  injected. 
This  dilution  of  the  opaque  fluid  produces 
a  poor  shadow.  Before  injecting  the  opaque 
fluid  the  film  is  placed  in  position  and  the 
tube  adjusted.  If  compression  is  required 
this  is  applied  now,  so  that  no  further 
manipulation  is  necessary,  and  no  time  is 
wasted  after  the  renal  pelvis  is  filled  before 
making  the  exposure.  The  examination 
ha^•ing  been  completed,  the  renal  pelvis  is 
at  once  emptied  of  its  contents,  by  suction 
with  the  syringe.  Should  it  be  necessary 
to  have  the  film  developed  and  the  catheter 
retained  for  further  exposure,  the  pelvis 
is  emptied  by  means  of  the  syringe  and  the 
catheter  allowed  to  remain  in  the  ureter 
in  the  interval. 

INTERPRETATION  OF  ANTEROPOSTERIOR  AND 
LATERAL    RADIOGRAMS    OR    PYELO- 
GRAMS    OF   THE    UPPER   ABDOMEN 

An  accurate  knowledge  of  the  size,  shape, 
position  and  relation  of  the  organs  in  tnis 
region  is  necessary  for  the  reading  of  the 
radiograms. - 

The  Ii\er,  gall-bladder  and  bile  ducts, 
the  kidney,  renal  pcK  is  and  upper  ureter, 
the  suprarenal  capsule,  the  pancreas  and 
the  pancreatic  duct,  the  duodenum  and 
hepatic  flexure  of  the  colon  and   certain 

ijThomson- Walker,  J.  Renal  Function  in  Urinary  Surgery. 
London,  1907. 

•  Knox,  R.  Radiography  in  the  Examination  of  the  Liver, 
Gall-bladder  and  Bile  Ducts.  London,  1919. 
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abdominal  lymphatic  glands  are  all 
crowded  into  a  comparatively  small  space, 
in  the  right  side  of  the  upper  abdomen,  and 
in  a  given  case  the  symptoms  and  the 
radiographic  findings  may  lead  to  a  dis- 
cussion in  regard  to  the  pathology  of  any 
of  these  organs.  A  few  notes  may  there- 
fore be  made  in  regard  to  the  organs  more 
commonly  concerned  in  obscure  cases. 

The  anatomical  points  upon  which 
localization  in  an  anteroposterior  view 
of  this  region  depends  are  the  last  two  ribs, 


is  obliquely  set  so  that  the  inner  border  of 
the  upper  and  lower  poles  closely  approxi- 
mates to  the  oblique  line  of  the  psoas 
muscle.  The  pelvis  lies  at  the  outer  border 
of  the  psoas  at  the  le\cl  of  the  transverse 
process  of  the  second  lumbar  vertebra. 
From  this  the  ureter  passes  downward  on 
to  the  transverse  processes  of  the  third, 
fourth,  and  fifth  lumbar  vertebrae.  This 
position  is  modified  by  respiration  and  by 
position.  With  full  expiration  the  upper 
pole  ascends  behind  the  twelfth  rib,  and 


Fig.  8.  Lateral  skiagram  of  case  of  calculus  in  the  com- 
mon bile  duct.  A  round  dense  shadow  situated 
well  in  front  of  the  vertebral  body. 

especially  the  twelfth  rib,  the  bodies  and 
transverse  processes  of  the  lumbar  verte- 
brae, the  crest  of  the  ilium  and  the  oblique 
outer  margin  of  the  psoas  muscle.  In  the 
lateral  view  the  ribs  give  no  help  except  to 
mark  the  twelfth  dorsal  vertebra.  The 
bodies  of  the  lumbar  vertebrae  and  the 
spines  of  these  vertebrae  are  the  anatomical 
structures  by  which  localization  is  esti- 
mated in  the  lateral  position.  The  iliac 
crest  obscures  some  part  of  the  field,  but 
does  not  help  in  the  localization. 

In  the  anteroposterior  position  the 
kidney  lies  in  the  upper  part  of  the  space 
bounded  by  the  twelfth  rib,  the  outer 
border  of  the  psoas  muscle  internally,  and 
the  crest  of  the  ilium  below.  The  long  axis 


Fig.  9.  Lateral  view   of  stones   free   in  gall-bladder. 

with  full  inspiration  the  kidney  descends 
about  half  the  breadth  of  a  lumbar  verte- 
bral body.  In  the  vertical  position  there 
is  a  similar  descent  of  the  kidney. 

The  shadow  of  a  normal  kidney  can  be 
recognized  in  a  radiogram  of  first  quality. 
The  lower  pole  and  the  inner  border  are 
most  evident,  and  the  upper  pole  less 
defined.  A  pyelogram  shows  the  lumbar 
segment  of  the  ureter,  the  pelvis  of  the 
kidney  and  the  calices. 

The  ureter  lies  on  the  transverse  proc- 
esses of  the  fifth  and  the  fourth  lumbar 
vertebrae,  and  on  the  tip  of  the  transverse 
process  of  the  third  lumbar  vertebra.  The 
pelvis  is  opposite  the  second  lumbar  trans- 
\erse  process  external  to  the  outer  border 
of  the  psoas  muscle. 
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In  the  normal  pelvis  and  calices  normally 
placed  the  following  five  points  should  be 
present.' 

1.  The  pelvis  is  trumpet-shaped,  the 
upper  and  inner  margin  being  vertical 
or  curving  gradually  outward,  while  the 
lower  or  outer  margin  curves  outward  on  a 
small  arc. 

2.  A  catheter  passed  up  the  ureter  will 
pass  onward  vertically  or  with  a  gentle 
outward  curve  to  enter  the  upper  calyx. 

3.  The  calices  seen  in  profile  have  a 
constricted  neck  and  a  terminal  cup  into 


5.  The  ureter  passes  so  gradually  into 
the  pelvis  that  no  definite  point  can  be 
distinguished  as  representing  the  uretero- 
pelvic  junction.  Where  the  junction  is 
marked  by  a  sudden  change  of  contour 
the  condition  is  abnormal. 

In  the  lateral  view  the  kidney  lies  on  the 
sides  of  the  bodies  of  the  first,  second  and 
upper  part  of  the  third  lumbar  vertebrae. 
Its  shadow  cannot,  even  in  a  radiogram  of 
first  quality,  be  defined.  In  a  pyelogram 
with  opaque  catheter  in  the  ureter,  the 
pelvis  and  abdominal  segment  of  the 
ureter  are  shown.  The  pelvis  throws  an 
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Fig.  10.  l.nliTal  view  of  gall-bladdfr  with  gall-stones  in 
duct  and  detritus  at  fundus. 

which  the  apex  of  the  pyramid  projects. 
Seen  in  face  either  looking  toward  the 
plate  or  away  from  it  a  calyx  appears  as  a 
round  dark  area  with  a  lighter  center. 
The  calices]  seen  in  profile  are  more  easily 
recognized  than  those  in  face. 

In  some  negatives  all  the  calices  are 
taken  in  profile.  Usually  one  or  two  calices 
are  seen  in  face.  It  may  very  rarely  happen 
that  all  the  calices  are  taken  in  face. 

4.  The  outer  border  of  the  upper  ureter, 
the  lower  border  of  the  pelvis,  and  the 
inner  border  of  the  lowest  calyx  form  a 
curve,  the  uretero-calicinc  curve,  which 
amounts  to  half  a  circle.  Pronounced 
changes  in  this  cur\'c  arc  seen  in  dilatation 
of  the  pcUis  and  in  the  displacement  of  the 
kidney. 

'  Thomson- Walker.  J.  Cong,  internal.  As'in.,  Paris.  1921. 


Fig.  1 1.  Line  drawing  of  gall-bladder  showing  stone  at 
opening  of  cystic  duct,  drawn  from  the  antero- 
posterior view  of  Figure  10. 

elongated  oval  shadow  tapering  at  its 
lower  extremity  and  lying  in  the  shadow  of 
the  body  of  the  second  lumbar  vertebra. 
From  this  the  shadows  of  the  calices  pro- 
ject to  right  and  left,  that  is,  anteriorly  and 
posteriorly.  The  upper  calices  project  above 
the  shadow  of  the  pelvis  like  horns,  and  the 
lower  calices  downward  below  the  pelvis. 
The  ureter  passes  downward  and  forward, 
crossing  the  body  of  the  third  lumbar  ver- 
tebra, and  reaching  the  line  of  the  anterior 
border  at  the  lower  border  of  the  third  and 
the  upper  border  of  the  fourth  lumbar  body. 
The  suprarenal  capsule  lies  in  the  angle 
between  the  twelfth  rib  and  the  body  of 
the  first  lumbar  vertebra,  but  it  may  lie 
higher  than  this  behind  the  twelfth  rib 
or  just  abo\c  it. 
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The  normal  gall-bladder  has  been  demon- 
strated on  several  occasions.  It  should  be 
the  aim  of  all  radiologists  to  show  the  lower 
border  of  the  hver  and  any  irregularity 
projecting  below  that  border.  If  a  normal 
gall-bladder  is  distended  with  bile,  it 
should  show  a  projecting  bulge  at  the  level 
of  the  ninth  costal  cartilage.  The  density 
may  not  be  greater  than  that  of  the  liver. 

In  the  majority  of  pathological  condi- 
tions affecting  the  gall-bladder,  including 
biliary  calculi,  the  accompanying  cholo- 
cvstitis  leads  to  a  thickening  of  the  whole 


between  the  twelfth  rib  and  the  psoas. 
The  space  between  the  inner  border  of  the 
pyriform  gall-bladder  shadow  and  the  outer 
border  of  the  psoas  shadow  is  much  greater 
than  that  between  the  kidney  and  the 
psoas.  Very  considerable  variations  are 
found  in  the  relation  of  the  gall-bladder  to 
the  bony  landmarks,  and  this  is  not 
always  due  to  the  varying  position  of  the 
gall-bladder,  for  the  twelfth  rib  may  be 
long  and  very  oblique,  so  that  the  costo- 
vertebral angle  is  narrow.  The  gall-bladder 
shadow  is  then  in  relation  to  the  twelfth 
rib  and  the  last  costal  space.  The  long  axis 


Fig.  12.  Lateral  view  showing  kidney  stones  on  verte- 
bral bodies  and  gall-stone  anterior  to  spine  and 
lower  down. 

of  the  wall  of  the  organ.  This  thickened  wall 
will  show  in  a  skiagram  which  is  of  the 
proper  quality. 

Where  the  shadows  of  a  collection  of  gall- 
stones are  demonstrated,  the  shape  of  the 
organ  may  be  distinguished.  The  position 
of  the  gall-bladder  varies  more  than  that 
of  the  kidney  in  different  individuals.  It 
may  occupy  the  space  between  the  twelfth 
rib  and  the  outer  border  of  the  psoas 
muscle  usually  occupied  by  the  kidney. 
The  shadow  is  an  elongated  pear-shape 
with  the  apex  abo^'e.  It  lies  nearer  to  the 
twelfth  rib  than  does  the  kidney  shadow, 
and  its  long  axis  is  not  parallel  to  the  outer 
border  of  the  psoas  muscle  shadow,  as  in 
that  of  the  kidney,  but  bisects  the  angle 


GALL    STONE 

Fig.  13.  Diagram  of  case  shown  In  Figure  12. 

may  be  more  vertical  or  more  transverse. 
In  the  lateral  view  the  gall-bladder  lies 
anterior  to  the  lumbar  vertebrae  and 
reaches  as  low  as  the  third  lumbar  ver- 
tebra. These  points  ascertained  by  radiog- 
raphy are  confirmed  by  a  study  of  the 
anatomy  of  a  cross-section  of  the  body  at 
this  region. 

VARIATIONS    IN    DISEASED    CONDITIONS 

While  the  preceding  descriptions  hold 
good  for  cases  where  little  change  has 
occurred  in  the  size  or  position  of  the 
organs,  some  variations  may  be  brought 
about  by  disease.  The  movable  kidney 
has  a  wide  excursion,  and  may  be  found 
partly  below  the  iliac  crest  in  the  antero- 
posterior view.   It  should  be  noted  that 
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mobility  of  the  kidney  may  change  the 
relation  of  the  organ  to  the  vertebral 
bodies  in  lateral  radiography.  If  a  patient 
with  a  movable  kidney  is  turned  on  the 
side,  the  organ  falls  forward,  and  a  stone 
shadow  may  be  thrown  in  front  of  the 
anterior  margin  of  the  bodies  of  the 
vertebrae.  It  is  obvious,  therefore,  that 
the  lateral  view  must  be  taken  with  the 
patient  lying  on  his  back  in  order  to  avoid 
this  displacement. 

When  the  kidney  is  greatly  enlarged  as 
in  pyonephrosis,  the  organ  rises  out  of  the 
paravertebral  hollow,  and  with  the  patient 
lying  on  the  back,  stone  shadows  in  such  a 
kidney  may  appear  in  front  of  the  ver- 
tebral bodies  in  the  lateral  view.  There  is, 
however,  little  difficulty  in  diagnosis  in 
such  cases,  for  the  kidney  that  has  reached 
this  size  is  readily  palpable,  and  easily 
recognized. 

The  wall  of  the  gall-bladder,  which  is  the 
seat  of  chronic  inflammation,  is  thickened, 
and  frequently  throws  a  shadow  compar- 
able in  density  to  that  of  the  kidney,  so 
that  the  outline  can  be  traced  in  the 
skiagrams.  It  does  not  follow,  however, 
that  where  a  definite  shadow  of  the  gall- 
bladder is  shown  the  organ  is  necessarily 
pathological.  A  normal  gall-bladder  which 
is  dilated  with  bile  and  projects  well 
below  the  border  of  the  liver,  will  be  shown 
in  a  negative  of  good  quality.  Attention 
was  first  called  to  this  point  by  the  work 
of  Leonard  and  George  on  "The  Patho- 
logical Gall-bladder,"  and  our  experience 
confirms  this  obser\'ation.  Failure  to  appre- 
ciate this  important  fact  has  led  to  the 
exploration  of  a  normal  gall-bladder  under 
the  mistaken  impression  that  a  defined  gall- 
bladder shadow  in  a  skiagram  must  indicate 
a  pathological  condition. 

In  order  to  attain  familiarity  with  the 
possibilities  of  demonstrating  the  normal 
gall-bladder,  a  large  number  of  negatives 
of  this  region  should  be  carefully  examined. 
It  will  then  become  apparent  that  the  out- 
line of  the  gall-bladder  is  shown  in  a  con- 
siderable proportion  of  these. 

The  gall-bladder  which  contains  gall- 
stones may  be  so  enlarged  as  to  project 
well  below  the  level  of  the  kidney  in  the 
anteroposterior  view,  and  in  the  lateral, 
reaching  as  low  as  the  middle  of  the  bodv 


of  the  fourth  lumbar  vertebra.  When 
greatly  distended,  it  loses  its  pear  shape 
and  becomes  more  rounded,  but  it  never 
assumes  the  shape  and  outline  of  the 
kidney.  It  may  occupy  practically  the  same 
area  as  the  kidney,  and  if  only  the  lower 
half  of  the  gall-bladder  shadow  is  seen  it 
might  easily  be  mistaken  for  the  lower  pole 
of  the  kidney. 

In  chronic  cholecystitis  adhesions  form 
between  the  gall-bladder  and  the  surround- 
ing structures,  and  these  tend  to  modify  its 
shape  when  it  is  distended  with  bile, 
mucus  or  mucopus.  It  may  assume  a 
sausage  shape,  or  have  a  curved  outline, 
the  curvature  being  partly  outward  and 
partly  inward.  When  the  gall-bladder  is 
distended  with  fluid  and  contains  gall- 
stones, its  shape  as  seen  in  the  skiagram 
may  vary  from  time  to  time.  \\  hen  the 
fluid  contents  are  expelled  it  contracts. 
Thus  it  may  be  pear-shaped  at  one  exami- 
nation and  sausage-shaped  at  a  subsequent 
one.  The  organ  may  become  fixed  by 
adhesions  to  the  duodenum  or  colon,  so 
that  the  direction  of  the  shadow  will  vary 
and  instead  of  pointing  directly  downward 
or  down\\ard  and  outward,  it  is  displaced 
inward. 

Very  rarely  when  inflammatory  condi- 
tions have  subsided,  calcareous  deposits 
may  form  in  the  walls  and  throw  a  shadow 
in  the  radiogram.  This  may  simulate 
calcareous  deposit  on  the  wall  of  a  liver 
abscess  which  has  subsided,  and  it  is 
diflicult  to  difTerentiate  between  the  two. 

A  small  hydatid  cyst  may  cause  difii- 
culty.  The  clinical  history  will  be  an 
important  factor  in  deciding  the  nature  of 
the  shadow.  The  hepatic  flexure  of  the 
colon  passes  across  the  kidney  and  the 
pelvis  in  the  anteroposterior  \iew,  and  if 
the  preparation  of  the  patient  has  been 
imperfect  or  inadequate  the  kidney  shadow 
may  be  obliterated  by  gas  distention  of  the 
bowels.  We  ha\e  found  that  salts  are 
liable  to  cause  troublesome  gas  distention 
of  the  colon.  The  best  method  of  prepara- 
tion is  to  give  small  doses  of  castor-oil, 
licorice  powder,  cascara  or  coniection  of 
senna  on  two  nights  before  the  examina- 
tion, with  a  low  diet  for  a  day,  and  avoid- 
ance of  food  on  the  morning  of  examination. 
In    the    lateral    view    the    hepatic    flexure 
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of  the  colon  will  be  seen  in  front  of  the 
second  and  third  lumbar  vertebrae,  lying 
immediately  over  the  pelvis  of  the  kidney 
in  a  lateral  pyelography. 

PSOAS    ABSCESS 

Though  not  at  all  common,  this  condi- 
tion in  certain  forms  may  throw  a  shadow 
which  simulates  a  distended  gall-bladder. 
Of  a  large  number  of  cases  of  spinal  caries 
examined,  only  one  was  found  which  could 
give  rise  to  difficulty  in  diagnosis.  The 
chief  diagnostic  point  is  the  presence  ot 


diagnosis  of  psoas  abscess  was  made,  and 
confirmed  by  operation. 

SHADOWS       IN      THE       KIDNEY      AND      GALL- 
BLADDER 

So  far  as  radiology  is  concerned,  there 
are  a  number  of  pathological  conditions 
which  present  themselves  for  diagnosis  in 
a  limited  area  in  the  upper  abdomen.  Of 
these,  lesions  of  the  kidney  and  ureter 
come  first  in  order  of  importance  and 
frequency  of  occurrence.  Next  to  the 
kidney  come  lesions  of  the  gall-bladder  and 
bile  ducts,  and  then  lesions  of  the  pancreas, 
particularly  calculus  of  the  pancreatic  duct. 
The  duodenum  may  also  have  to  be  con- 


FiG.  14.  Lateral  pyelogram  of  case  of  small  shadows  in 
kidney  and  gall-bladder  region. 

caries  of  the  spine  at  a  higher  level  than 
the  abscess.  The  shadow  of  the  abscess 
may  be  long  and  pear-shaped,  and  present 
a  decided  curve  in  its  outline.  In  the 
case  referred  to  there  existed  unmistak- 
able evidence  of  spinal  caries  involving 
two  or  three  of  the  bodies  of  the  dorsal 
vertebrae.  The  abscess  presented  a  long 
banana-shaped  form,  narrow  at  its  upper 
extremity  and  widening  as  it  proceeded 
downwards,  until  at  the  level  of  the  pubic 
arch  it  showed  a  definite  rounded  outline. 
The  sac  of  the  abscess  was  distended  with 
pus  and  debris,  and  in  no  part  was  there 
any  indication  of  a  varying  density  such 
as   would   be   shown   by   gall-stones.   The 


Fig.  15.  Lateral  view.  An  irregular  dense  shadow  in 
front  of  the  interspace  between  third  and  fourth 
lumbar  vertebrae,  .'9  in.  in  front  of  the  anterior 
aspect  of  the  bodies  of  the  lumbar  vertebrae. 
Calcareous  gland. 

sidered,  and  lesions  of  the  suprarenal 
glands,  such  as  calcareous  deposit  or 
growth,  are  occasionally  the  subject  of 
diagnosis.  Lesions  of  the  liver,  especially 
if  chronic,  and  the  seat  of  degenerative 
calcareous  changes,  will  at  times  present 
difficulties  in  dift'erentiation.  Calcification 
in  the  lymphatic  glands  will  throw  dense 
shadows,  which  may  be  confused  with 
renal   or   biliary    calculi.    Calcification   of 
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areas  of  the  aortic  walls  may  give  doubtful 
shadows,  as  will  also  dilatation  of  the 
abdominal  aorta  in  that  region.  Foreign 
bodies  in  the  stomach  and  intestines  may 
lead  to  discussion,  but  are  easy  to  identify. 
The  chief  radiographic  difficulty  is  to 
distinguish  between  renal  and  gall-bladder 
lesions,  especially  calculi  in  these  organs. 
A  urinary  stone  throws  a  uniformly  dense 
shadow  in  the  position  of  the  calices,  the 
renal  pelvis  or  the  upper  ureter.  A  gall- 
stone throws  a  shadow  in  the  area  of  the 
gall-bladder  or  bile  ducts,  which  is  not 
generally  uniformly  opaque.  There  are 
many  exceptions  to  these  statements,  and 
moreover,  kidney  and  gall-bladder  areas 
overlap.  It  follows  that  difficulties  arise 
in  recognizing  the  nature  and  position  of 
these  shadows.  To  these  difficulties  we 
wish  to  refer. 

THE  POSITION  OF  A  SHADOW  IN  THE  KIDNEY- 
GALL-BLADDER    AREA 

The  stereoscopic  method  has  many 
valuable  applications  and  the  measure  of 
success  to  which  it  may  be  used  by  an 
expert  was  demonstrated  by  the  late  Dr. 
Macleod  of  Shanghai.^ 

The  method  is  open  to  the  grave  objec- 
tion that  an  accurate  result  can  only  be 
obtained  where  the  two  negatives  are 
taken  with  a  xevy  short  interval  between 
the  exposures.  The  slightest  movement, 
respiratory  or  otherwise,  on  the  part  of  the 
patient  between  the  exposures,  may  lead 
to  serious  error  in  the  subsequent  calcula- 
tions. And  when  all  has  been  accomplished 
it  is  only  possible  to  say  that  the  calculus 
lies  at  a  definite  depth  from  the  skin  surface 
which  during  the  exposure  was  in  juxtaposi- 
tion with  the  sensiti\e  surface  of  the  film  or 
plate.  To  localize  accurately  the  depth 
of  the  shadow  from  the  surface  is  neverthe- 
less of  definite  clinical  value,  and  where 
the  diflerent  organs  lie  in  superimposed 
planes  the  knowledge  of  the  plane  pro]:)er 
to  each  organ  \\ ill  gi\e  an  additional  factor 
necessary  for  the  localization  in  one  or 
other  organ. 

The  valuable  table  prepared  by  Dr.  ,1. 
Metcalfe  and  the  late  Dr.  Keys  Wells 
gi\-es  the  following  data,  which  are  useful 

'  Macleod,  Xei!.  An  unexpected  solution  of  a  pelvic  radiograph 
problem.  Arch.  Radiol,  ir  l-Jniniili.,  l.ui..  loji.  xxv.  33.\. 


in  estimating  depth  measurements  either 
in  stereoscopy  or  with  negati\es  obtained 
in  three  positions: 

Thickness  of  abdominal  wall  from  back 
to: 

1.  Transverse  process  of  third  lumbar 
vertebra  =  4  to  5  cm. 

2.  Anterior  level  of  third  lumbar  ver- 
tebra =  1 1  cm. 

3.  Anterior  level  of  psoas  muscle  =  15 
cm. 

From  these  data  It  is  possible  to  esti- 
mate whether  a  shadow  representing  a 
stone  is  Inside  or  outside  a  kidney  which  Is 
normal  In  position  and  size.  The  position 
of  the  gall-bladder  in  relation  to  the 
abdominal  wall  Is  not  given  In  this  table. 
If  the  thickness  of  the  abdominal  wall  at  a 
point  I  cm.  on  either  side  of  the  middle 
line  at  the  level  of  the  umbilicus  Is  taken 
as  3  cm.,  the  fundus  of  the  gall-bladder 
Is  known  to  lie  close  to  the  posterior  sur- 
face of  the  anterior  abdominal  wall.  The 
gall-bladder  Is  from  -  to  10  cm.  long,  and 
Is  directed  backward  and  toward  the 
middle  line.  A  gall-stone  may  therefore  be 
situated  at  any  point  between  3  cm.  and 
13  cm.  from  the  anterior  surface  of  the 
abdomen.  It  must  be  admitted,  howe^■er, 
that  the  organs  do  not  occupy  exactly 
superimposed  planes,  but  have  a  much 
less  regular  relationship;  and  further,  an 
organ  such  as  the  kidney  does  not,  on 
account  of  Its  mobility  or  abnormal 
mobility,  or  from  Its  enlargement  in  dis- 
ease, necessarily  occupy'  the  plane  nor- 
mally assigned  to  it,  or  retain  Its  accepted 
relationship  to  other  organs.  It  follows, 
therefore,  that  there  are  limitations  In  the 
stereoscopic  method  that  do  not  apply  to 
the  lateral  method. 

A  gall-stone  situated  at  the  neck  of  the 
gall-bladder,  or  In  the  cystic  or  common  duct 
will  have  a  position  \ery  ditferent  from  that 
of  a  stone  In  the  body  of  the  gall-bladder, 
especially  If  the  latter  Is  distended  and  dis- 
placed forward  and  downward.  It  may  be 
in  front  of  the  kidney  shadow  and  cause 
great  difficulty  in  diagnosis,  even  when  all 
positions  are  employed.  The  stone  in  the 
common  duct  will  lie  just  In  front  of  the 
anterior  border  of  the  lumbar  vertebrae 
\\  hen  the  patient  is  examined  in  the  lateral 
position. 
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Some  of  the  difficulties  that  arise  are 
illustrated  by  the  radiograms  obtained 
during  the  examination  of  a  case  which 
came  under  the  notice  of  the  writers. 
Multiple  shadows  were  shown.  It  was 
determined  definitely  that  a  large  shadow 
in  the  renal  region  was  due  to  a  calculus 
filling  the  renal  pelvis  and  extending  into 
the  calices.  At  the  lower  limit  of  the  renal 
calculus  a  large  oval  shadow  was  seen. 
This  had  a  central  opacity  surrounding 
which  was  a  less  opaque  area,  and  at  the 
extreme  periphery  an  irregularly  dense 
outline  was  seen.  (Figs.  12  and  13.)  Doubt 


tound  to  contain  large  calculi  in  branching 
arrangement.  The  gall-bladder  was  opened 
by  the  anterior  route,  and  one  large  and 
fifty  small  stones  were  remo\ed.  The 
examination  in  this  case  shows  how  very 
thorough  must  be  the  technique  when 
doubtful  conditions  exist.  In  the  radio- 
grams taken  in  the  anteroposterior  and  the 
posteroanterior  positions,  several  faint 
shadows  due  to  biliary  calculi  were  seen, 
but  the  majority  of  the  small  biliary  cal- 
culi were  lost  in  the  renal  shadow  and  that 
of  the  kidney  stone.  The  lateral  position 
and  the  opaque  catheter  gave  much  help 


Fig.    16.    Lateral    view    of   branching    kidn 


ey    ealciui. 


arose  regarding  this  shadow,  although  it 
certainly  had  the  characteristic  appearance 
of  a  large  gall-stone.  In  the  anteroposterior 
view  first  taken,  it  was  overlapped  in  part 
by  the  calculus  in  the  kidney,  and  the 
shadow  of  the  kidney  also  overlapped  it.  But 
in  a  subsequent  exposure  it  lay  below  the 
shadow  of  the  kidney  stone.  An  opaque 
catheter  was  introduced  into  the  ureter. 
It  passed  the  lower  shadow  and  entered  the 
kidney  at  the  upper  limit  of  the  renal  cal- 
culus. A  lateral  radiogram  showed  clearly 
that  the  doubtful  shadow  lay  in  front  of  the 
spine,  and  the  diagnosis  of  gall-stone 
was  made.  At  operation  the  kidney  was 
removed   by   the   lumbar   route,   and   was 


Fig.  17.  Lateral  \ie\v  of  stone  in  calyx  showing  stone 
shadow  behind  the  vertebral  bodies. 

in  the  diagnosis.  Stereoscopic  radiograms 
would  have  been  useful  in  this  case,  though 
it  is  doubtful  if  one  could  have  made  any 
definite  statement  unless  accurate  depth 
measurement  had  also  been  made. 

SIZE    AND    SHAPE 

Both  renal  and  biliary  calculi  may  attain 
a  very  large  size,  and  both  may,  when 
large,  have  an  oval  or  round  shape.  A 
large  round  or  oval  shadow,  if  thrown  by  a 
kidney  stone,  will  be  accompanied  by  a 
large  kidney,  which  is  readily  palpated  in 
the  loin,  for  in  such  cases  the  kidney  is 
usually  dilated  with  urine  or  pus.  It  may  be 
stated,  therefore,  that  where  a  large  oval 
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or  round  shadow  appears  in  the  loin  with- 
out urinary  symptoms  and  the  kidney  is 
not  palpable,  the  shadow  is  more  likely 
to  be  thrown  by  a  gall-stone  than  by  a 
kidney  stone.  There  are,  however,  some 
remarkable  exceptions  to  this  generaliza- 
tion. A  wedge-shaped  shadow  is  character- 
istic of  a  stone  in  the  renal  pelvis.  An 
irregular  or  branching  shadow  is  never  due 
to  a  biliary  calculus,  and  a  branching  shadow 
is  certainly  renal.  The  difTiculty  seldom 
arises  over  the  large  calculi,  but  over  a 
small  oval  or  round  shadow,  which  might 
be  thrown  by  a  renal  or  by  a  biliary 
calculus. 

DENSITY  AND  UNIFORMITY  OF  THE  SHADOWS 

A  renal  calculus  will,  as  a  rule,  throw  a 
heavier  shadow  than  a  biliary  calculus. 
A  renal  calculus  shadow  is  usually  homo- 
geneous, and  a  gall-stone  usually  shows 
some  detail  of  structure,  the  most  charac- 
teristic of  which  is  a  marginal  ring  of 
increased  density.  This  ring,  together  with 
a  central  nucleus,  gives  a  shadow  which 
is  peculiarly  characteristic  of  a  gall-stone. 
But  there  are  misleading  shadows  where 
the  character  of  the  renal  stone  shadow 
resembles  that  of  a  gall-stone.  An  example 
was  a  case  of  stone  in  the  kidney  where  the 
nucleus  and  denser  maigin  were  both 
clearly  seen,  and  \\  hich  gave  rise  to  serious 
doubt  regarding  its  position.  On  the 
other  hand,  a  gall-stone  may  give  a  very 
dense  shadow  which  would  indicate,  if  the 
density  were  taken  as  a  guide,  that  its 
position  was  in  the  kidney.  On  the  evi- 
dence of  such  a  uniformly  dense  rounded 
shadow  in  the  right  renal  region,  a  patient 
had  the  kidney  exploied  for  stone  with 
iiegati\e  results,  before  she  consulted  one 
of  the  writers.  When  examined,  she  com- 
plained of  pain  in  the  right  upper  abdomen, 
but  had  never  suffered  from  hematuria  or 
of  jaundice.  Pyelography  showed  that  the 
shadow  lay  a])art  irom  the  renal  pelvis  and 
calices,  and  the  gall-bladder  was  opened 
and(the  stone  removed. 

Taking  the  majority  of  shadows  of 
calculi,  it  may,  however,  be  assumed  that 
the  large  dense  homogeneous  shadow  is 
more  likely  to  be  due  to  calculus  in  the 
kidney  than  one  situated  in  the  gall- 
bladder, but  that  the  nature  and  appear- 


ance of  the  shadow  cannot  be  taken  as  an 
absolute  diagnostic  guide. 

Faint  shadows  in  the  gall-bladder  and 
kidney  regions  have  been  overlooked 
because  the  tj' pe  of  negative  does  not  show 
sufficient  detail.  When  the  negati\e  is  very 
dense  from  overexposure,  overdevelop- 
ment, or  both,  a  very  powerful  illuminant 
will  reveal  an  evidence  of  a  shadow  which 
should  be  helpful.  The  detail  of  gall-stones 
may  be  faintly  perceptible  to  ordinary 
\Tsion  in  ordinary  illumination,  and  oblique 
illumination  may  give  assistance.  Colored 
screens  may  be  interposed  between  the 
negative  and  the  source  of  illumination. 
Such  faint  shadows  have  generally  been 
attributed  to  bowel  contents  or  other 
extraneous  matter.  Experience  shows  that 
although  a  number  of  calculi  may  be 
present  in  the  gall-bladder,  only  a  small 
number  may  throw  a  shadow.  Yet  a  sin- 
gle distincti\"e  shadow  is  sufficient  for 
diagnosis. 

There  is  a  type  of  kidney  stone  that 
may  give  rise  to  considerable  difficulty 
in  obtaining  a  shadow,  and  when  a  shadow 
is  demonstrated  it  is  so  faint  that  doubt 
as  to  its  character  may  arise.  This  is  a  thin 
flat  stone  lying  with  its  flat  surfaces 
facing  anteroposteriorly.  Such  a  stone  is 
difficult  to  find  at  operation.  It  lies  wedged 
in  the  pelvis,  and  is  so  thin  that  it  cannot 
be  felt  on  palpation  outside  the  kidney  or 
pelvis.  It  is  easily  missed  with  an  exploring 
probe,  and  may  even  be  missed  by  the 
finger.  The  faintness  of  the  shadow  in 
these  cases,  when  the  final  diagnosis  rests 
upon  the  x-ray  examination,  always 
raises  the  question  as  to  whether  it  is  a 
gall-stone. 

It  has  been  pointed  out  by  Carman' 
that  gall-stones  may  be  of  less  density  than 
the  medium  in  which  they  lie,  and  under 
these  conditions  the  gall-stones  are  indi- 
cated by  an  area  of  less  opacity  than  the 
surrounding  structures.  They  will  there- 
fore show  on  the  negative  as  darker  areas. 
And  this  especially  occurs  in  gallstones 
lying  in  a  bladder  distended  with  bile, 
pus,  or  mucopus.  In  this  relationship  it 
may  be  noted  that  Dr.  Simon  refers  to  a 
case  where  a  lesser  opacity  ga.\e  rise  to 

^  Carman,  R.  D.  The  Roentgen  Diagnosis  nf  Diseasfs  of  the 
.\hmentary  Canal.  Philadelphia.  1921. 
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suspieion  of  the  presence  of  a  stone  situated 
in  the  common  duct.  Similarly  in  the 
opaque  meal  examination,  a  deformity  of 
the  opaque  material  may  be  caused  by  a 
gall-stone  of  low  opacity. 

The  following  experiment  demonstrates 
conclusively  the  accuracy  of  these  observa- 
tions. A  large  gall-stone  composed  chiefly 
of  cholesterin  was  .v-rayed  in  the  usual 
way.  It  was  then  placed  against  a  film,  and 
a  box  containing  water  was  placed  between 
it  and  the  x-ray  tube.  A  very  definite 
"positive"    shadow    was    obtained.    The 


searching. 

In  this  relationship  it  is  interesting  to 
note  that  Dr.  Lynham,  whose  attention 
has  been  called  to  this  point  by  the  experi- 
mental work  described,  recently  diagnosed 
the  presence  of  gall-stones  on  the  negative 
shadow. 

GROUPING    OF    SHADOWS    AND    THE    EFFECT 
OF    RESPIRATION 

When  a  number  of  shadows  are  present, 
their  arrangement  will  conform,  to  some 
extent,  to  the  shape  and  axis  of  the  cavity 


Fig.  18.  Kidney  stone  resembling  gall-stone  in  lateral 
view,  excluding  gall-stone.  Both  kidneys  contained 
stones,  on  the  right  side  one  oval  calculus  had  the 
A-ray  appearance  of  a  gall-stone. 


Stone  was  now  wrapped  in  a  thin  sheet  of 
gutta-percha  tissue  and  placed  in  the  water 
close  to  the  distal  side  of  the  box.  The 
negati^■e  produced  a  "negative"  shadow. 
The  water  had  absorbed  relatively  more 
of  the  radiations  than  the  gall-stone.  The 
gall-stone  displaced  a  volume  of  water 
equal  to  its  bulk,  and  the  quantity  of  water 
so  displaced  had  a  relatively  higher  absorp- 
tion equivalent  than  the  gall-stone  which 
displaced  it.  It  is  therefore  possible  that  in 
examining  negatives  for  the  presence  of 
gall-stones,  we  look  for  the  wrong  type  of 
shadow,  and  may  altogether  miss  the 
stone  if  we  fail  to  realize  that  a  small 
"negative"  opacity  may  indicate  the 
presence  of  the  object  for  \\hich  we  are 


Fig.  19.  Large  gall-stone  in  lateral  view. 

in  which  they  lie.  Calculi  in  the  kidney  and 
calices  tend  to  radiate  outward  from  the 
position  of  the  pelvis  which  lies  at  the 
edges  of  the  psoas  at  the  level  of  the  trans- 
\erse  process  of  the  second  lumbar  \-ertebra. 
Shadows  in  the  gall-bladder,  on  the  other 
hand,  radiate  downward  or  downward  and 
outward  from  the  angle  formed  by  the 
twelfth  rib  and  the  body  of  the  twelfth 
lumbar  vertebra.  Where  a  line  of  calculi 
can  be  traced,  therefore,  the  line  of  the 
renal  calculi  would  tend  to  cross  that  of 
the  biliary  calculi. 

In  a  male  patient  there  had  been  two 
operations  on  the  kidney  for  mobility  and 
an  abdominal  exploration,  and  indefinite 
pain  persisted  over  the  right  upper  abdo- 
men. The  x-ray  examination  showed  tour 
small  shadows  lying  like  a  string  of  beads 
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in  tlic  kidney-gall-bladder  area.  Pyelog- 
raphy showed  a  normal  renal  pelvis,  and 
demonstrated  the  calices  except  the  upper 
calyx,  the  position  and  direction  of  which, 
radiating  from  the  pelvis,  was  represented 
by  the  string  of  shadows.  The  axis  of  this 
line  of  shadows  crossed  that  which  would 
represent  a  string  of  calculi  in  the  gall- 
bladder ducts.  The  shadows  were  also 
denser  and  more  uniformly  opaque  than 
would  be  expected  in  gall-bladder  stone 
shadows,  and  the  diagnosis  of  kidney 
stones  was  made  on  these  points,  and 
subsequently  confirmed  by  abdominal 
exploration  and  examination  of  the 
gall-bladder. 

The  grouping  of  a  large  mass  of  renal 
calculi  into  a  main  mass  in  the  pelvis  with 


B 


B 


Fig.  20.  Diagram  show- 
ing direction  of  move- 
ment of  kidney  stones. 


1]<,.  21.  Diagram  show- 
ing direction  of  move- 
ment of  gall-stones  in 
gall-bladder. 


radiating  branches  in  the  calices,  and 
the  mosaic  of  shadows  produced  by  the 
gall-bladder  filled  with  gall-stones,  are 
each  so  characteristic  of  the  respective 
organs  as  to  leave  no  margin  of  error.  In 
some  dillicult  cases  where  only  one  shadow 
is  present,  the  following  method  has  pro\ecl 
useful: 

Two  exposures  are  made  on  one  plate, 
the  one  in  full  expiration  and  the  other 
in  full  inspiration.  The  direction  and 
extent  of  movement  are  noted.  The 
kidnev  stone  moves  downward  and   out- 


ward, and  the  extent  of  the  movement  is 
less  than  that  of  the  gall-bladder  under 
the  same  conditions,  i.e.,  where  the  plate 
is  nearest  to  the  spine,  as  in  the  usual  kid- 
ney position.  The  movement  of  the  shadow 
of  the  gall-stone,  which  is  lying  free  in  the 
cavity  and  at  the  lowest  point  of  the  gall- 
bladder will  be  almost  directly  downward 
with  a  slight  displacement  inward,  and 
will  show  a  greater  amount  of  movement. 
A  gall-stone  in  the  common  duct  or  the 
cystic  duct  is  fixed,  its  displacement  will 
be  less  marked  on  deep  inspiration,  and 
its  line  of  movement  will  approximate  that 
of  the  kidney  stone. 

PYELOGRAPHY 

By  pyelography  the  shadow  which  may 
lie  within  the  kidney  area,  and  actually 
within  the  limits  of  the  kidney  shadow, 
may  be  proved  to  lie  outside  the  kidney. 
The  shadow  of  a  kidney  stone  will  lie 
engulfed  in  or  at  least  be  continuous  with 
the  shadow  of  the  renal  pelvis  or  one  of  the 
calices.  A  shadow  which  lies  apart  from  the 
pelvis  or  calices,  as  shown  by  pyelography, 
is  not  thrown  by  a  renal  calculus.  The 
so-called  cortical  stone,  a  stone  embedded 
in  the  renal  cortex,  and  not  connected  with 
the  calyx,  has  no  existence  outside  the 
older  textbooks.  \\  here  therefore,  the 
suspicious  shadow  is  shown  to  lie  apart 
from  the  pelvis  and  calices  as  shown  by 
pyelography,  the  diagnosis  will  be  a  gall- 
stone and  not  a  kidney  stone. 

But  where  the  shadow  is  continuous 
with  or  superimposed  upon  a  calyx  or  the 
pelvis,  the  stone  may  be,  and  usually  is, 
a  kidney  stone.  Fallacies  do  exist  in  regard 
to  this  point,  but  they  are  cleared  up  by 
the  lateral  position. 

W  here  pyelography  shows  the  presence 
of  a  stone  in  the  kidney,  the  localization  of 
the  stone  to  the  calyx  in  which  it  lies, 
or  to  the  peK  is,  is  accurate  and  of  much 
assistance  to  the  surgeon  when  the  stone 
is  small  and  its  removal  is  proposed.  But 
here  again  there  is  a  source  of  fallacy,  for 
in  the  experience  of  the  writers  a  small 
stone  demonstrated  by  pyelography  to 
lie  in  a  calyx  at  the  upper  pole,  may  be 
found  at  operation  to  lie  in  a  calyx  at  the 
lower  pole,  or  in  the  pelvis.  Too  much 
reliance,  therefore,  cannot  be  placed  upon 
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this    form    of   localization    as    an    aid    to 
operation. 

With  an  opaque  catheter  in  the  ureter 
and  the  renal  pelvis  filled  with  opaque 
material,  the  shadows  thrown  by  calcified 
glands  are  conclusively  shown  to  lie  extra- 
renal, and  where  a  single  shadow  is  present, 
there  is  no  difficulty  in  demonstrating  that 
it  is  outside  the  ureter. 

LATERAL   RADIOGRAPHY    AND    PYELOGRAPHY 

In  lateral  radiography  with  the  kidney 
in  its  normal  position,  and  where  no  great 
enlargement  of  the  organ  is  present, 
a  kidney  stone  will  throw  a  shadow  on  that 
of  the  body  of  the  second  lumbar  ^■ertebra. 
A.  stone  occupying  the  extreme  limit  of  a 
calyx  may  throw  a  shadow  which  appears 
behind  the  body  of  the  vertebra,  but  this 
is  a  rare  finding,  and  will  not  gi^'e  rise  to 
confusion  with  any  other  shadow.  The 
two  conditions  which  may  cause  confusion 
with  the  shadow  of  a  kidney  stone,  are 
gall-stones  and  calcified  abdominal  glands. 
The  gall-stone  shadow  lies  well  in  front  of 
the  shadow  of  the  vertebral  bodies,  usual!}' 
at  the  level  of  the  upper  three  lumbar 
vertebrae,  but  sometimes  as  low  as  the 
fourth  lumbar  vertebra. 

The  shadows  of  calcified  abdominal 
glands  may  lie  in  the  kidney  region,  but 
usually  they  are  lower  down,  and  in  the 
lateral  view  in  front  of  the  bodies  of  the 
third  or  fourth  lumbar  vertebrae.  An 
example  of  such  a  condition  was  a  lady 
who  had,  a  few  years  previously,  been 
operated  upon  for  stone  in  the  right 
kidney.  The  kidney  and  stone  had  been 
removed.  Recently  she  experienced  symp- 
toms similar  to  those  previously  com- 
plained of,  and  a  doubt  existed  as  to  their 
cause.  A  negative  in  the  anteroposterior 
position  showed  a  large  shadow  in  the 
renal  region,  situated  near  the  position  of 
the  lower  pole  of  the  left  kidney,  and  lying 
in  front  of  the  ureter.  A  lateral  roentgeno- 
gram demonstrated  the  shadow  some 
distance  in  front  of  the  ureter,  and  there- 
fore not  causing  pressure  symptoms. 

In  cases  where  any  doubt  exists  as  to 
whether  a  shadow  or  group  of  shadows  is 
thrown  by  renal  calculi  or  by  calcified 
glands,  anteroposterior  and  lateral  pyelog- 
raphy should   be    carried  out.  The  exact 


relation  of  the  renal  peKis  and  of  the 
ureter  to  the  doubtful  shadows  is  demon- 
strated clearly. 

Objections  have  been  raised  to  the  use 
of  the  lateral  method.  It  is  difficult  to  get 
satisfactory  negatives  in  stout  patients. 
This  is  a  matter  of  technique  and  applies 
to  the  anteroposterior  as  well  as  to  the 
lateral  position.  An  improving  technique 
will  show  an  increasing  number  of  suc- 
cessful lateral  radiograms  in  stout  patients. 
It  is  stated  that  it  is  not  possible  to  dem- 
onstrate gall-stones  in  the  lateral  position. 
This  is  not  the  case.  It  is  not  possible  to 
show  all  the  gall-stones  in  either  position, 
but  a  gall-stone,  which  in  the  antero- 
posterior or  posteroanterior  position  shows 
a  definite  shadow,  should  be  almost  as 
readily  shown  when  a  good  lateral  negative 
is  produced.  Most  renal  stones  will  show  in 
the  lateral  position  through  the  shadow 
of  the  spine.  Should  a  shadow  which  is 
verj'  distinct  in  either  or  both  of  the  first 
two  positions,  not  appear  in  front  of  the 
spine  in  the  lateral,  we  may  be  reasonably 
certain  it  is  not  a  gall-stone.  It  may  have 
been  lost  in  the  shadow  of  the  vertebral 
bodies,  but  if  it  occupies  that  position,  it 
is  not  a  gall-stone.  An  exception  which 
might  cause  some  difficulty  would  be  a 
small  gall-stone  in  the  common  duct  close 
to  the  duodenum.  The  shadow  might  be 
near  enough  to  the  spine  to  suggest  the 
possibility  of  a  kidney  stone.  Pyelography 
is  of  great  value  in  such  a  case.  The  clinical 
symptoms  may  decide  the  diagnosis  apart 
from  the  x-ray  examination,  but  explora- 
tion may  be  necessary  to  settle  the  diagno- 
sis. A  practical  point  of  some  importance 
in  the  technique  of  gall-bladder  and  kidney 
radiography  is  to  realize  the  type  of  nega- 
ti\e  at  which  it  is  desirable  to  aim.  The 
earlier  kidney  radiography  led  to  the 
production  of  a  number  of  first-class  nega- 
tives of  that  region,  and  no  better  tech- 
nical work  has  been  produced  in  recent 
years.  The  detail  of  bone  is  remarkably 
good  in  these  negatives,  the  aim  of  most 
workers  being  to  produce  a  high-class 
negative  with  strong  contrasts  in  the  bones. 
This  type  of  negative  is  quite  good  for  the 
demonstration  of  stones  of  considerable 
density  and  of  fairly  large  size.  The  smaller 
and  less  dense  stones  are  likely  to  be  missed, 
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while  gall-stones  are  rarely  shown  in  this  the  bone  detail  being  a  secondary  con- 
type  of  negative.  It  is  considered  better  sideratlon.  In  development  it  is  well  not  to 
in  later  work  to  aim  at  a  negative  which  carry  the  process  too  far,  as  a  fairly  thin 
will  give  good  detail  in  the  softer  parts,  negative  is  required. 
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SAN    FRANCISCO,    CALIFORNIA 


AHAST^  and  more  or  less  superfi- 
cial search  of  the  literature  has 
revealed  very  few  references  to  the  subject 
of  mediastinal  abscess  in  the  general 
medical  literature  and  practically  nothing 
on  the  roentgenological  aspects  of  the 
condition.  Where  the  subject  is  mentioned 
it   is  usually  the  chronic,  so-called  "cold 


abscesses,"  associated  with  tuberculosis 
of  the  spine,  which  arc  referred  to. 

That  the  condition  is  not  a  common  one 
is  shown  by  the  fact  that  there  were  only 
2  cases  in  more  than  600  children  whose 
chests  were  examined  In  the  .\-ray  depart- 
ment of  Children's  Hospital  In  the  last  two 
years,  and  only  2  have  been  found  in  the 
University  of  California  Hospital. 

In  view  of  these  facts  I  have  thought  it 
worth  while  to  put  these  cases  on  record. 


Case  I.  Female,  aged  eight  years. 
Entered  the  University  of  California  Hospi- 
tal June  3,  1919,  with  a  diagnosis  of 
bronchopneumonia.  This  condition  gradu- 
ally cleared  up  and  the  temperature 
dropped  to  normal.  After  a  few  days  the 
temperature  came  up  again  with  a  septic 
swing.  The  child  was  sent  to  the  roent- 
gen-ray  department  on  June  i6th  for  ex- 
amination for  a  suspected  empyema.  The 
roentgenogram  (Fig.  i)  showed  a  shadow  of 
increased  density  on  the  right,  continuous 
with  the  posterior  mediastinum  and  extend- 
ing outward  into  the  right  chest.  The  outer 
border  was  sharply  outlined  but  It  faded 
out  and  became  indistinct  above.  These 
findings  remained  constant  for  about  three 
weeks  but  the  child  did  not  improve. 
Accordingly,  on  July  loth  the  tenth  rib 
on  the  right  was  resected  close  to  the  spine, 
and  the  abscess  found  and  drained.  The 
temperature  immediately  dropped  to 
normal  and  remained  there  for  several 
days.  However,  on  July  i8th  the  tempera- 
ture rose  again,  due  to  a  recurrence  of  the 
bronchopneumonia,  and  the  child  died 
July  23rd.  No  post-mortem  was  obtained. 

Case  II.  Female,  aged  eleven  years. 
Was  admitted  to  Children's  Hospital  Jan. 
10,  1922,  with  an  entrance  diagnosis  of 
empyema.  There  was  a  history  of  lobar 
pneumonia  in  the  right  lower  and  left 
upper  lobes  beginning  two  weeks  previous 
to  entry.  Five  days  prexious  to  entry  the 
temperature  dropped  to  normal  and  then 
came  up  again  with  a  septic  swing.  Roent- 
gen examination  on  Jan.  nth  (,Fio-  -) 
showed  an  empyema  on  the  right  with  a 
second  shadow  projecting  beyond  the  right 
border  of  the  sternum  and  with  a  well- 
defined    right    border   which    was    visible 
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through   the   empyema   shadow   and    was      worse.  The  entrance  diagnosis  was  broncho- 
somewhat   nodular    in    outHne.    This    was     pneumonia.  A  roentgenogram  taken  a  few 


Fig.  2.  Case  II  before  drainage  of  pleural  sac. 

thought  to  be  a  mass  of  substernal  glands. 
A  rib  was  resected  and  the  empyema 
drained  on  Jan.  12th.,  after  which  the 
temperature  dropped  almost  to  normal 
for  two  days  and  then  came  up  again. 
The  child  did  very  badly  for  several  days 
in  spite  of  good  drainage  from  the  wound. 
A  second  .v-ray  examination  (Fig.  3)  showed 
good  drainage  of  the  empyema  cavity,  but 
the  substernal  shadow  was  still  present.  On 
the  morning  of  Feb.  7th,  while  the  nurse 
was  doing  the  dressing,  the  child  coughed 
and  there  was  a  sudden  profuse  discharge  of 
pus  from  the  wound.  A  roentgenogram  was 
made  immediately  and  the  substernal 
shadow  was  found  to  have  diminished 
markedly  in  size.  There  was  profuse 
drainage  for  several  days,  after  which  the 
temperature  returned  to  normal  and  drain- 
age gradually  ceased.  Convalescence  was 
rapid,  and  a  roentgenogram  taken  March 
17th  (Fig.  4)  showed  the  chest  clear  except 
for  some  thickening  of  the  pleura. 

Case  III.  Male,  aged  eight  months. 
Was  admitted  to  Children's  Hospital  Feb. 
19,  1922,  with  a  history  of  an  acute  respira- 
tory tract  infection  of  two  weeks'  duration 
which  had  been  treated  by  a  Chinese 
doctor  and  which   liad   suddenly   become 


Fig.  3.  Case  II  alter  drainage,  showing  separate 
substernal  accumulation. 

days  after  entry  showed  a  bronchopneu- 
monia    and     a     sharply-outlined    shadow 


II  follovvins  recovery. 


apparently  continuous  with  the  posterior 
mediastinum  and  extending  into  the  right 
chest  in  the  region  of  the  right  upper  lobe. 
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This  plate  has  unfortunately  been  lost  or 
misplaced.  The  shadow  gradually  increased 
in  size  until  it  reached  the  dimensions 
shown  in  Figure  5.  On  March  9th  a  thora- 
centesis was  done  posteriorly  at  the  le\el 
of  the  fourth  dorsal  vertebra  as  close  to  the 
spine  as  possible,  and  pus  was  obtained. 
This   was   repeated   several  times  in   the 


Fig.  5.  Case  III. 

next  few  days,  and  pus  obtained  each  time. 
On  March  26th  a  large  trochar  was  passed 
in  and  a  great  amount  of  purulent  fluid  with- 
drawn. The  temperature  rapidly  dropped 
to  normal  after  this  and  convalescence  was 
rapid  and  complete. 

Case  IV.  Female,  aged  sixteen. 
Entered  Hahnemann  Hospital  March  2, 
1922.  There  was  a  history  of  a  severe  sore 
throat  complicated  by  an  edema  of  the 
larynx  requiring  an  emergency  tracheot- 
omy ten  days  previous  to  admission. 
The  tracheotomy  tube  had  slipped  out  the 


next  day,  allowing  some  of  the  purulent 
tracheal  secretion  to  escape  into",  the  soft 
tissues.  The  temperature  and  blood  count 
soon  began  to  rise  and  the  patient  was 


Fig.  6.  Case  IV. 

brought  to  the  hospital  with  a  diagnosis  of 
suspected  mediastinal  abscess.  A  roent- 
genogram taken  March  3rd  (Fig.  6)  shows 
a  well-defined  shadow  in  the  right  chest 
apparently  continuous  with  the  medias- 
tinum which  was  interpreted  as  a  medias- 
tinal abscess.  No  attempt  was  made  to 
drain  the  abscess  and  treatment  was  purely 
symptomatic.  The  temperature  stayed 
up  for  se\eral  days  and  then  gradually  fell 
to  normal.  The  patient  was  discharged  as 
well  March  30th,  but  there  was  no  change 
in  the  roentgen  appearance  of  the  shadow. 


EXAMINATION  OF  THE  POSTERIOR  MEDIASTINAL 
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PULMONARY  TUBERCULOSIS* 

BY    LLOYD    B.    CROW,    M.D. 

Ro'.ntgenologist,  Southern  Pacific  Railroad  General  Hospital 

SAN    FRANCISCO,    CALIFORNIA 


''I^HE  recognition  ot  early  pulmonary 
J-  tuberculosis,  notwithstanding  great 
ad\ance  in  our  knowledge  of  the  subject, 
is  still  frequently  most  ditticult,  especially 
in  those  cases  in  which  the  disease  does  not 
manifest  itself  by  any  physical  or  conclu- 
si\e  signs  in  the  chest.  It  lias,  therefore, 
been  my  endeavor  in  the  past  four  years  to 
find  some  roentgenological  sign  by  which 
the  early  and  obscure  manifestations  of  the 
disease  may  be  recognized  before  the  lung 
itself  shows  gross  morphological  change. 
If  it  be  possible  to  make  a  diagnosis  of 
pulmonary  tuberculosis,  based  on  recog- 
nized evidence  of  changes  other  than  lesions 
of  the  lungs  themselves,  it  is  obvious  that 
the  chances  for  the  patient's  recovery  will 
be  greatly  enhanced.  It  has,  at  times,  been 
my  privilege  to  give  the  physician  such 
evidence,  permitting  him  to  correlate 
the  early  clinical  manifestations  of  pul- 
monary tuberculosis  with  demonstratable 
lesions  outside  the  lungs.  This  I  believe 
can  be  accomplished  by  examination  of 
the  glands  in  the  posterior  mediastinum 
m  all  chest  examinations  when  pulmonary 
tuberculosis  is  suspected. 

The  lymphatic  vessels  of  the  lungs 
consist  of  two  sets,  the  superficial  and 
the  deep.  The  former  are  placed  beneath 
the  pleura  and  cover  the  outer  surface  of 
the  lung.  The  latter  accompany  the  blood- 
vessels and  run  along  the  bronchi,  where 
they  terminate  at  the  root  of  the  lung  or 
hilus  region.  These  glands  are  intimately 
connected  with  those  of  the  posterior 
mediastinum.  The  lymphatic  vessels  of  the 
esophagus  form  a  plexus  around  that  tube, 
traverse  the  glands  in  the  posterior  medias- 
tinum, and  after  communicating  with  the 
pulmonary  glands  and  vessels  at  the  root 
of  the  lung,  terminate  in  the  thoracic  duct. 
The  posterior  mediastinal  glands  are 
situated  in  the  areolar  tissue  of  the  poste- 
rior   mediastinum,    forming  a   continuous 


chain  by  the  side  of  the  aorta  and  the 
esophagus,  communicating  on  each  side 
with  the  intercostals  below,  and  with  the 
lumbar  glands  and  the  deep  cervical 
above. 

Therefore,  this  brief  study  of  the  lymphat- 
ics of  the  posterior  mediastinum  and  their 
connections  permits  one  to  note  the 
possibility  of  infection  from  the  naso- 
pharnyx  and  the  buccal  cavity  taking 
place  directly  to  the  hilices  of  the  lungs 
through  these  channels.  These  premises 
ha\e  led  me  to  make  a  complete  roentgeno- 
logical investigation  of  the  glands  of  the 
posterior  mediastinum  in  both  disease  and 
health.  Special  attention  has  been  paid  to 
changes  in  the  posterior  mediastinal  glands 
in  pulmonary  tuberculosis.  This  study  has 
aided  me  in  arriving  at  some  very  definite 
roentgenological  conclusions. 

I  shall  not  attempt  to  describe  any  of 
the  experimental  work  that  has  been  done 
in  the  way  of  determining  the  portals  of 
infection  in  pulmonary  tuberculosis,  as 
space  in  this  modest  monograph  does  not 
permit.  However,  I  will  say  that  some 
authors,  notably  some  of  the  French 
school,  believe  that  it  is  impossible  to 
infect  the  lungs  of  animals  directly  by  the 
respiratory  channels,  and  that  tuberculous 
infection  takes  place  by  other  channels 
than  those  of  the  respiratory  passages. 
These  premises  are  possible  when  a  thor- 
ough consideration  of  the  anatomy  of  the 
lymphatics  connecting  the  buccal  cavity 
with  the  hilus  of  the  lungs  is  made. 

Technique.  The  patient  stands  at  an 
angle  of  45  degrees,  with  the  left  scapula 
resting  against  the  fluoroscope  and  the 
right  shoulder  touching  the  screen.  This 
position  must  be  varied  in  order  that  the 
maximum  amount  of  space  between  the 
heart  and  the  vertebral  column  be  obtained 
in  the  visualization  of  the  postcardiac 
space.  This  is  done  by  rotating  the  patient 
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backward  and  forward  until  the  desired 
angle  is  obtained.  The  postcardiac  space 
is  first  visualized  with  the  open  diaphragm 
and  a  quick  survey  of  the  entire  field  is 
made.  If  considerable  infiltration  has 
taken  place,  the  whole  field  is  darkened 
and  very  little  fluorescence  takes  place  in 
this  portion  of  the  screen.  If  the  infiltration 
is  fairly  hea\'y,  a  distinct  chain  of  glands 
is  seen  extending  from  the  upper  portion 
of  the  space  to  the  hilus  region,  and  in  some 
cases  to  the  inferior  portion  of  the  space. 
When  the  infiltration  is  slight,  thin 
narrow  lines  are  seen  extending  downward 
throughout  the  space  like  strands  of  rope. 
In  some  instances  infiltration  is  limited 
to  the  glands  entering  the  hilices  of  the 
lungs,  the  glands  in  the  upper  and  lower 
portions  not  being  \isualized.  It  is  also 
true  that  many  normal  cases  show  infiltra- 
tion of  the  glands  in  the  postcardiac  space, 
but  when  these  are  present  there  is  usually 
a  history  of  some  recent  or  previous  lung 
involvement.  It  has  been  my  experience 
to  note  that  many  cases  of  recovered 
tuberculosis  show  involvement  of  the 
posterior  mediastinal  glands;  but  instead 
of  the  general  involvement  obstructing  the 
greater  portion  of  the  space,  as  seen  in 
active  cases,  these  cases  show  distinct 
rounded  shadows  forming  a  chain  giving 
the  appearance  of  scattered  shot  of  differ- 
ent calibrations. 

Advanced  cases  of  pulmonary  tuber- 
culosis usually,  but  not  always,  show 
involvement  of  the  postcardiac  glands. 
In  the  fulminating  type  I  have  seen  the 
postcardiac  space  present  almost  a  clear 
appearance.  In  these  cases  the  glands  are 
undoubtedly  ofTering  very  little  resistance 
to  the  advance  of  the  disease.  In  the 
chronic  fibroid  type  I  have  seen  the  post- 
cardiac space  filled  in  its  entirety,  due 
undoubtedly  to  a  great  effort  of  the 
organism  in  its  endea\or  to  block  the 
advancing  infection. 

My  first  attention  to  the  \alue  of  the 
examination  of  the  postcardiac  space  in 
the  early  diagnosis  of  pulmonary  tuber- 
culosis was  made  while  examining  a  young 
nurse  in  training,  who  had  been  brought 
to  the  radiological  department  of  the  San 
Francisco  (bounty  Hospital  for  special 
study  of  the  lung  fields,  it  appeared  that 


she  had  complained  for  three  months 
previous,  of  a  slight  cough  attended  by  a 
rise  in  the  evening  temperature.  As  this 
occurred  during  the  epidemic  of  influenza 
which  visited  San  Francisco  about  that 
time,  It  was  first  regarded  as  a  post- 
influenzal complication.  Repeated  physical 
examinations  had  been  made,  but  nothing 
had  been  determined  to  account  for  her 
subjecti\e  symptoms.  At  first  there  was  no 
loss  of  weight  and  the  patient  looked  in 
the  pink  of  condition. 

In  fluoroscoping  the  case  I  did  not 
notice  any  pathological  change  in  the 
lung  fields  themselves,  but  in  turning  the 
patient  from  the  anteroposterior  position 
to  the  posteroanterior  position,  I  vis- 
ualized, much  to  my  astonishment,  a 
large  clump  of  glands  in  the  posterior 
mediastinum,  m  its  upper  portion,  very 
heavily  infiltrated.  Those  in  the  inferior 
portion  of  the  space  were  less  infiltrated 
than  those  above.  This  heavy  thickening 
was  so  marked  that  I  was  at  first  tempted 
to  consider  a  possibility  of  Hodgkin's 
disease.  However,  after  careful  study  of 
the  case  I  made  a  report  stating  that  I 
considered  that  there  was  a  tuberculous 
infection  of  the  glands  in  the  posterior 
mediastinum  which  had,  as  yet,  not  broken 
into  the  lung  itself. 

Subsequent  to  this  examination  the 
clinical  picture  changed  in  some  respects. 
The  patient's  temperature  constantly  re- 
mained above  normal  and  medication 
apparently  had  no  favorable  effect  what- 
ever. I  advised  that  several  series  of 
radiations  be  given  over  the  posterior 
mediastinal  glands.  This  was  done,  and  after 
several  treatments  with  heavy  penetrating 
rays,  the  patient's  temperature  returned  to 
normal.  The  treatments  were  unfortu- 
nately discontinued  as  the  patient  was 
possessed  with  an  abnormal  fear  of  an 
x-ray  burn  and  absolutely  refused  to 
submit  to  any  further  radiation. 

I  lost  track  of  the  case  for  several 
months,  as  the  patient  was  sent  to  a 
sanitarium.  About  six  months  later  I  saw 
some  roentgenograms,  of  the  case  made  by 
another  roentgenologist.  In  these  studies 
definite  lung  changes  were  shown.  A 
positixe  diagnosis  of  pulmonary  tuber- 
culosis was  made  about  that  time  and  she 
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is    now    in    a    tuberculosis    sanitarium    in 
Colorado  Springs. 

In  reviewing  the  case  from  the  descrip- 
tion given  above  and  in  the  light  of  sub- 
sequent experience,  it  is  clear  to  me  that  a 
pro^•isional  diagnosis  of  puhnonary  tuber- 
culosis would  have  been  warranted  on 
account  of  the  mediastinal  changes,  having 
a  definite  connection  with  the  history  and 
physical  findings  of  the  case. 

SUMMARY 

As  a  negative  sign,  the  non-involvement 
of  the  glands  in  the  posterior  mediastinum 
possesses  great  \'alue  in  eliminating  pul- 


monary tuberculosis  where  this  disease  is 
suspected. 

I  have  examined  the  glands  situated  in 
the  posterior  mediastinum  in  about  4,000 
cases,  and  have  never  failed  to  find  them 
mvolved  where  a  frank  pulmonary  tuber- 
culosis was  manifest. 

In  many  cases  of  early  pulmonary 
tuberculosis  where  practically  no  signs 
were  present  in  roentgenograms  made  of 
the  chest  (and  where  the  fluoroscope  showed 
involvement  of  the  posterior  mediastinal 
glands  and  where  there  was  a  suspicious 
anamnesis),  patients  have  been  greatly 
benefited  by  being  placed  on  treatment  for 
suspected  pulmonary  tuberculosis. 
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IN  June,  1909,  Dr.  Arthur  T.  Legg,  at 
the  meeting  of  the  American  Orthopedic 
Association,  reported  5  cases  of  "An 
Obscure  Affection  of  the  Hip-Joint."  This 
paper  was  published  in  the  Boston  Medical 
and  Surgical  Journal  in  Februar\',  1910, 
and  apparently  is  the  first  contribution 
on  this  subject.  In  July,  1910,  Dr.  Jaques 
Calve  selected  from  some  500  cases  of 
"Coxalgie"  10  cases  presenting  a  form  of 
"Pseudo-coxalgie."  It  was  his  opinion 
that  this  small  group  of  cases  presented 
differential  points  sufficiently  characteristic 
to  warrant  a  special  classification  and 
discussion.  His  cases  were  apparently 
identical  with  Legg's  cases.  Three  years 
later,  in  191 3,  Dr.  George  Perthes  con- 
tributed the  first  intensive  publication  on 
this  subject  under  the  heading,  "Osteo- 
chondritis Deformans  Juxenalis,"  in  which 
he  made  the  first  contribution  to  the  litera- 
ture of  a  histologic  examination  in  a  case 
of  osteochondritis  deformans  juvenalis. 
In  spite  of  these  undisputed  facts  this 
aflection  is  more  generally  known  as 
"Perthes'  disease,"  and  from  this  time  on 
appeared  in  the  German  literature  under 
the  title  of  "Perthes'  disease."  Prior  to 
1914,  Legg's  original  and  subsequent  con- 
tributions were  o\'erlooked  or  ignored  in 
the  various  German  monographs  on  the 

*  Read  at  the  Fourth  Annual  Meeting  of  the  Central  Section  of  The 


subject,  although,  as  pointed  out  by  Sundt, 
references  to  Legg's  origmal  article  appeared 
in  three  German  periodicals  in  19 10  and 
191 1. 


Fig.  I.  Case  I.  Typical  case. 

The  hterature  on  this  subject  since  1915 
has  become  voluminous  and  more  than  350 
cases|have  been  reported.  The  names  of 
Legg,  Calve  and  Perthes,  however,  must 
remain  conspicuously  associated  with  the 
original     recognition     of    this     condition. 
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From  a  number  of  clinics  a  retrospective 
analysis  of  a  lar^e  series  of  cases,  formerly 
diagnosed  and  treated  as  tuberculous 
disease  of  the  hip-joint,  demonstrated  the 
fact  that  the  roentgenograms  of  manv  of 


tuberculosis  of  the  hip,  due  to  its  gradual 
onset  without  early  marked  symptoms, 
but  in  its  later  stages  shows  a  vast  dif- 
ference. A  slight  limp,  occurring  early  and 
persisting  late,  becoming  more  and  more 


Fig.  2a  and  b.  Case  II.  Roentgenograms  made  one  year  apart,  showing  gradual  progress  of  disease. 


these  cases  showed  the  appearances  charac- 
teristic of  this  condition,  and  I  believe  that 
most  of  the  active  cases  which  I  personally 
have  seen  have  been  referred  with  a  clinical 
diagnosis  of  tuberculous  hip-joint  disease. 


intermittent,  and  accompanied  by  slight 
or  no  pain,  is  the  obvious  symptom.  The 
limp,  according  to  McChesney,  may  last 
from  two  to  four  years  and  then  lessen, 
in  spite  of  greater  destruction  of  the  epiphy- 
sis. Limitation  of  abduction  persists  much 
as   the   limp  does.   Slight   shortening  and 


Fig.  2c.  Case  II.  Roentgenogram  ni.ide  one  year  after 
Figure  2b. 

This  condition  is  met  with  principally  in 
children  in  the  first  decade  of  life,  is  more 
common  in  boys,  and  its  inception  is  often 
associated  in  the  minds  of  the  parents  with 
some  recent  injury  in  the  region  of  the  hip. 
In    its    carlv    stages    it    closely    resembles 


Fig.   3a.    Case    III.    Slmws   more   marked   dost  met  ion 
of  epiphysis. 

atrophy    are    only    occasional    symptoms. 
Pain  is  almost  a  negligible  factor. 

The  afTection  usually  terminates  in 
recoNcry  with  a  remodeled  joint  but  with 
excellent  use.  The  articular  surface  of  the 
femoral     head     is     extended     to\\'ard     the 
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trochanter  and  is  somewhat  flat,  but  on  the  subject  assert  that  a  roentgen-raj' 
becomes  smooth,  and  pain,  if  present,  exammation  alone  is  sufficient  for  the 
disappears  and  only  the  shght  restriction     diagnosis. 


Fig.  3b  and  c.  Case  III.  Note  that  a  and  b  were  made  one  year  apart,  while  c  was  made  two  years  after  b. 

of  motion  and  the  changes  shown  by  the  The  flattening  or  crushing  of  the  epiphy- 

roentgenogram  remain  to  identify  the  proc-     sis  and  broadening  of  the  neck  of  the  femur 
ess.  Ankylosis  and  fixed  flexion  of  abduc-     are  the  salient  features.  The  flattening  of 


Fig.  4.  Case  IV.  Bilateral  healed  osteochondritis  delornLins  juvenilis.  Served  in  world  war. 

tion,  which  are  so  common  after  tubercu-  the  epiphysis  is  progressive,  being  slight  at 

lous  hip-joint  disease,  do  not  occur.  hrst,  and  increasing  till  the  epiphysis  loses 

The  roentgenogram,  when  once  seen,  is  its   rounded  outline  and  is  reduced  to  a 

very  typical,  so  much  so  that  most  writers  flattened  plate  or  disc,  often  divided  into 
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several  segments.  Later  these  appear  to 
fuse,  and  the  whole  is  finally  united  to  the 
diaphysis.  There  is  no  hazing  or  clouding 
of  the  joint. 

The  upper  part  of  the  femoral  neck  is 
seen  to  iaroadcn,  and  becomes,  as  it  were, 
rounded  off.  Coincident  with  this  broaden- 
ing there  is  a  gradual  shortening  of  the  neck 
as  a  whole  and  an  increased  density 
(eburnation).  At  first  sight  the  angle  of 
incfination  between  the  neck  and  shaft 
of  the  femur  would  appear  to  be  lessened, 
with  the  development  of  consequent  coxa 
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Fig.  5.  Case  V.  Healed  osteochondritis  deformans 
juvenilis.  Served  in  world  war.  Note  the  almost 
perfect  articulating  surfaces. 

vara  deformity.  This  was  originally  empha- 
sized by  Calve,  and  in  other  earlier  contri- 
butions in  the  hterature  was  regarded  as 
indicating  true  coxa  vara.  But  it  is  now 
generally  conceded  that  there  is  no  actual 
bending  of  the  neck,  but  that  the  depres- 
sion is  apparent  and  not  real. 

Most  of  the  writers  on  this  subject  tend 
to  regard  the  acetabular  changes  as  rela- 
tively inconspicuous,  unimportant  or  actu- 
ally non-existent.  Perthes  states  that  the 
acetabulum  shows  no  deformation  except 
in  very  advanced  cases.  Sundt,  howc\cr, 
writes  that  in  the  later  stages  the  aceta- 
bulum is  normal.  Swartz  describes  late 
changes  which  he  classifies  as  hypertrophic, 
and  secondary  to  changes  in  the  head. 
Piatt  declares  that  osseous  changes  in  the 
acetabulum  can  be  seen  at  everv  stage  of 


the  disease  and  that  they  should  be  con- 
sidered partly  as  the  adaptation  of  the 
cavity  to  the  altered  line  of  pressure 
through  the  deformed  head,  and  partly 
as  of  the  same  nature  as  the  transformation 
undergone  by  the  epiphyseal  nucleus,  and 
thus  truly  specific. 

The  roentgenological  appearances  of  the 
various  other  hip-joint  affections  are  so 
typical  that  I  do  not  think  it  necessary  to 
take  the  time  to  go  into  the  difTerential 
diagnosis  of  this  condition. 

I  am  indebted  to  Dr.  C.  A.  Sellars,  who 
referred  Case  III  to  us  and  who  furnished 
Figure  3c. 
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DISCUSSION 

Dr.  Nichols.  It  seems  to  mc  that  this  is  a 
very  important  subject  from  the  roentgenol- 
ogist's standpoint,  for  with  early  diagnosis  the 
treatment  of  this  disease  is  very  satislactory. 
If  these  children  arc  properly  treated  they 
recover,  and  if  not.  they  go  on  to  the  deformi- 
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ties  which  we  see  in  aduhs,  so  tiiat  it  is  impor- 
tant that  we  as  roentgenologists  recognize  this 
disease  early  in  order  that  these  patients  may 
receive  proper  treatment. 

Dr.  Potter.  Dr.  Kirklin's  paper  is  very 
interesting,  especially  from  one  standpoint: 
What  finally  becomes  of  the  head  of  the 
femur?  Dr.  Kirklin  showed  slides  on  one  case 
which  co\ered  a  period  of  four  years,  and 
there  was  very  little  change  in  the  appearance 
of  the  head.  I  have  seen  one  or  two  cases 
where,  in  a  similar  time,  a  great  deal  of  absorp- 
tion of  the  head  took  place.  In  some  of  the 
adult  cases  the  maturely-formed  head  of  the 
bone  is  so  short  and  flat  that  a  great  deal  of  it 
must  have  been  absorbed  before  maturity. 
I  believe  if  this  subject  were  followed  up 
systematically  it  would  be  found  that  many 
cases  show  a  complete  absorption  of  the  head 
before  the  otiier   epiphyses   had   united   and, 


on  the  other  hand,  I  beliexe  a  certain  percent- 
age of  the  head  would  be  left  and  unite  in  the 
regular  way  to  the  shaft. 

Dr.  Kirklin  (closing  discussion).  In 
answer  to  Dr.  Potter,  I  think  these  cases, 
especially  cases  II  and  III,  are  splendid  ones  for 
careful  follow-up  study  in  order  to  determine 
what  happens  to  the  epiphysis.  You  will 
remember  that  in  each  of  these  2  cases,  we  had 
a  yearly  roentgenogram  and  I  have  already 
requested  these  cases  either  to  return  to  my 
office  once  a  year,  or  to  have  roentgenograms 
made  elsewhere  and  sent  to  me  that  often.  In 
this  way  we  will  be  able  to  follow  these  2  cases, 
providing  nothing  happens,  for  as  many  years 
as  we  like.  And  I  shall  be  verj"  glad  to  report 
them  at  some  future  date. 

It  has  seemed  to  me  that  one  of  the  earliest 
roentgenological  findings  that  we  see  is  probably 
the  thickening  of  the  neck  of  the  femur. 


TYPICAL  DISEASE  OF  THE  SECOND  METATARSO- 
PHALANGEAL JOINT 


BY    PROF.    DR.    ALBAN   KOHLER 


WIESBADEN,    GERMANY 


THE  second  metatarsophalangeal  joint 
is  subject  to  a  peculiar  disease,  to 
which  I  called  attention  in  1915  in  the 
second  edition  of  my  book,  "Grenzendes 
Normalen  und  Anfange  des  Pathologisch- 
en,"  in  the  following  words:  "One  some- 
times finds  in  the  roentgenogram  at  the 
site  complained  of,  a  joint-space  of  double 
breadth,  where  the  second  or  third  meta- 
tarsals, or  both,  articulate  with  the  toes. 
There  is  a  definite  proximal  displacement  of 
the  end  of  the  metatarsal  involved.  There 
is  as  yet  no  description  of  this  finding  in 
the  literature.  The  author  has  seen  alto- 
gether 4  or  5  cases.  It  is  obvious  that  the 
finding  is  pathologic,  but  the  author  is  not 
aware  of  the  cause  or  the  nature  of  the 
disease." 

I  described  my  cases  more  minutely  in 
1920  at  the  eleventh  congress  of  the 
German  Roentgen  Ray  Society.^  Mean- 
while a  number  of  further  contributions 
have  appeared,  so  that  up  to  the  present 
a  total  of  about  75  cases  have  been 
recognized. 

The  disease  involves  the  articular  surface 
of  the  base  of  the  proximal  phalanx  of  the 

'  See  the  Tran^ctions  of  this  Congress.     An  abridged  account 
appeared  in  MUnchner  med.  Wchnschr.,  1920,  No.  45. 


second  toe  (seldom  the  third  or  both 
together);  the  metatarsophalangeal  joint, 
the  articular  surface  of  the  head  of  the 
metatarsal,  the  head  itself,  and  the  whole 
distal  half  of  the  metatarsal.  These 
structures  are  altered  in  the  following 
manner: 

1.  The  shadow  of  the  articular  surface 
of  the  pro.ximal  phalanx  in  plantar-dorsal 
exposures  loses  its  perfectly  circular  form, 
and  becomes  irregular,  often  approaching 
an  S-shape. 

2.  The  joint-space  in  almost  all  cases  is 
broader  than  normal.  This  is  all  the  more 
remarkable  because  in  all  arthritides,  aside 
from  those  with  effusion,  there  is  never  a 
broadening,  but  in  the  presence  of  changes 
as  great  as  in  this  condition,  an  actual 
narrowing  of  the  joint-space,  as  if  the 
articular  cartilage  had  been  ground  away  or 
crumpled  up. 

3.  The  joint-space  is  not  only  broadened, 
but  the  broadening  is  strikingly  irregular, 
so  that  the  fibular  half  of  the  space  is 
often  double  that  of  the  tibial  half. 

4.  The  articular  surface  of  the  head  of 
the  metatarsus  loses  its  normal  roundness; 
in  early  cases  it  is  onlj^  more  or  less  flat- 
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tened,    but    in    okl    cases    it    shows   quite 
irregular  knobs  and  detects. 

5.  In  advanced  cases  of  long  standing, 
on  the  fibular  aspect  of  the  joint,  and  even 
deep  in  the  soft  parts,  are  from  one  to 
several  shadows  indicating  a  density  equiv- 
alent to  bone;  these  shadows  vary  from 
the  size  of  the  head  of  a  pin  to  the  size  of 
a  lentil,  and  resemble  the  calcified  plaques 
in  the  capsules  of  the  large  joints,  but  are 
alwa\s  circular. 


Fig.  I.  A  case  in  the  early  stage  of  the  disease. 

6.  The  head  of  the  metatarsal  is  un- 
doubtedly shortened,  not  in  tolo,  but 
in  its  distal  third,  as  if  the  cap  had  been 
dri\en  in.  This  naturally  makes  the  whole 
metatarsal  somewhat  shorter.  So  far,  the 
process  could  be  compared,  though  the 
resemblance  is  a  remote  one,  to  a  severe 
monarthritis;  but  there  is  still  to  be 
considered  one  important  feature: 

7.  In  all  frank  cases  the  whole  distal 
half  of  the  metatarsal  is  more  or  less 
altered,  and  is  delinitely  increased  in 
circumference,  so  that  there  is  no  longer  a 
constriction  at  the  site  of  the  neck.  Thus 
the  distal  half  is  often  like  the  proximal  in 


point  of  size  and  shape.  The  thickening  is. 
not  confined  to  the  medulla,  but  also 
involves  the  corte.x,  which  howe\er,  thins 
out  normally  toward  the  proximal  end  of 
the  bone.  What  is  particularly  striking, 
in  contradistinction  to  the  changes  of 
osteomyelitis  and  spina  ventosa,  which 
produce  roentgenograms  remotely  resem- 
bling this  condition,  is  the  increase  in  the 
size  of  the  bone  distally.  Also  the  spongiosa, 
as  far  as  the  tip  of  the  bone,  appears 
regular  and  of  well-ordered  design. 

The  number  of  cases  reported  up  to  the 
present — that  is,  in  the  last  two  and  a  half 
years,  indicates  that  the  disease  is  not 
especially  rare;  in  any  case,  it  is  encoun- 
tered more  frequently  than  the  disease 
that  is  peculiar  to  the  navicular  bone. 
In  9  cases  out  of  10,  the  second  metatarsal 
is  involved;  one  time  in  10,  the  third  alone 
or  together  with  the  second.  In  at  least  2 
cases,  both  feet  were  invohed.  The  age 
of  the  patients  ranged  from  ten  to  fortj- 
eight  years,  but  it  is  to  be  noted  that  in 
persons  beyond  the  fifteenth  to  eighteenth 
year,  the  disease  was  very  probably  not  ot 
recent  de\"elopment,  but  originated  m  the 
growth-period  and  was  accompanied  by- 
associated  changes  in  the  sense  of  arthritis 
deformans.  Two  thirds  of  the  patients  were 
from  ten  to  eighteen  years  old.  The  disease 
is  four  times  as  common  in  the  female  sex 
as  in  the  male.  In  two  thirds  of  the  cases 
the  right  foot  was  involved. 

The  patient's  complaint  is  of  pain  in 
the  region  of  the  joint  in  question,  espe- 
cially on  weight-bearing  and  eversion  of  the 
foot.  The  disturbances  of  locomotion  are 
usually  variable  and  moderate;  but 
oftentimes  the  patient  spares  the  limb, 
or  is  even  lame.  At  all  events,  indul- 
gence in  sports,  etc.,  is  limited  or  even 
impossible. 

Objective  Manifestations.  Lsually  a 
slight  swelling  of  the  soft  parts  on  the 
dorsum,  especially  in  the  vicinity  ot  the 
lesion,  with  tenderness  on  pressure  on 
the  dorsum  or  on  the  sole  or  both.  Pain  on 
motion  is  uncommon. 

At  least  two  authors  found  in  their 
cases  a  bending  of  the  epiphysis  toward 
the  dorsum  of  the  foot.  This  finding  is  not 
confirmed  by  other  authors,  e\cn  by  those 
who  ha\  c  sought  especially  for  it.  However^ 
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it  is  advisable  in  every  case  to  make  a 
roentgenogram  of  tlie  profile  ot  the  toot, 
in  spite  of  the  disturbing  shadows  of  the 
metatarsals,  especially  the  thick  first  one. 
Further,  both  feet  should  always  be 
examined. 

Differential  Diagnosis.  As  in  case  of 
the  disease  peculiar  to  the  navicular  bone 
so  here:  when  one  has  once  seen  the  roent- 
genogram, it  is  not  easily  forgotten,  at 
least  in  the  cases  occurring  in  the  growth- 
period  fsee  above).  Consequently,  the 
diagnosis  is  very  easy.  Furthermore,  the 
\ery  old  cases  with  considerable  malforma- 
tion of  the  articular  ends  of  the  bones  are 
very  easily  distinguished  from  the  primary 
chronic  (mon-)  arthritis;  the  author  can 
perhaps  best  testify  to  this,  for  perhaps 
most  of  the  arthritis  cases  in  Wiesbaden 
have  come  under  his  observation  in  roent- 
genograms. In  no  case  should  be  overlooked 
the  thickening  of  the  distal  half  of  the 
involved  metatarsal,  which  unc[ualifiedly 
belongs  to  the  picture  of  the  disease. 
Three  characteristic  roentgenograms  are 
reproduced. 

Pathology.  At  least  eight  microscopic 
examinations  have  been  reported,  which 
are  more  or  less  detailed.  There  were  found 
at  times  necrosis,  at  times  fibrous  marrow, 
at  times  tissue  resembling  granulation 
tissue,  thickened  cortex,  well-preserved 
cartilage.  Fromme  found  subchondral 
callus-Iike  tissue  with  fibrillary  connective 
tissue,  fibrous  cartilage,  hyaline  cartilage 
and  osteoid  substance;  Aschausen  obser\ed 
a  great  subchondral  focus  with  bone-  and 
marrow-necrosis  and  calcification,  sur- 
rounded by  a  resorption  zone  with  thick 
leukocyte-free  connective  tissue,  and  this 
surrounded  in  turn  by  a  bone  of  reaction; 
the  cartilage  itself  preserved  and  also 
thickened,  somewhat  necrotic  in  its  deepest 
part;  and  finally,  villous  hyperplasia  of 
the  synovialis,  and  lipping  as  in  arthritis 
deformans.  There  were  found  no  signs  of 
rickets,  tuberculosis,  syphilis,  osteomyelitis 
or  the  like.  A  third  account  may  be 
mentioned  here.  Professor  Goldschmidt's 
report  in  the  article  by  Cahen-Brach: 
"Horizontal  sections  were  made  through 
the  capitulum  of  the  second  left  metatarsal. 
The  region  of  the  bone  limited  by  the 
articular  cartilage  and  the  epiphyseal  line 


showed  a  profound  change:  in  the  spon- 
giosa  was  found  a  focus,  rather  rounded  in 
the  section,  which  reached  in  a  stellate 
fashion  to  the  boundaries  just  mentioned. 
In  this  focus  the  bony  trabeculae  were 
either  absent  or  represented  only  by  frag- 
ments. In  their  place  was  a  connective- 
tissue  focus,  fairly  rich  in  cells,  embedding 
fairly  numerous  small  blood-vessels.  At 
the  edges  of  this  focus  the  connective 
tissue  extended,  without  any  sharp  border. 


1 

1 

Fig.  2.  Another  case,  more  advanced. 

into  the  marrow,  which  was  partly  a 
definite  fibrous  marrow  and  partly  only 
remarkable  because  it  was  rich  in  con- 
nective tissue.  Beneath  the  articular  carti- 
lage the  bony  trabeculae  showed  no  great 
changes,  though  no  special  stains  for  bone 
were  used.  The  changes  go  with  the 
connective  tissue  described.  On  the  other 
hand,  in  the  immediate  vicinity  of  this 
focus  there  was  a  zone  at  the  epiphyseal 
line  which  one  may  well  designate  as  a 
field  of  debris,  i.e.,  the  trabeculae  lay  in 
fragments  in  a  space  filled  with  necrotic 
masses.  These  masses  lay  directly  upon  the 
granulation-  or  connective-tissue;  no  inter- 
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nal  structure  could  be  recognized.  Hemor- 
rhage was  not  demonstrable,  though  there 
were  small  hemorrhages  in  the  spongiosa 
on  the  diaphyseal  side  of  the  epiphyseal 
line.  In  neither  the  necrotic  zone  nor  in  the 
connecti\e-tissue  foci  did  I  find  profound 
vascular  changes,  particularly  no  thrombo- 
ses. So  far  as  the  articular  cartilage  was 
examined,  no  changes  were  found.  In 
other  respects  the  relation  between  carti- 
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Fig.  3.  Another  case,  of  several  years'  standing,  with 
consecutive  arthritis  deformans. 

lage  and  bone  was  normal  for  the  age  of  the 
(female)  patient." 

Etiology.  About  i  patient  in  10  gave 
a  history  of  trauma.  We  need  not  dwell 
further  on  this  point.  Certainly  trauma 
alone  cannot  be  the  cause.  It  is  much  more 
likely  that  a  barely  perceptible  mechanical 
insult,  perhaps  repeated,  is  necessary  to 
bring  about  the  clinical  manifestation. 
Against  traumatic  origin  there  speak  fur- 
ther the  slow  beginning  and  the  occasional 
bilateral  occurrence  of  the  disease,  as  well 
as  the  histologic  and  roentgen  findings. 
The  points  of  principal  support  of  the  arch 
on  standing  on  both  feet  or  in  walking, 


according  to  the  investigations  of  Beely, 
are  the  heel  and  the  distal  ends  of  the 
second  and  third  metatarsals;  if  the  foot 
is  hanging,  or  if  it  rests  only  lightly  on  its 
sole,  then  the  distal  ends  of  the  first  and 
fifth  metatarsals  are  supports;  but  if  a 
considerable  pressure  is  placed  upon  the 
anterior  transverse  arch,  the  arch  gives, 
and  the  distal  ends  of  the  second,  third  and 
fourth  metatarsals  become  burdened.  In 
case  of  flat-  or  splay-foot  the  second 
assumes  ver}'  much  of  a  burden.  In  keeping 
with  this,  flat-foot  appears  in  the  history 
of  many  of  the  patients;  and  Sonntag 
found,  in  12  cases  minutely  described,  the 
arch  to  be  normal  in  only  3,  and  flat-  or 
splay-feet  in  9.  However,  now  that  we  have 
70  cases  to  study,  we  find  flat-feet  in 
only  I  case  in  5  (Cahen-Brach,  I.e.).  In 
two  or  three  cases,  going  barefoot  was 
blamed.  In  going  barefoot  one  naturally 
loses  the  support  of  the  shoe.  If  there  be 
added  a  weakness  of  the  connective  tissue, 
which  leads  to  a  sinking  of  the  anterior 
transverse  arch,  especially  of  the  second 
metatarsal,  the  first  metatarsal  gives  medi- 
ally and  when  the  foot  is  pronated  the 
principal  weight  is  thrown  upon  the  second. 
Three  cases  showed  a  bowing  of  the  meta- 
tarsal upward,  as  already  mentioned. 
Miiller  says  that  the  bone  is  simply  react- 
ing to  mechanical  insults  on  the  same  prin- 
ciple that  it  forms  callus  after  fracture: 
reaction  of  the  zone  of  growth;  it  is  patho- 
logical only  in  that  the  tolerance  of  the 
bony  tissue  to  the  influences  in  question 
is  disturbed.  Furthermore,  the  fashionable 
women's  shoes,  with  their  high  heels  which 
throw  the  weight  on  the  fore  part  of  the 
foot,  are  responsible  for  splay-foot  so  far 
as  etiology  goes,  and  this  is  in  keeping  with 
the  fact  that  the  great  majority  of  patients 
are  females.  Histologic  as  well  as  roentgen 
findings  speak  against  an  inflammatory 
origin  of  the  disease.  As  has  been  already 
emphasized,  no  indications  of  tuberculosis, 
syphilis,  or  osteomyelitis  were  found.  (It 
should  be  noted,  howe\er,  that  Alberti 
was  able  to  demonstrate  in  4  out  of  his  6 
cases,  tuberculosis  elsewhere  in  the  body.) 
Fromme  defends  the  theory  that  the  condi- 
tion is  an  osteochondritis  of  the  nature  of 
late  rickets.  He  regards  also  the  Calve- 
Legg-Perthes  disease  of  the  hip,  Schlatter's 
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disease  of  the  tibial  protuberance,  and  the 
navicular  disease  whicli  I  have  described, 
all  as  manifestations  of  the  same  thing. 
The  thickened  and  softened  cartilage  of 
rickets  or  late  rickets  is  especially  suscepti- 
ble to  traumatic  injury.  The  theory  has 
much  in  its  favor,  but  in  almost  all  of  the 
patients  in  question,  there  were  no  mani- 
festations whatever  of  rickets.  Yet  on 
the  other  hand,  rachitis  tarda  is  much  more 
frequent  than  generally  appreciated,  and 
clinical  signs  may  be  absent.  As  for  this 
being  an  inanition-osteopathy,  most  of 
the  cases  were  among  well-nourished  per- 
sons. Likewise  for  its  being  a  deficiency 
disease.  Of  the  few  microscopic  studies, 
there  are  some  descriptions  (Aschau- 
sen,  Kappis,  Cahen-Bruck,  Herzog,  Sonn- 
tag)  of  most  peculiar  findings  in  fair 
agreement,  in  the  form  of  wedge-shaped  ne- 
croses of  the  epiphyses  from  interruption  of 
nutrition.  In  1905  Konig  emphasized,  in 
relation  to  operative  cases  of  osteochon- 
dritis ossificans,  that  in  addition  to  trauma 
there  must  be  some  other  cause  operating 
in  an  entirely  unknown  manner,  to  explain 
the  formation  of  a  sequestrum  in  a  joint 
lined  with  cartilage.  Thus  it  is  conceived 
that  the  cuneiform  necrosis  of  the  epiphysis 
is  from  embolic-mycotic  occlusion  of  the 
epiphyseal  end-arteries,  the  mechanical 
occlusion  being  the  principal  consideration. 
Infection  has  little  or  nothing  to  do  with  it. 
Howe\'er,  whether  necroses  can  arise  in 
bones  from  arterial  occlusion  has  been 
combated  by  pathologists  (Schmidt).  Quite 
recently  Heitzmann  and  Engel  have  pub- 
lished microscopic  findings  to  prove  the 
similarity  of  Perthes'  disease  and  the 
disease  of  the  metatarsal.  Further,  Klett 
believes  that  he  has  found  histologic 
evidence  of  osteitis  fibrosa  in  two  of  his 
cases,  and  is  of  the  opinion  that  it  is  con- 
cerned in  most  of  the  cases  if  not  in  all. 
It  is  certain  that  the  pathologic-anatomical 
conception  of  osteitis  fibrosa  is  still  very 
indefinitely  limited. 

To  sum  up:  There  are  anatomic- 
physiologic  reasons  for  the  localization 
of  the  disease  in  the  second  (or  third) 
metatarsophalangeal  articulation.  Cases 
in\olving  the  first  toe  do  not  belong  in 
this  class,  but  in  that  of  simple  chronic 
arthritis.  The  second  metatarsal  is  the  one 


most  exposed  to  weight-bearing  and 
various  insults,  as  is  indicated  by  its 
being  much  the  most  frequently  involved 
in  the  swollen  foot  of  soldiers.  This  factor 
however  is  not  self-sufficient  for  the  produc- 
tion of  the  disease.  There  must  be  another 
pathological  factor,  a  certain  debility 
of  the  osseous  system,  perhaps  less  of  an 
infectious  nature  than  of  a  toxic,  toxic- 
infectious,  or  hormonic  nature,  or  a  dyscra- 
sia  or  a  diathesis,  through  which  the  general 
resistance  of  the  organism  is  lowered,  to 
become  manifest  at  the  point  of  greatest 
strain.  Or  there  may  be  a  predisposition 
in  the  sense  of  a  constitutional  anomaly, 
perhaps  analogous  to  the  so-called  stig- 
mata of  degenerations;  it  is  not  entirely 
disproved  that  phylogenetic  considera- 
tions play  a  part.'  Possibly  slight  repeated, 
or  even  more  considerable  over-strains 
lead  to  a  form  of  osteochondritis-malacia. 
I  myself  in  my  first  communication, 
remarked  upon  the  similarity  of  the 
roentgen  findings  in  comparison  with 
osteochondritis  dissecans  of  the  knee. 
There  can  then  develop — though  how 
is  still  unknown — a  great  bony  necrosis  in 
the  epiphysis,  as  a  few  scattered  micro- 
scopic observations  testify.  In  the  course 
of  years  there  occur  alterations  in  the  joint 
in  the  sense  of  an  arthritis  deformans,  but 
easily  to  be  distinguished  from  that  condi- 
tion by  roentgen  examination.  There  can 
also  occur  a  bowing  of  the  capituluni  up- 
ward, as  a  thoroughly  studied  case  showed, 
in  which  the  microscopic  examination 
showed  only  normal  bone,  and  cartilage 
which  was  normal  in  the  deeper  layers,  but 
stained  poorly  and  showed  some  fibrous 
degeneration  on  the  surface. 

At  the  47th  Congress  of  the  German 
Surgical  Society,  in  1923  in  Berlin,  no  less 
an  authority  on  pathology  than  Aschoff  of 
Freiburg  stated  that  our  disease  is  prob- 
ably the  same  process  as  the  Cahe-Legg- 
Perthes  disease  and  the  disease  of  the  os 
lunatum.  The  essential  feature  is  a  sub- 
chondral bone-necrosis,  which  (in  the 
hip)  leads  to  a  re-formingof  the  whole  head 
of  the  bone  without  the  cartilage  being 
destroyed.  Vascular  disturbances  probably 
play    a    role    in    the   development   of  the 

'  The  author  first  called  attention  to  this  possibiHty  at  the 
Congress  of  the  German  Roentgen  Ray  Society  in  1920. 


710 


Typical  Disease  of  the  Second  Metatarsophalangeal  Joint 


disease.  Hovve\er,  Aschausen  is  of  the 
opinion  that  these  need  not  always  be 
emboli.  Traumatic  strains  which  lead  to 
an  occlusion  of  the  vessels  and  other 
factors  can  cause  the  disease.  From  the 
pathologic  standpoint  the  process  is  not 
the  same  as  arthritis  deformans.  Aschoff 
does  not  consider  as  possible  a  direct 
transition  from  this  disease  into  true 
arthritis  deformans. 

Treaiment.  Conservati\'e  treatment  is 
to  be  attempted  first  of  all.  The  foot 
should  be  spared  as  much  as  possible,  and 
in  case  of  necessity,  rest  in  bed,  poul- 
tices, baths,  heat,  hot  air,  massage,  etc., 
are  indicated,  as  well  as  supporting  ban- 
dages; probably  the  best  treatment  is  a 
well-fitting  shoe  with  an  inlay  designed 
from  a  plaster-cast;  in  addition,  constitu- 
tional treatment,  good  nourishment,  fresh 
air,  sun,  cod-liver  oil,  iron,  iodine,  arsenic, 
phosphorus,  calcium  and  organic  prepara- 
tions. Operation  is  indicated  only  in 
patients  beyond  the  growth-period. 

By  and  large,  we  may  say  of  our  disease 
that  much  still  remains  unexplained  in  its 
etiology  and  pathogenesis. 

Note:  In  the  Journal  of  the  American 
Medical  Association  for  July  21,  1923, 
which  appeared  while  the  foregoing  article 
was  in  the  hands  of  the  printer,  is  an 
article      entitled      "Juxeniie     Deforming 


Metatarsophalangeal  Osteochondritis — 
Freiberg's  Infraction  of  the  Metatarsal 
Head"  by  Dr.  Philip  Lewin  of  Chicago, 
who  states  that  this  condition  "was  first 
described  by  Freiberg  of  Cincinnati  in 
191 3,  in  a  paper  read  before  the  Southern 
Surgical  and  Gynecological  Association. 
He  saw  his  first  case  in  1903,  but  his  paper 
reporting  6  cases  did  not  appear  until 
August,  1914."  It  was  published  in  5urgen', 
Gynecology  and  Obstetrics.  Editor. 
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TWO  CASES  OF  LOCALIZED  METASTATIC  CARCINOMA 

OF  VERTEBRAE  WITHOUT  DEMONSTRABLE 

PRIMARY  LESION* 


BY    CYRIL    P.    O  BOYLE,    M.D. 

PHILADELPHIA,    PENNSYLVANIA 


PRIMARY  carcinoma  does  not  occur  in 
bones.  Secondary  and  metastatic  car- 
cinomata,"  however,  are  among  the  most 
frequent  disease  conditions  of  the  osseous 
system.  According  to  von  Recklinghausen 
the  bones  invoKed  are,  in  order  ot  ire- 
quency,  the  xertebrae,  femur  (proximal 
portion),  peKis,  ribs,  sternum,  humerus 
(proximal  portion),  the  flat,  cranial  bones, 
the  bones  of  the  leg  and  the  bones  of  the 
forearm.  Secondary  tumors  occur  in  those 
portions  of  the  bones  which  are  subjected 
to    the    greatest    pressure    and    traction. 


may  be  di\'ided  into  osteoclastic  (bone- 
destroying)  or  osteoplastic  (bone-forming) 
tumors.  As  a  rule,  bone  destruction  and 
osseous  formation  coexist,  but  one  or  the 
other  may  predominate  and  form  the 
leading  character  of  the  tumor.  Naturally 
bone  destruction  must  take  place  to  some 
extent;  the  ever-expanding  new  growth 
leads  to  osseous  atrophy,  lacunar  resorp- 
tion and  finally  to  more  or  less  disintegra- 
tion. Fractures  commonly  result,  or  the 
diseased  bones  may  become  softened  and 
pliable  through  absorption  of  their  calcium; 


Fig.   I.  Fig.  2. 

Fig.  I.  Anteroposterior  view  of  lower  thoracic  and  upper 
lumber  vertebrae.  Tlie  figures  refer  to  the  numbers 
of  the  vertebrae  (gth  to  12th  thoracic,  1st  to  3rd 
lumbar).  The  arrows  point  to  the  lesion  of  the 
nth  thoracic  vertebra,  which  is  a  metastatic 
carcinoma  (osteoclastic  type).  Note  the  destruction 
of  bone  as  evidenced  by  the  loss  of  outline  and 
the  compression. 

Fig.  2.  Lateral  view  of  the  same  lesion.  Compare  with 
Figure  i.  Note  wedge-shape  of  iith  thoracic 
vertebra,  due  to  compression. 

The  histologic  character  of  the  metastatic 
neoplasms  depends  more  or  less  on  the 
structural  composition  of  the  primary 
growths.  The  secondary  tumors  are  some- 
times well  circumscribed,  sometimes  infil- 
trating. According  to  their  behavior  they 
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Fig.  3.  Anteroposterior  view  of  3rd  to  5th  lumbar 
vertebrae  and  the  sacrum.  The  arrows  point  to  a 
metastatic  (osteoplastic)  carcinoma.  Note  the 
increased  density  of  the  5th  lumbar  vertebra 
and  the  upper  portion  of  the  sacrum. 

this  is  spoken  of  as  carcinomatous  osteo- 
malacia. It  is  to  be  emphasized  that  neo- 
plastic osteoclasis  rarely  involves  the 
bone  in  a  uniform  fashion.  In  the  roent- 
genogram the  diseased  portions  are  fre- 
quently irregular  in  outline  and  have  a 
moth-eaten  appearance.  Conspicuous 
shortening  of  bone  occurs  when  the 
destructive  process  is  of  sufficient  width. 
In  the  osteoplastic  type  of  metastatic 
carcinoma  much  osteoid  or  osseous  forma- 

n  The  American  Roentgen  Ray  Society,  1921. 
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tion  occurs.  The  new  bone  formation 
probably  takes  place  through  stimulation 
or  increased  activity  of  preserved  osteo- 
blasts, the  tumor  acting  as  the  irritant. 
It  may  also  be  that  the  irritation  and 
consequent  osteoblastic  stimulation  depend 
upon  occlusion  by  tumor  cells  of  some  of 
the  vessels  of  the  bone.  Some  of  the 
newly-formed  osteoid  tissue  may  also 
arise  through  metaplasia  of  the  fibrous 
stroma  of  the  tumor.  In  any  case  the  new- 
tissue  may  remain  osteoid  for  a  long  period, 
or  it  may  gradually  become  very  solid, 
compact    and    osseous.    The    osteoplastic 


Fig.  4.  (a)  Anteroposterior  view  of  lower  thoracic  verte- 
brae showing  a  metastatic  carcinoma  of  the  gth  thoracic 
vertebra,  (b)  Lateral  view  of  same  lesion  showing  com- 
pression from  carcinomatous  bone  destruction.' 


]Droperty  of  some  tumors  is  so  marked  that 
they  may  transform  some  portions  of  the 
involved  bone  into  an  ivory-hard  material. 
In  such  cases  a  roentgen-ray  diagnosis  is 
sometimes  clifTicult,  and  the  dense  areas 
may  be  mistaken  tor  non-neoplastic  disease 
of  the  bones.  In  most  cases,  however,  the 
irregular     increase    in     densitv    and     the 


Basle.  In  63  cases  of  carcinoma  of  the 
mammary  gland,  bone  metastasis  occurred 
33  times,  or  in  ^2  per  cent;  and  in  24  cases 
of  prostatic  cancer,  16  times.  But  in  309 
cases  of  gastric  carcinoma  only  2.5  per 
cent  showed  bony  metastasis;  in  159  cases 
of  uterine  carcinoma,  only  5  per  cent;  in 
loi  cases  of  esophageal  carcinoma,  6.9  per 
cent,  and  in  57  cases  of  carcinoma  of  the 
rectum,  10.5  per  cent.  These  figures  show 
that  the  cancers  of  the  mammary  gland 
and  of  the  prostate  are  particularly  liable 
to  produce  bone  involvement. 

In  the  recent  papers  by  Pfahler  ( 1916) 
and  by  Moore  (19 19)  further  refer- 
ences to  the  literature  may  be  found. 
In  two  cases  summarized  below,  the 
vertebral  column  was  the  seat  of 
these  processes. 

Case  I.  Male,  aged  forty-nine, 
agent  by  occupation.  Admitted  to 
the  Misericordia  Hospital  on  Oct.  i, 
1920,  complaining  of  pain  in  the  back 
and  left  side.  The  symptoms  dated 
back  to  May,  1920,  when  he  first 
experienced  sharp  pains  in  the  left 
side,  especially  on  arising  in  the 
morning.  As  the  day  went  on  the 
pains  lessened  and  gradually  disap- 
peared. At  first  the  attacks  were 
periodic  but  they  became  much 
aggra\ated  after  a  game  of  handball. 
Often  he  would  awake  early  in  the 
morning  with  sharp  pains,  partic- 
ularly in  the  left  lumbar  region. 
There  was  much  stiftness  of  the 
back  and  difiiculty  when  attempting  to 
stoop.  There  has  been  no  headache,  no 
vertigo,  no  cardiac  symptoms.  Has  been 
badly  constipated  for  some  time;  no  other 
gastro-intestinal  symptoms.  Never  had 
any  serious  injury.  There  is  nothing  of 
importance  in  the  previous  medical 
history;   family  history  is   negative.   Lab- 


irregular  distribution  of  the  lesions  permit     oratory  examination   revealed   nothing  of 
a  diagnosis  to  be  made.  importance.    A    provisional    diagnosis    of 

As  to  the  frequency  of  cancerous  mcta-     osteoarthritis  of  the  spine  was  made  and 


stasis  to  the  bony  structures  the  following 
figures  by  Kaufmann  are  illuminating. 
His  data  are  based  upon  the  autopsy 
records    of   the    Pathological    Institute    in 


•  1  he  original  plates  of  these  photographs  were  not  available, 
and  the  reproductions  here  were  made  with  difticulty  from 
lantern  slides. 


the    patient    referred    to   the   neurological 
department. 

Here  it  was  found  that  the  patient  had 
much  difficulty  and  pain  in  making  trunk 
moxemcnts.  The  iith  thoracic  vertebra 
was  tender  to  percussion  and  strong  pres- 
sure. The  muscular  s\stem  was  negative. 
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There  was  no  impairment  of  the  joint, 
postural  and  tactile  sense.  The  epigastric, 
infraabdominal,  and  cremasteric  reflexes 
could  not  be  elicited.  Both  patellar  reflexes 
were  exaggerated,  especially  the  left.  No 
Babinski;  Achilles  tendon  present.  There 
was  an  area  of  distinctly  diminished  sensi- 
bility to  pain  on  right  side  posteriorly 
extending  from  upper  border  of  the  buttock 
to  the  level  of  the  spine  of  the  i  ith  thoracic 
vertebra.  On  the  left  side  a  similar  area  was 
found,  but  it  extended  almost  two  inches 
lower.  This  area  was  just  below  the  body 
of  the  I  Ith  thoracic  vertebra  and  therefore 
just  below  the  12th  cord  segment.  The 
upper  margins  would  correspond  to  the 
level  of  the  spine  of  the  nth  thoracic 
vertebra.  Anteriorly  there  were  irregular 
areas  of  hyperesthesia  and  hypoesthesia 
from  below  the  umbilicus  to  above  the 
knee,  especially  on  the  left  side  of  the 
body.  The  level  of  the  sensory  symptoms 
was  therefore  fixed  to  about  the  ist  and 
2nd  lumbar  cord  segments  or  opposite  the 
nth  thoracic  vertebra  and  the  upper 
margins  of  the  12th  thoracic  body. 

The  history,  symptoms  and  most  of  the 
signs  point  to  a  left-sided  lesion,  and  to 
involvement  of  the  posterior  roots  and 
perhaps  the  lateral  tracts.  Since  no  paraly- 
sis, no  bladder  symptoms  and  no  impor- 
tant thermic  disturbance  is  present,  the 
amount  of  cord  compression  cannot  be 
very  great.  The  character  of  the  lesion  is 
somewhat  diflicult  to  decide.  Tuberculous 
caries  can  be  ruled  out  because  of  the  age 
and  the  absence  of  any  primary  focus.  An 
intramedullary  growth  was  excluded  be- 
cause the  root  symptoms  were  so  pro- 
nounced at  what  appears  to  be  an  early 
stage  of  the  disease,  there  were  no  trophic 
changes  and  the  spinal  tenderness  was 
present.  The  pain  and  difficulty  in  moving 
the  trunk  suggested  vertebral  disease.  Quot- 
ing Dr.  Edward  Strecker,  who  made  the 
above  examination,  "In  regard  to  carci- 
noma I  could  not  bring  myself  to  this 
diagnosis  in  the  absence  of  an  established 
primary  lesion." 

The  patient  was  referred  to  the  roent- 
genological department  on  Oct.  4,  1920, 
where  examination  revealed  destructive 
disease  of  the  nth  thoracic  vertebra, 
which    looks    much  like  metastatic  carci- 


noma of  the  osteoclastic  type.  Dr.  G.  E. 
Pfahler's  report  reads:  "Total  decalcifica- 
tion of  nth  thoracic  vertebra,  while  lOth 
and  1 2th  thoracic  vertebrae  were  per- 
fectly healthy.  There  seems  to  be  an 
osteoplastic  process  of  the  5th  lumbar 
vertebra  also  resembling  metastatic  carci- 
noma." These  lesions  are  well  shown  in 
Figures  i,  2  and  3. 

The  primary  tumor  was  searched  for 
unsuccessfully.  Operation  was  decided 
upon  and  on  Nov.  5,  1920,  laminectomy 
and  resection  of  the  posterior  roots  at 
the  nth  and  12th  thoracic  vertebrae  was 
performed  by  Dr.  G.  P.  Muller.  Portions 
of  the  friable  bone  were  examined  histo- 
logically. An  infiltrating  adenocarcinoma 
was  found;  the  stroma  of  the  tumor  was 
prominent  and  consisted  of  dense  fibrous 
tissue  and  spicules  of  newly-formed  bone. 
The  patient  was  treated  with  roentgen 
rays,  but  died  on  Mar.  9,  192 1 .  No  autopsy 
was  obtained. 

The  cfinical  side  of  this  case  has  been 
given  in  brief  since  it  illustrates  a  very 
typical  picture  of  a  metastatic  carcinoma, 
the  primary  focus  of  which  could  not  be 
discovered.  The  pathological  examination, 
concurred  in  by  Drs.  Smith  and  Lucke, 
confirmed  the  roentgenological  opinion. 
Case  II.  (From  Dr.  Pfahler's  records.) 
Male,  aged  seventy-two.  About  two  years 
ago  patient  was  taken  with  pain  in  the 
right  side  at  a  point  where  the  posterior 
axillary  line  crosses  the  9th  and  loth  ribs. 
The  pain  was  inconstant,  no  difficulty  in 
eating  or  motion.  No  jaundice,  no  radiation 
of  pain  to  shoulder.  Complained  also  of 
pain  in  lower  dorsal  and  upper  lumbar 
regions.  During  past  year  suffers  only 
when  moving  about  or  when  sitting;  is 
free  from  pain  when  reclining.  Neurological 
examination  at  this  time  negative  for 
osteospinal  cord  diseases. _  Urological  ex- 
amination revealed  a  slightly  enlarged 
round,  smooth,  movable  soft  prostatic 
gland.  On  roentgenological  examination 
a  general  carcinomatosis  was  discovered. 
There  was  total  destruction  of  the  outer 
portion  of  the  9th  rib  (Fig.  4)  and  9th 
dorsal  vertebra,  and  partial  destruction 
of  the  1 2th  thoracic  vertebra.  The  outer 
portion  of  the  right  clavicle  and  the  glenoid 
cavity  of  the  right  scapula  were  likewise 
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in\(il\cd,     and     there     were     metastatic 
nodules  in  the  right  hmg. 

This  illustrates  an  extensive  metastatic 
carcinoma  of  the  osteoclastic  type;  the 
primary  focus  of  the  tumor  could  not  he 
discovered. 

SUMMARY 

Two  cases  of  metastatic  carcinoma  of  the 
vertebral  column  are  reported;  the  prim- 
ary focus  was  not  demonstrated  in  either 
case.  The  most  prominent  symptom  in 
the  two  cases  was  pain  on  motion.  By 
roentgenological  examination  such  lesions 
are  usually  readily  diagnosed,  and  this 
should  always  be  employed. 


Mv  thanks  are  due  to  Dr.  G.  E.  Pfahler, 
Dr.  G.  P.  Muller,  and  Dr.  E.  Strecker  for 
permission  to  use  their  data. 
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DURING  the  past  year  two  cases  of 
hypernephroma  were  observed  in  the 
roentgenological  service  of  Mt.  Sinai 
Hospital.  Reports  of  similar  cases  have 
appeared  recently  in  the  Surgical  Clinic, 
Chicago.  The  literature  upon  the  subject 
is  abundant,  yet  the  writer  was  prompted 
to  review  it,  in  order  to  call  attention  to  the 
importance  and  significance  of  chest  exami- 
nation in  cases  of  hypernephroma,  and  to 
stimulate  observation  as  to  the  beneficial 
effects  from  the  employment  of  .v-ray 
therapy,  as  has  been  suggested  bv  well- 
known  men. 

An  idea  as  to  the  prevalence  of  hyper- 
nephromata  may  be  gathered  froni  the 
following  table: 


Kidney  Tumors  (I  Ivman) 

Hyper- 
Kidney  ncphro- 
Tumors  mata       Others 

Israel 126  86             40 

Albrecht j2  28                4 

Barney.    . 114  43             7, 

Boston    City    and    Massa- 
chusetts    General     Hos- 

-   P't"'^,.-. 42  33  9 

Mayo  Uinic,  191 1 56  36  20 

Mt.  Sinai   Hospital,   N.   ^■. 

City,  A.  A.  Berg 38  36  2 

Pleschncr 35  25  10 

Ilyman ::....  40  28  12 
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In  approaching  this  subject  one  is 
immediately  impressed  with  the  varied  and 
complicated  views  held  in  regard  to  the 
pathology  of  hypernephroma.  Although 
the  theory  of  Grawitz,  first  accurately 
described  by  him  in  1883,'  regarding  it  as  a 
tumor  composed  of  aberrant  adrenal  tissue, 
has  been  largely  accepted,  there  are  other 
interesting  theories  that  one  may  mention. 

Grawitz  called  the  tumor  "Struma  lipo- 
matodes  aberratae  renis,"  and  in  1894 
Lubarsch  suggested  the  name  of  hyper- 
nephroma. It  is  claimed,  however,  that  the 
latter  name  was  suggested  by  Birch- 
Hirschfeld,  in  1896.  Dutfield,  in  1909, 
applied  the  name  of  hypernephroma  to  any 
growth  arising  from  adrenal  cells,  whether 
the  growth  was  adenoma,  carcinoma,  or 
sarcoma. 

The  pathology,  not  only,  is  doubtful, 
but  even  the  opinions  as  to  what  portion  of 
the  kidney  is  most  often  invoKed,  seem  to 
be  at  extremes.  For  example,  in  Murphv's 
case  he  states,  "If  hypernephromata  arise 
from  adrenal  rests  it  is  surprising  and 
difficult  to  explain  why  they  practically 
always  arise  in  the  lower  two-thirds  of  the 
kidne\,  and  almost  never  in  the  upper 
third,  which  lies  so  much  closer  to  the 
adrenal  gland." 

HE  .^MtrmcAN  Roentgen  Ray  SociETY.'ipsi. 
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The  contrary  view  is  expressed  by  Hugh 
Hampton  \oung:  "The  occurrence  of 
adrenal  rests  has  been  the  subject  of  con- 
siderable study.  Imbert  found  them  in 
dilTerent  organs  in  92  out  of  100  autopsies; 
in  the  kidney  in  8  per  cent  of  the  cases. 
They  are  usually  found  in  the  upper  pole 
beneath  the  capsule,  and  this  is  the  usual 
site  for  hypernephromata." 

Hyman  states  that  the  theory  of  location 
most  frequently  quoted  as  being  in  the 
upper  pole  has  been  disproved,  and  that 
it  is  more  often  found  in  the  center  or 
lower  pole.  This  latter  corresponds  to  the 
opinions  of  several  surgeons  personally 
questioned,  that  hypernephroma  may  occur 
almost  anywhere  in  the  kidney. 

More  interesting  is  the  expression  of 
opinion  as  to  origin  of  these  tumors.  Stoerck, 
of  Vienna,  believes  that  "hypernephromata 
arise  in  the  course  of  a  chronic  nephritis; 
that  when  a  group  of  urinary  tubules  is 
destroyed,  regeneration  takes  place  from 
the  remaining  tubule  stumps,  and  overre- 
generation — a  well-known  biologic  phe- 
nomenon, seen  under  many  different  and 
curious  conditions — sometimes  occurs 
with  adenoma  formations;  and  from  these 
adenomata,  hypernephromata  [or  carcino- 
mata,  as  Stoerck  calls  them]  may  develop." 
Stoerck's  theory  has  obtained  a  great 
following  because  of  the  large  number  of 
accurately  observed  cases  on  which  it  is 
based,  the  great  scientific  reputation  and 
the  enormous  pathologic  experience  of 
Professor  Stoerck.  Many  of  Stoerck's 
co-workers  still  adhere,  however,  to 
Grawitz's  original  view  that  these  tumors 
start  from  misplaced  adrenal  rests. 
Murphy  states  further:  "I,  myself,  have 
seen  a  specimen  of  a  large  hypernephroma 
at  the  upper  pole  of  the  kidney,  as  in 
the  case  of  today  where  the  adrenal  on  the 
same  side  was  entirely  missing.  The 
presumption  was  very  attractive  in  that 
case  that  the  adrenal  had  been  misplaced 
into  the  upper  pole  of  the  kidney  by  some 
embryonic  perversity,  and  had  furnished 
the  starting  point  of  the  hypernephroma." 

Adami  believes  they  are  of  renal  origin 
also,  but  that  they  arise  from  proliferating 
islets  of  nephrogenic  tissue  (mesoblast) 
derived  from  fetal  Wolftuan  ducts  which 
have  never  become  connected  with  renal 


tubules.  Therefore,  Adami  calls  these 
tumors  mesotheliomata  instead  of  hyper- 
nephromata. Wilson,  according  to  Hyman, 
has  also  adwinced  this  theory: 

"Accessory  adrenals  are  common.  They 
are  known  as  adrenal  rests.  They  are 
found  most  often  in  the  connective  tissue 
about  the  main  adrenals,  but  also  in  the 
kidneys,  right  lobe  of  the  liver,  along 
the  renal  vessels,  spermatic  veins  in  the 
inguinal  canals  and  in  the  broad  liga- 
ments."'- In  Hyman's  article,  previously 
referred  to,  he  mentions  a  case  of  primary 
hypernephroma  of  the  tongue  reported  by 
Coeneus.^ 

W.  W.  Keen,  in  163  cases,  found  157 
in  the  kidney,  3  in  the  adrenal,  2  in  the 
liver,  and  i  in  the  uterus.  Young  ampu- 
tated a  leg  for  sarcoma  which,  upon 
microscopic  examination,  showed  hyper- 
nephroma. There  was  no  sign  of  kiclney 
tumor  in  this  case. 

The  period  of  life  during  which  these 
tumors  are  the  most  prevalent  appears  to 
be  from  forty  to  sixty  years.  The  male 
seems  more  prone  to  the  disease  than  the 
female.  Heredity  appears  to  play  no  part 
in  this  condition.  The  literature  gives  no 
definite  evidence  of  trauma  as  a  causative 
factor,  although  Hyman  states  that  "twice 
positi\ely  the  tumor  was  observed  after 
trauma." 

The  small  hypernephromata  are  usually 
very  similar  in  histological  arrangement  to 
adrenal  tissue.  The  cells  are  seen  in  rows 
resting  upon  capillaries  which  make  up 
the  stroma.  These  cells  are  larger  than 
adrenals  and  are  polygonal  in  shape.  They 
contain  a  great  deal  of  fat,  and  upon 
chemical  examination  show  lecithin  and 
glycogen. 

Hypernephroma  may  begin  as  a  very 
small  nodule  in  the  kidney  and  gradually 
invade  it  until  almost  the  entire  kidney 
substance  is  replaced.  Adjoining  structures 
are  not  commonly  invaded.  Invasion  by- 
lymphatics  is  doubted;  systemic  invasion 
is  usually  through  the  blood  stream. 
The  renal  veins  are  often  invaded  by  the 
tumor.  It  is  claimed  by  Murphy  that 
operative  results  are  much  better  where 
neither  the  renal  veins  or  vena  cava  are 
invaded  at  time  of  operation.  Loosened 
emboli  are  carried  great  distances  through 
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the  circulation.  Metastases  have  been 
found  in  the  brain,  bronchi,  diaphragm, 
heart,  liver,  intestines,  omentum,  pancreas, 
pleura,  peritoneum,  skin,  uterus,  urethra 
and  various  portions  of  the  bony  skeleton. 
There  appears,  however,  no  case  on 
record  where  the  ureter  has  been  involved. 
This  despite  the  fact  that  the  tumor  may 
grow  out  into  the  renal  pelvis.  (Young.) 
The  symptomatology  of  hypernephroma 
is  as  variable  as  its  growth  and  pathology. 
The  three  outstanding  symptoms  are 
hematuria,  pain  and  tumor  mass.  Hema- 
turia is  observed  in  from  50  to  70  per  cent 
of  cases.  This  corresponds  with  Bevan's 
observation  that  in  about  50  per  cent  of 
cases  there  are  no  urinary  findings  what- 
ever. Pain  occurring  before  bleeding  is 
rare.  Bleeding  occurs  at  irregular  intervals. 
In  one  of  Israel's  cases  there  was  hematuria 
for  twelve  years.  Hematuria  does  not 
appear  to  be  influenced  by  occupation 
or  position.  Frequent  hemorrhages  do 
not  necessarily  mean  an  operation  as  a 
life-saving  measure. 

Pain  may  be  the  first  symptom,  but 
it  may  be  absent  for  a  long  period.  A 
tumor  mass  very  often  reaches  great 
size  without  pain.  There  may  be  only  a 
dull  ache,  and  at  times  pain  may  follow 
the  course  of  the  sacral  and  pelvic  nerves. 
When  the  ureters  are  blocked  by  blood 
clots,  pain  becomes  colicky  in  character, 
simulating  renal  colic. 

Some  of  the  tumors  are  almost  impos- 
sible to  elicit  by  palpation,  particularly 
when  they  involve  the  upper  pole  of  the 
kidneys.  A  palpable  tumor  of  the  flank 
is  one  of  the  most  important  symptoms. 
The  growth  may  not  distort  the  outline 
of  the  kidney.  These  tumors  are  present 
in  a  large  number  of  cases  that  come  to 
the  operating  table. 

In  Hyman's  summary  of  these  three 
cardinal  symptoms,  he  places  great  stress 
on  the  extreme  degree  of  \arlablilty, 
and  hence  the  great  dillicuhy  in  establish- 
ing an  early  diagnosis  of  hypernephroma. 

Among  other  symptoms  may  be  men- 
tioned the  occurrence  of  a  right-sided 
varicocele,  first  noted  by  Guyon.  Symp- 
toms may  also  be  due  to  compression  of 
abdominal  viscera,  such  as  jaundice,  edema 
and    ascites.    Gastric    symptoms    such    as 


nausea,  vomiting  and  hematemesis  may 
also  offer  a  very  distressing  complication. 
The  methods  to  be  employed  in  arriving 
at  a  diagnosis,  or  at  least  offering  valuable 
aid,  are  pyelography,  cystoscopic  examina- 
tion and  tests  for  renal  function.  The 
above  constitutes  the  plan  followed  when 
patients  finally  reach  the  hospital,  pre- 
sumably for  operation.  It  is  very  often 
at  this  time  that  the  first  .v-ray  examination 
of  the  chest  Is  made.  The  reason  lor  this 
is  that  by  this  time  metastasis  is  expected, 
and  the  authorities  seem  to  agree  that 
In  the  presence  of  chest  involvement 
operation  is  useless. 

Bevan,  Murphy,  and  Eisendrath  speak 
of  the  importance,  and  emphasize  the 
value  of,  roentgenograms  and  roentgen 
therapy.  Eisendrath  informs  us  that  met- 
astases into  the  lungs  are  produced  very 
early.  Murphy  and  Bevan  have  urged 
the  employment  of  .v-ray  therapy  in 
inoperable  cases  and  as  a  postoperative 
measure,  claiming  beneficial  results.  It 
is  well  known  at  the  present  time  that 
metastatic  areas  must  also  receive  treat- 
ment as  well  as  the  original  site  of  the 
lesion.  Murphy  Is  of  the  opinion  that  early 
application  of  irradiation  Is  more  beneficial 
than  when  recurrence  has  taken  place. 
Patients  have  been  kept  comfortable  from 
three  to  five  years.  This  compares  favor- 
ably with  the  results  obtained  by  surgery. 
The  question  as  to  whether  or  not 
hypernephromata  are  malignant  tumors 
has  not  been  settled.  Keen  says  that  for 
practical  purposes  a  solid  tumor  of  the 
kidney  is  malignant. 

Keyes  tells  us  that  hypernephromata 
may  be  benign  or  malignant;  the  benign 
type  has  a  marked  tendency  to  become 
malignant.  Murphy  emphatically  states 
that  he  considered  It  a  malignant  tumor 
Irrespective  of  pathological  disputes. 

Garceau,  according  to  "^'oung,  found  the 
duration  of  this  disease  In  a  scries  of  27 
cases  to  cover  periods  of  from  three  to 
twelve  years.  In  another  series  of  89 
cases,  the  duration  was  not  over  a  few- 
months.  In  21  cases  where  metastasis 
was  present,  only  4  cases  lasted  more  than 
one  year.  He  states  that  metastases  in 
bones  and  lungs  were  of  more  Importance 
than  the  actual  presence  of  the  renal  tumor. 
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In  view  of  the  fact  that  this  type  of 
tumor  is  considered  by  practically  all 
to  be  malignant  in  character,  an  early 
diagnosis  is  imperative.  Procrastination 
is  particularly  dangerous,  according  to 
Stoerck  (quoted  in  Hyman's  article*)  if 
the  course  of  the  disease  can  be  explained 
by  the  pathological  anatomy  of  this 
tumor.  Stoerck  gives  two  divisions;  benign 
and  malignant  forms  of  the  tumor.  In 
the  benign  form,  "the  tumor  is  sharply 
encapsulated  from  the  surrounding  kidney 
tissue;  the  latter  are  the  growths  which 
may  be  present  for  years  without  causing 
symptoms.    In   the   malignant   type,    the 


Fig.  I.  Ke>  plate.  Metastatic  nodules  iii  ciiest  one  year 
after  removal  of  testicle  for  sarcoma. 


tumor  breaks  through  the  capsule  and 
metastasis  occurs."  It  is  wholly  desirable 
to  interpret  this  condition  correctly  at  the 
very  earliest  possible  moment,  or  in  the 
stage  to  which  the  term  "transitional" 
might  be  applied. 

In  1916,  Moore  and  Carman  wrote 
describing  the  nodular  form  of  lung 
metastasis,  and  showed  five  prints  dealing 
with  metastatic  areas  in  the  lung  from 
cancer  of  the  breast,  stomach  and  uterus. 

The  writer  has  not  been  able  to  find 
any  publication  in  which  there  appears  an 
illustration  showing  even  one  phase  of  the 
metastasis  of  hypernephroma.  It  was 
therefore  thought  advisable  to  insert  these 
prints. 

Moore  and  Carman  report  71  cases  of 
lung  metastasis  giving  5  cases  originating 


from  the  kidney,  three  of  which  were 
operated  upon,  two  proving  to  be  "hyper- 
nephroma" and  one,  carcinoma.  In  their 
conclusions  they  stated  that  roentgeno- 
graphic  examination  should  be  made  as  a 
routine,  and  thus  many  patients  saved 
from  useless  surgery. 

Hyman  does  not  concede  the  efficacy  of 
radium  or  .v-ray  therapy  as  compared 
with  nephrectomy,  wherever  possible. 
Howe\er,  the  early  recognition  of  chest 
involvement  is  very  important.  For 
although  the  tumor  of  the  kidney  may  be 
extirpated,  the  metastatic  process  must 
obviousl}^  be  taken  care  of  in  some  other 
way.  It  would  be  logical  to  suppose  that 
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Fig.  2.  Case  II.  Tne  lower  lung  fields,  bilateral,  show 
the  nodules,  less  dense  than  those  found  in  key 
plate. 

roentgen  therapy  would  be  applied  to  these 
very  cases. 

Holding,  In  19 16,  as  well  as  others,  urged 
the  employment  of  roentgen  therapy  for 
the  "ameliorating"  effects  in  lung  tumors. 
It  would  be  of  great  interest  to  know 
whether  this  method  has  been  satisfactorily 
investigated  in  connection  with  lung  and 
bone  metastases  in  the  larger  clinics  of  this 
country.  The  writer  has  not  had  the 
opportunity  to  employ  this  procedure.  It  is 
true  that  postoperatixe  cases  are  frecjuently 
referred  for  treatment;  but  what  of  the 
inoperable  cases  about  which  a  large 
amount  of  skepticism  as  to  the  efficacy 
of  roentgen  treatment  still  remains? 

Pfahler's  statement  in  The  American 
Journal  of  Roentgenology  published  in 
November,   1919,  p.  576,  emphasized  the 
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importance  of  chest  examination.  The 
inriltratiii<^  type  was  described  in  a  case  ot 
hypernephroma  relerred  for  postoperati\e 
x-ray  therapy.  Dr.  Pfahler  made  a  chest 
examination  "where  there  was  no  thought 
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observed  that  nodules  are  multiple  in 
character,  quite  discrete  and  distinct  in 
border  outline,  although  of  varying  size 
and  densitj'.  The  nodules  are  not  limited 
to  the  hilus  region,  but  can  be  seen  in  the 


FiC.    3.    Case    I.    Lower    power.    Adrenal    carcinoma. 
Striated  areas  of  tumor  cells. 

on  the  part  of  others  as  to  recurrence  or 
metastasis,"  owing  to  the  patient's  gener- 
ally good  condition.  He  ditYerentiated  this 
infiltration  from  the  infiltrating  type  of 
tuberculosis. 


Fig.  5.  C^ase   1.  Gross  specimen  of  kidney  with   tumor 
mass. 

The  two  cases  to  be  reported  m  this 
article  show  the  nodular  type  which  cor- 
responds to  the  description  in  Pfahler's 
paper  under  the  nodular  type  of  metastatic 
carcinoma     of     the     lungs.     It     will     be 


Fig.  4.  Case  I.  High  power.  Adrenal  carcinoma.  Hyaline 
cells. 

parenchyma  and  just  underneath  the 
chnicle  as  well. 

The  following  case  reports  are  rather 
typical  of  the  varied  symptomatology  of 
hypernephroma.  It  is  unfortunate  that  the 
findings  in  both  cases  were  not  definitely 
corroborated  by  post-mortem  findings.  In 
Case  II,  the  diagnosis  of  tuberculosis  w-as 
made  by  several  consultants  previous  to 
and  after  .v-ray  examination  of  the  chest, 
despite  the  protests  of  the  roentgen  depart- 
ment that  this  was  a  case  of  secondary 
involvement  of  the  chest,  which  was 
subsequently  borne  out  by  the  facts  in  the 
case. 

The  first  case  was  pro\ed  after  the 
kidney  had  been  extirpated,  the  specimens 
of  which  are  shown  in  illustrations  accom- 
panying this  article.  In  the  latter  case  the 
symptomatology  was  more  or  less  classical, 
and  the  diagnosis  was  clinically  suspected. 
The  chest  plate  in  the  latter  case  showed 
the  metastatic  areas  largely  within  the 
hilus  region,  whereas  in  the  former  case  the 
metastasis  was  throughout  both  lungs,  and 
was  parenchymal  in  character. 

I  am  greatly  indebted  to  Dr.  Barta,  of 
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Marquette  University,  tor  the  pathological 
specimens  and  illustrations. 

Case  I.  Male.  Admitted  Nov.  16,  1920. 
Operated  upon  Nov.  18,  1920.  Died  Nov. 
19,  1920. 

Present  Complaint.  Pain  in  the  right 
side  of  abdomen.  Flow  of  blood  from 
urethra,  general  weakness. 

Onset  and  Course.  His  pain  started  last 
March  in  the  right  side.  This  pain  was 
indefinite  at  first.  It  seemed  to  trouble  him 
most  while  he  was  at  work.  The  pain 
became  gradually  more  severe.  It  radiated 
downward  toward  the  pubis.  In  July,  he 
noticed  blood  in  the  urine  which  had 
increased  in  the  last  two  months.  During 
the  last  few  days  the  blood  flow  had  been 
almost  continuous.  He  urinated  once  or 
twice  at  night  for  the  past  several  years. 
He  had  not  worked  during  the  past  two 
months  and  felt  weak.  He  lost  weight  in 
the  early  months  but  regained  it . 

Past  Illness.  Appendectomy  eleven 
years  ago. 

Family  History.  Mother  and  father 
died  of  old  age.  No  history  of  malignancy 
or  tuberculosis  in  the  family.  Venereal 
history  denied. 

General.  Appetite  fair,  bowels  regular, 
no  headache,  no  other  pain,  ankles  never 
swell,  no  vertigo,  no  cough. 

Physical  Examination.  Head.  Pupils 
equal  and  react  to  light  and  accommoda- 
tion. Teeth  in  poor  condition.  Neck  shows 
no  enlargement  over  thyroid,  no  pulsating 
vessels.  Chest.  Symmetrical  and  expansion 
equal.  Lungs — Breath  sounds  clear.  No 
areas  of  dulness,  no  rales.  Heart — 
Cardiac  dulness  not  enlarged.  Apex  beat 
in  5th  interspace  in  nipple  line.  No 
murmurs. 

Abdomen.  Firm  and  rounded.  Lixer 
not  enlarged.  No  tenderness  or  rigidity. 
Large  mass,  palpable  in  region  of  right 
kidney.  Extremities — No  impairment  of 
function.    Reflexes    present    and    normal. 

Cystoscopic  Examination.  Blood  clots 
in  bladder.  Turbid  urine  from  right  ureter; 
clear  urine  from  left  ureter.  Indigo-carmine 
test  appears  in  left  ureter  in  seven  minutes. 
No  evidence  in  fifteen  minutes  from  right 
ureter.  Examination  of  urine,  right  ureter, 
leucocytes,  a  few  colon  bacilli,  large  amount 
of  blood. 


Laboratory  Findings.  Urine,  sp.  gr.  i  :oia 
acid  in  reaction,  sugar  negative,  albumen 
positive,  red  blood-cells  abundant,  leuco- 
cytes increased. 

Blood.  Red  blood-cells  3,160,000.  Hbg. 
"5  per  cent.  Color  index  i.  White  blood- 
cells  6,200.  Polymorphonuclear,  neutro- 
philes  75  per  cent.  Large  and  small  lympho- 
cytes 24  per  cent.  Endothelial  leucocytes  i 
percent.  Appearance  of  erythrocytes  normal 
in  shape  and  size.  Wassermann  negati\e. 

X-ray  Findings.  Nodular  metastatic 
involvement  in  the  right  side  of  chest 
in  the  region  of  the  hilus. 

Pathological  Diagnosis.  Adrenal  carci- 
noma. 

Case  II.  Male,  aged  forty-nine.  Ad- 
mitted to  Mt.  Sinai  Hospital,  Nov.  10, 
1919.  Discharged  Nov.  23,  1919. 

Reason  for  admission  to  hospital  was 
the  sudden  expectoration  of  blood  the 
night  previous  to  admission.  Bloody  expec- 
toration continued  at  intervals  since  that 
time.  It  was  not  foamy  and  did  not  always 
appear  bright  red  in  color.  Absolutely 
denied  previous  similar  attacks.  No  pain 
anywhere  in  the  body.  No  chill  at  any 
time.    No    previous    or    present    cough. 

General  History.  Not  subject  to  head- 
aches, no  sore  throat,  no  dyspnea.  Has 
not  lost  weight  for  the  last  four  years. 
Did  not  catch  cold  frequently.  Feels 
strong.  Appetite  very  good.  No  vomiting 
or  pain  in  epigastrium  after  eating.  No 
genitourinary  diseases. 

Past  History.  No  sickness  since  child- 
hood; no  operations.  Habits — Indoor  work 
of  an  executive  character,  moderate 
amount  of  tobacco.  No  alcohol  in  the  last 
few  years.  Meals  regular  and  rests  well 
at  night.  Venereal — Gonorrhea  about 
twenty- live  years  ago.  He  is  not  married. 

Physical  Examination.  Patient  quiet 
in  bed,  and  in  no  discomfort,  color  of 
mucous  membranes  good.  Not  nervous, 
cheeks  slightly  flushed. 

Head.  Eyes,  nose,  ears  were  all  nega- 
tive. Mouth — Tonsils  large,  tongue  coated, 
teeth  showed  excessive  dental  work.  Neck — 
Negative. 

Chest.  Lungs  negative,  except  blowing 
respiration  over  a  small  area  on  right  side 
of  chest  anteriorly  about  level  of  3rd 
rib,  mid-clavicular  line,  also  slight  impair- 
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nient  to  percussion  and  lessened  breath 
sounds  In  right  apex  posteriorly. 

Heart.     Negative. 

Abdomen.     Negative. 

Extremities.  Musculature  good.  No 
evidence  of  emaciation  anywhere.  Knee- 
jerks  present  and  active. 

No  reaction  to  5  nig.  of  old  tuberculin 
subcutaneous  Injection.  Wassermann 
negative. 

Nov.  20,  1919.  Examination  of  chest 
revealed  narrow  Kroenlg's  isthmus  left  side 
as  compared  with  right  side.  Lessened 
expansion  of  left  base  posteriorly.  No  im- 
paired resonance  or  rales.  Respiration 
normal  throughout. 

Daily  examination  of  sputum  showed 
no  evidence  of  bacilli  of  tuberculosis, 
but  traces  of  blood. 

Temperature  on  admission  was  100.4° 
F.,  pulse  1 10,  respiration  22  . 

Urine  Analysis.     Negative. 

Blood.     Red       blood-cells 


Hbg.    75  per  cent.  Color  Index 


3,220,000. 
I.  White 
blood-cells  5,050.  Polymorphonuclear 
neutrophlles  77  per  cent.  Basophlles  2 
per  cent.  Eoslnophlles  4  per  cent.  Large 
lymphocytes  14  per  cent.  Small  lympho- 
cytes 2  per  cent.  Endothelial  leucocytes  i 
per  cent.  Appearance  of  erythrocytes, 
marked  variation  In  shape  and  size. 

Patient  discharged  in  good  condition. 
Re-admitted  to  hospital  May  24,  1920, 
having  passed  a  large  amount  of  blood 
during    urination.    Physical    examination 


practically  as  before,  excepting  that  patient 
was  very  much  emaciated.  Remained 
In  the  hospital  until  the  date  of  death, 
July  14,  1920.  Condition  grew  steadlW 
worse  from  day  to  day  and  emaciation 
was  very  rapid.  Appearance  at  time  of 
death  was  more  or  less  characteristic 
of  the  cachexia  due  to  malignancy. 
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ROENTGENOGRAPH IC    INTERPRETATION    OP    ILEOCO- 

LONIC  STASIS* 


BY    ERNEST    CHARLES    SAMUEL,    M.D. 
Roentgen  Ray  Department,  Touro  Infirmary 

NEW    ORLEANS,    LOUISIANA 


THE  fmdinp;  of  large  quantities  of  the 
opaque  meal  in  the  ileum,  cecum  and 
ascending  colon  after  a  brisk  purgation 
with  one  of  the  saline  group  or  other 
popular  laxatives  must  make  us  realize 
that  there  can  be  considerable  stasis  with 
regular  bowel  movements  of  once  or  twice 
a  day.  This  fact  has  been  proved  to  our 
entire  satisfaction  in  our  service  at  Touro 
Infirmary,  with  the  cooperation  of  Dr. 
S.  K.  Simon,  the  head  of  the  gastrointes- 
tinal division.  The  ileum  and  lirst  portion 
of  the  large  intestine  up  to  the  splenic 
flexure  are  developed  from  the  mid-gut,  the 
terminal  section  coming  from  the  hind  gut; 
and  this  development  probably  plays  some 
part  in  the  pathology  of  intestinal  stasis. 

Roentgenological  study  has  shown  us 
that  the  mass  movement  of-  the  feces  is 
initiated  in  the  cecum  and  proceeds  in 
regular  rhythmic  waves  toward  the  anus. 
These  waves  are  quite  feeble  in  the  first 
segment  of  the  colon  and  to  a  limited 
extent  are  opposed  by  antiperistaltic  waves; 
from  the  splenic  flexure  to  the  sigmoid,  the 
waves  are  stronger  and  more  uniform, 
carrying  the  hardened  feces  to  the  pelvic 
colon,  to  be  expelled  later.  When  through 
any  cause  this  movement  is  interfered 
with,  a  distinct  pathological  condition  is 
the  result,  with  an  absorption  of  the  toxic 
products  in  the  ileum  and  ascending  colon, 
and  its  resulting  long  train  of  symptoms. 
We  have  had  enough  cases  go  to  operation 
to  prove  that  in  most  instances  that  have 
had  no  previous  interference,  the  stasis  is 
probably  not  due  to  the  congenital  bands 
that  were  first  brought  forcibly  to  our 
attention  by  Mr.  Lane  of  England,  and  by 
Coffey  and  Jackson  in  this  country. 

We  place  no  value  on  a  simple  six-hour 
retention  in  the  ileum  and  cecum,  but  a 
twenty- four-  forty-eight-  or  seventy-two- 
hour  stasis  is  reported  to  the  clinician  as 
right-sided  stasis.  We  must  determine  the 
cause  of  the  pathology:  whether  the  impedi- 
ment in  the  flow  of  the  fecal  current  is  due 
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to  a  mechanical  cause,  loss  of  tone,  a 
chronic  appendix,  a  chronic  gall-bladder 
(with  or  without  adhesions)  or  adhesions 
from  pelvic  inflammation  and  peritonitis, 
especially  of  the  tuberculous  type.  We 
cannot  consider  malignancy  of  the  bowel, 
as  this  is  a  true  obstruction  of  the  lumen. 
In  one  instance,  the  cause  of  stasis  was  an 
enterolith  in  the  ascending  colon.  Lack  of 
physical  exercise,  long-standing  chronic 
disease,  and  chronic  toxemic  conditions 
all  play  a  part  in  this  syndrome. 

The  patient  is  usually  referred  for  right- 
sided  pain,  and  in  a  large  number  of  cases 
one  is  informed  by  the  clinician  that  the 
appendix  or  gall-bladder  has  been  removed 
for  the  same  pain  from  which  the  patient 
is  now  suffering.  There  was  relief  for  a  while, 
due  to  the  forced  rest  following  a  laparot- 
omy, to  the  diet,  and  above  all,  attention 
to  the  bowels;  but  the  patient  now  has  a 
return  of  symptoms  and  sometimes  Is 
much  worse  than  before.  The  case  is  gone 
over  in  our  department.  All  gastrointestinal 
observations  are  made  In  the  erect  position 
whenever  possible:  only  for  the  sake  of 
testing  the  mobility  of  the  ileum  and  cecum 
and  the  degree  of  prolapse  of  the  large 
bowel,  are  the  observations  made  recum- 
bent. An  observation  is  made  In  six  hours, 
repeated  in  twenty-four,  a  purgative  is  then 
given  and  another  observation  made  in 
forty-eight  hours.  If  the  barium  is  still 
present,  another  purgative  is  given  and  a 
seventy-two-hour  observation  made.  It 
Is  at  this  time  I  wish  to  say  a  word  about 
purgatives — after  we  have  seen,  in  the 
hospital  routine  following  a  gastrointes- 
tinal examination,  one  of  the  saline  group 
given,  with  a  notation  on  the  chart  of 
five  or  six  watery  stools,  when  the  roent- 
genogram will  show  almost  the  entire 
meal  still  retained,  as  at  the  previous 
examination. 

I  think  the  saline  group  Is  productive 
of  more  harm  than  good.  The  fecal  current 
Is  only  stirred  up,  large  quantities  of  water 
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are  drained  frona  the  tissues,  the  bacteria 
are  more  active  and  generally  the  patient 
feels  much  worse  following  such  a  purgative. 
Castor-oil  in  tablespoonful  doses  appar- 
ently mo\es  the  opaque  bolus  along  better, 
but  the  resulting  constipation  to  some 
patients  is  quite  annoying.  Large  doses  of 
the  cascara  and  phenolphthalein  group  do 
very  well,  but  I  think  they  are  considered 
quite  irritating  to  the  kidneys. 

The  fate  of  the  patient  depends  largely 
upon  whether  the  surgeon  or  the  internist 
refers  the  case.  Our  report  shows  marked 
intestinal  stasis  with  a  Lane's  kink  with 

Erolapse  and  acute  angulation  of  the  large 
owe!  in  the  region  of  the  hepatic  ilexure. 
If  the  case  is  in  the  hands  of  the  surgeon 
and  he  decides  to  operate  under  anesthetic 
with  the  patient  recumbent  (remember 
the  observations  were  made  in  the  erect 
position)  the  abdomen  Is  opened,  the 
colon  is  found  in  place,  due  to  the  relaxa- 
tion from  the  anesthetic,  the  only  pathol- 
ogy present  Is  the  Lane's  kink,  and,  as  a 
consequence,  the  roentgenologist  Is  criti- 
cized for  his  opinion.  It  Is  here  I  wish  to 
emohaslze   that    I    think   intestinal   stasis 


belongs  to  the  domain  of  the  gastro- 
enterologlst;  and  I  think  we  as  roent- 
genologists should  Insist  on  the  medical 
side  of  treatment.  Every  one  of  us  has 
lived  through  the  tmie  when  on  reporting  a 
prolapse  of  the  stomach  or  large  bowel, 
they  were  surgically  suspended,  and  the 
patient  returned  with  the  same  train  of 
symptoms  and  in  a  large  percentage  of 
cases  much  worse  than  before.  W'e  rarely 
see  this  today,  thanks  to  the  cooperation 
of  the  internist  and  roentgenologist.  The 
finding  of  a  filled  appendix  which  empties 
and  is  freely  movable  is  no  Indication  that 
It  should  be  remo\ed;  this  Is  merely  a  part 
of  the  symptom  complex  of  the  condition, 
and  removal  will  do  no  good. 

In  this  paper,  which  is  only  preliminary, 
I  simply  wish  to  bring  the  subject  of 
Intestinal  stasis  forcibly  to  your  attention, 
as  I  think  we  have  been  lax  In  not  paying 
sutticlent  attention  to  It  In  our  reports. 
There  Is  very  little  to  be  found  on  this 
subject  In  our  literature,  although  quite  a  bit 
on  the  surgical  and  medical  side,  and  the 
roentgenologist  must  be  the  final  judge  of 
the  condition. 


A  PLEA  FOR  THE  USE  OF  THE  ROENTGENOSCOPE  IN  THE 
DL\GNOSISOF  URINARY  CALCULI* 


BY   J.   L.  TABB,   M.D. 


RICHMOND,    VIRGINIA 


IT  IS  a  frequent  occurrence  that  a  patient 
is  referred  to  a  roentgenologist  for  an 
examination  for  urinary  calculus,  and  he 
finds  a  vague  shadow,  which  may  or  may 
not  be  due  to  a  stone.  It  is  with  no  little 
embarrassment  then  that  he  is  forced  to 
tell  the  referring  physician  that  the  patient 
may  or  may  not  have  a  urinary  calculus. 
It  is  in  the  interpretation  of  these  vague 
shadows  that  we  ha\e  found  the  rocntgeno- 
scope to  be  of  the  greatest  value,  when  used 
in  coniunctlon  with  the  opac|ue  ureteral 
catheter  In  place,  and  the  visualizing  of 
the  bromide  solution  during  the  injection 
of  the  kidney  pelvis  and  ureter.  It  Is 
surprising  how  small  a  calculus  may  be 
and  yet  show  under  the  rocntgenoscope, 

f)ro\ided  you  already  know  just  where  to 
ook  for  it;  the  approximate  location,  of 


course,  ha\'ing  been  ascertained  from  a 
previous  plate. 

The  technique  that  we  employ  Is  as 
follows:  A  leaded  ureteral  catheter  is 
Introduced  on  the  suspected  side  of  the 
patient,  and  is  preferably  passed  until  the 
kidney  pelvis  is  reached  or  until  it  meets 
an  obstruction.  The  roentgenoscopic 
examination  is  begun,  and  knowing  the 
approximate  location  of  the  suspicious 
shadow,  we  make  a  search  for  it  in  this 
region,  using  a  \ery  small  beam  of  .v-rays. 
The  shadow  can  usually  be  found,  partlcu- 
larl\  If  the  roentgenologist  has  waited 
for  the  pupils  of  his  eyes  to  become 
dilated.  1  cannot  emphasize  this  point 
too  strongly. 

It  the  shadow  Is  not  in  the  region  ol  the 
pelvis  of  the  kidney  and  is  not  in  close 
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proximity  to  the  leaded  catheter,  it  is 
certainly  not  a  urinary  calculus.  Often 
the  shadow  will  be  superimposed  upon  that 
of  the  catheter  and  by  rotating  the  patient 
the  shadow  may  be  thrown  well  away  from 
the  catheter,  thus  dispro\ing  a  calculus; 
whereas  if  a  plate  had  been  made,  the 
shadow  would  ha\"e  been  superimposed  upon 
the  bromide  catheter  or  shadow,  and  the 
roentgenologist  would  have  been  forced  to 
rely  upon  the  mechanical  effects  of  the  stone 
on  the  ureter,  such  as  dilatation,  which  is 
often  uncertain.  If  by  rotating  the  patient 
the  shadow  cannot  be  thrown  away  from 
the  catheter  at  all,  the  concretion  is  defi- 
nitely in  the  ureter.  Besides,  the  parallax 
method  of  location  will  show  that  the 
catheter  and  shadow  are  in  the  same 
plane,  and  palpation  of  the  abdomen  will 
move  both  in  unison.  If  by  rotating  the 
patient  the  shadow  can  be  thrown  only  a 
short  distance  away  from  the  catheter, 
the  catheter  should  be  withdrawn  to  a 
point  below  the  shadow  and  bromide  solu- 
tion injected.  In  some  cases  in  which  a 
calculus  has  formed  a  pocket  in  the  ureter, 
the  solution  may  be  seen  to  run  to  the 
shadow;  if,  however,  it  is  not  seen  to  do  so, 
a  plate  should  be  made,  since  a  small 
thread  of  bromide  solution  running  to  the 
calculus  may  escape  detection  under  the 
roentgenoscope,  but  will  be  easily  seen  on 
the  plate. 

Often  the  leaded  catheter  meets  an 
obstruction,  and  in  these  cases  the  catheter 
may  be  seen  pointing  directly  toward 
the  calculus.  By  using  the  parallax  method 
the  shadow  and  tip  of  the  catheter  are 
found  to  be  in  exactly  the  same  plane. 
The  abdomen  may  be  palpated  and  any 
difference  in  movement  noticed  so  that 
one  is  rarely  in  doubt.  In  shadows  close 
to  the  ureteral  orifice  rotation  of  the 
patient  is  not  of  much  a\ail,  unless  the 
patient  is  extremely  thin,  since  the  thick- 
ness of  the  hips  and  the  ossa  innominata 
obscure  the  \iew  when  the  patient  is 
in  the  oblique  position.  The  parallax 
method,  however,  will  show  the  catheter 
and  concretion  to  be  in  the  same  plane, 
and  palpation  per  rectum  or  vagina  will 
fail  to  change  this  position. 

The  foregoing  applies  chiefly  to  the 
diagnosis  of  suspicious  shadows  along  the 


course  of  the  ureter.  Now  a  word  as  to 
the  diagnosis  of  shadows  in  the  region  of  the 
pehis  of  the  kidney.  It  is  very  obvious 
that  a  concretion  in  the  pelvis  of  the 
kidney  may  be  at  some  distance  from  the 
catheter,  this  distance  depending  upon 
which  calyx  the  concretion  is  in,  the 
height  to  which  the  catheter  has  been 
introduced,  and  the  shape  and  size  of  the 
kidney  pelvis.  The  parallax  method  may 
also  show  that  the  catheter  and  concre- 
tion are  not  in  the  same  plane,  but  on  deep 
inspiration  they  will  mo\'e  in  unison. 
\\  hen  the  abdomen  or  lumbar  region  is 
palpated  the  relative  position  will  not  be 
materially  altered.  These  two  points  are 
of  great  value  in  the  differential  diagnosis 
of  biliary  and  renal  calculi,  since  the  gall- 
bladder makes  a  more  extensive  respiratory 
excursion  than  the  kidney,  and  it  is  freely 
movable  on  palpation  of  the  anterior 
abdominal  wall. 

After  observing  these  facts  and  \-iewing 
the  patient  from  different  angles,  the  bro- 
mide solution  IS  allowed  to  flow  very  slowly 
into  the  kidney  peK^is.  The  solution  may 
be  seen  to  surround  or  run  to  the  concre- 
tion, and  while  the  solution  is  slowly 
filling  the  pelvis,  the  patient  is  rotated  and 
palpation  is  used.  It  is  often  the  case,  where 
a  pyelogram  alone  has  been  made,  that  the 
bromide  solution  completely  obscures  the 
calculus.  Unless  the  shape  of  the  kidney 
pelvis  is  materially  altered,  it  is  diflicult 
to  say  whether  the  concretion  is  in  the 
pelvis  or  simply  in  anteroposterior  align- 
ment with  the  bromide  shadow.  By 
using  the  roentgenoscopic  method  this 
difficulty  is  overcome,  as  the  density  of  the 
shadow  caused  by  the  bromide  solution 
gradually  increases,  and  while  the  concre- 
tion is  still  visible  through  the  solution, 
the  patient  may  be  rotated  and  palpation 
used. 

If  the  calculus  is  in  the  cortex  of  the 
kidney,  of  course  the  bromide  solution  will 
not  reach  it,  but  the  concretion  and  the 
bromide  shadow  should  move  in  unison  on 
deep  inspiration  and  on  palpation,  and 
the  parallax  method  will  roughly  show  that 
the  difl'erence  in  their  relative  horizontal 
planes  is  not  greater  than  the  thickness  of 
the  normal  kidney.  There  are  cases,  how- 
ever, in  which  suspicious  shadows  cannot 
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be  detected  upon  roentgenoscopic  examina- 
tion, but  these  are  very  few,  and  in  the 
cases  where  the  concretion  may  be  seen  the 
information  afforded  by  the  roentgeno- 
scope  has  been  of  such  great  assistance 
that  at  present  we  employ  this  method  as 
a  routine.  I  may  also  say  that  even  in 
cases  where  the  injection  of  bromide  solu- 
tion is  done  for  other  reasons  than  the 
diagnosis    of    a    calculus,    we    invariably 


watch  the  fdiing  of  the  kidney  pelvis  and 
ureter  by  roentgenoscopic  observation. 

We  use  approximately  the  same  miliiam- 
perage  and  spark-gap  that  we  use  in  ordi- 
nary roentgenoscopic  examinations  of  the 
gastrointestinal  tract,  namely,  3  ma.  and 
a  5J^  in.  gap  on  a  rheostate  setting,  and 
by  regulating  the  Coolidge  control  the 
penetration  and  miiliamperage  may  be 
varied  in\'erselv. 


REPORT  OF  RESULTS  OF  X-RAY  TREATMENT  IN 
PYORRHEA  ALVEOLARIS* 


BV    G.    VON    POSWIK,    M.D. 


SCRANTON,    PENNSYLVANIA 


WHILE  listening  to  Dr.  Hickey,  last 
September,  in  Washington,  report- 
ing results  in  treating  diphtheria  carriers 
and  producing  negative  bacteriology  find- 
ings within  the  course  of  a  few  hours, 
the  happ3'  thought  struck  me,  that  pyor- 
rhea alveolaris  might  be  treated  by  roent- 
gen rays.  As  far  as  we  know,  there  is  no 
curative  treatment  for  pyorrhea.  We  do 
not  know  the  exact  etiology  of  that 
disease,  hence  all  the  local  and  systemic 
treatments  have  shown  only  temporary 
relief. 

The  study  of  oral  sepsis  is  a  branch  in 
medicine  which  has  come  into  prominence 
during  the  last  few  years.  The  ancient 
Egyptians  knew  how  to  take  care  of  their 
carious  teeth.  They  replaced  lost  teeth  by 
gold  ones,  filled  cavities,  and  even  straight- 
ened teeth  by  wire  arrangements.  The 
evidence  of  their  skill  is  found  on  paintings 
and  also  in  the  mummies  which  have  been 
exhumed,  but  there  is  no  evidence  of 
treating  pyorrhea. 

Is  pyorrhea  alveolaris  caused  by  here- 
dity? Is  it  a  systemic  condition,  or  are 
local  causes  responsible  for  it?  Is  it  a 
combination  of  systemic  and  local  causes? 

Pyorrhea  may  be  found  where  otherwise 
perfect  teeth  arc  present.  Bass  and  Johns 
of  Tulnne  University  thought  surely  they 
had  found  the  cause  when  they  demon- 
strated the  fusiform  bacillus  and  Entameba 
buccalis  in  the  mouths  of  patients  who 
suffered  from  amebic  dysentery.  They 
based  their  statements  on  their  experience 
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with  the  employes  who  constructed  the 
Panama  Canal.  Many  of  then  contracted 
amebic  dysentery  and  the  fusiform  bacillus 
and  Entameba  buccalis  were  found  around 
the  alveoli  and  in  the  stools. 

Tartar  formation  is  the  most  prominent 
symptom.  Proper  scaling  and  medicinal 
applications  give  relief,  but  do  not  effect 
a  cure. 

Now  what  can  .v-ray  treatment  do? 
I  submit  3  cases,  each  of  a  different  type, 
with  a  prompt  clinical  result  within  a  short 
period  of  time. 

Case  I.  Female,  fifty-seven  years  old, 
suffering  with  intercostal  neuralgia  and 
indigestion.  She  vomits  at  times,  is  very 
nervous,  has  headaches,  and  appears  to 
be  anemic;  had  typhoid  and  the  menopause 
when  thirty-three.  She  had  given  birth 
to  eight  children.  Family  history  was 
negati\e.  The  oral  findings  are  as  follows: 
An  upper  artificial  plate,  in  the  lower  jaw 
some  of  the  molars  were  extracted.  The 
rest  of  the  teeth  were  loose.  The  gums 
were  swollen  and  spongy,  bleeding  when 
touched.  On  pressure,  pus  came  forth.  She 
informed  me  that  these  teeth  must  come 
out,  as  all  were  loose.  She  received  her 
first  treatment  on  October  8th.  On  October 
25th,  the  gums  were  still  somewhat  swollen, 
but  there  was  no  pus.  Some  of  the  teeth 
were  beginning  to  tighten.  Treatment 
given.  On  November  6th,  the  patient 
entered  with  a  smile.  "My  pain  is  gone  and 
my  teeth  are  improving,"  she  said.  Exami- 
nation showed  no  pus,  the  gums  were  firm 
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and  pink,  but  the  teeth  were  still  loose. 
It  looked  as  if  something  were  missing 
between  the  teeth  and  the  mucous  mem- 
brane. By  pulhng  the  gums  from  the  teeth, 
one  could  look  away  down  to  the  roots, 
but  the  mucous  membrane  had  a  healthy 
appearance.  No  treatment  was  given. 
Patient  reported  December  30th,  and 
gums  looked  healthy  and  the  teeth  were 
firm.  She  remarked  that  she  could  crack 
nuts  with  these  teeth. 

Case  II.  Male,  forty-nine  years  old, 
policeman.  This  patient  was  referred  to  me 
because  the  upper  centrals,  laterals  and 
cuspids  were  very  loose.  The  rest  of  the 
teeth  were  replaced  by  a  partial  plate. 
This  patient  suffered  from  a  marked  gingi- 
vitis. The  gums  were  not  quite  as  spongy 
as  in  the  first  case,  but  they  bled  when 
touched  and  showed  pus  on  pressure. 
Had  been  under  mercurial  treatment  seven 
years  previous.  He  received  his  first 
x-ray  treatment  on  Nov.  loth.  After  one 
week's  time,  improvement  of  the  gums 
was  noticed.  On  Nov.  15th,  the  patient 
stated  that  the  teeth  on  the  left  side  were 
somewhat  firmer.  On  December  8th,  im- 
provement was  marked.  The  gums  looked 
healthy,  but  another  treatment  was  given. 
On  December  28th,  the  patient  reported 
the  teeth  of  the  left  side  were  firm,  while 
the  right  cuspids  and  lateral  incisors  had 
improN  ed,  but  were  still  somewhat  loose. 

Case  III.  Male,  aged  forty.  Suff"ering 
from  symptoms  of  duodenal  ulcer.  A'-ray 
findings  proved  this  diagnosis.  Two  years 
previously  he  had  had  his  appendix 
removed,  and  two  weeks  previously  his 
teeth  had  been  scaled.  The  examination 
showed  several  of  the  teeth  to  be  loose,  and 
pus  could  be  expressed  from  the  gums.  Sev- 


eral painful  spots  were  noticed  on  pressure 
over  different  roots  of  the  teeth.  The  gums 
were  not  as  spongy  as  in  the  other  two 
cases.  Treatment  was  given.  After  one 
week  there  was  a  marked  improvement, 
which  I  attributed  to  the  previous  scaling. 
The  painful  spots  over  the  roots,  which 
had  been  proven  by  x-ray  examination 
to  be  apical  pathology,  had  disappeared. 
That  it  was  the  direct  result  of  the  x-ray 
treatment  I  cannot  prove. 

My  present  plans  are  the  following: 

1.  Take  the  history  of  the  patient  and 
pay  particular  attention  to  the  oral 
conditions. 

2.  Make  a  bacteriological  examination. 

3.  -?^-ra}-  examination. 

4.  Have  teeth  scaled.  Instruct  dentist 
not  to  use  iodine  or  anything  contraindi- 
cating  x-ray  treatments.  No  toothbrush. 

5.  X-ray  treatment  p.  r.  n. 

6.  Weekly  inspection. 

7.  Make  bacteriological  examination  be- 
fore  each  treatment. 

8.  Follow  up  cases  as  long  as  possible 
to  determine  whether  a  permanent  cure  is 
established. 

The  following  technique  was  used  with 
the  first  patient: 


Ma. 

Time          Distance       Sp. 

G. 

Filter 

6 

6             6H  in.           8 

Aluminum  2  mm. 
Wood           I  in. 
Aluminum  2  mm. 
Sole  leather 

but 

was  changed  thus: 

Ma. 

Time           Distance      Si'. 

G. 

Filter 

5 

4            6>2  in.          8 

Aluminum  2  mm. 
Wood           1  in. 
Sole  leather 

for  the  second  and  third. 


FIFTEEN  YEARS'  EXPERIENCE  WITH  THE  FRACTIONAL 

DOSE  METHOD  OF  TREATING  CUTANEOUS 

MALIGNANCIES* 


BY.   J.    M.    MARTIN,    M.D. 


DALLAS,    TEXAS 


Y  INTEREST  in  roentgen  therapy 
dates  from  1900.  The  .x-rays  had 
even  at  that  early  date  won  a  considerable 
reputation  as  therapeutic  agents  in  the 
treatment  of  skin  mahgnancy.  At  the  third 
annual  meeting  of  the  American  Roentgen 
Ray  Society  at  Chicago  in  1902,  instruc- 
tive papers  covering  the  treatment  of 
skin  cancer  were  read  by  a  number  of  men, 
prominent  among  whom  was  the  late  Dr. 
John  B.  Murphy.  These  papers  were 
enthusiastically  discussed  and  freely  en- 
dorsed by  members  of  the  society,  some  of 
whom  are  still  acti^"e.  While  there  was  a 
marked  difference  of  opinion  as  to  the  rela- 
tive ^'alue  of  the  static  machine  and  the 
induction  coil  as  x-ray  generators,  and  a 
great  deal  was  said  regarding  a  correct 
technique,  low  and  high  vacuum  tubes, 
target-skin  distance,  length  of  exposure 
etc.,  the  reported  end-results  of  all  of  the 
workers  appeared  to  be  excellent.  Being 
new  in  the  field  at  that  time  and  uninitiated 
into  the  mysteries  of  this  therapeutic 
method,  I  was  forced  to  the  conclusion 
that  skin  cancer  might  be  healed  with 
.v-rays  even  when  the  manner  of  their 
application  varied  considerably.  The  most 
popular  technique  at  that  time  required 
an  exposure  often  minutes  to  the  unfiltered 
rays  of  a  low  vacuum  tube  at  a  target- 
skin  distance  of  from  6)9  to  8^->  in.  with  a 
parallel  spark-gap  of  about  3  in.  No 
attempt  was  made  to  measure  the  high- 
tension  current.  The  exposures  were  to  be 
repeated  e\ery  day  until  redness,  heat 
and  itching  became  noticeable  symptoms. 
At  this  point  it  was  thought  best  to  stop 
the  treatment  for  from  two  to  seven  days, 
after  which  the  same  method  was  to  be 
resumed  and  so  continued  until  the  lesion 
was  impro\ed  or  had  disappeared.  It  was 
stated  that  cases  were  usually  kept  under 
treatment  for  four  months  or  e\cn  longer. 
When  we  consider  that  in  those  days  the 
work  was  done  with  the  static  machine 


and  small  induction  coils,  and  that  doses 
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were  given  in  inexact  terms,  we  realize 
that  the  actual  doses  administered  must 
ha\e  \aried  widely.  This  indefinite  method 
of  dose  administration  slowly  gave  way  to 
the  pastilles  and  photographic  strips  and 
finally  to  the  present  somewhat  imperfect 
though  very  satisfactory  method  of  factor 
determination.  No  doubt  in  the  not  far 
distant  future  some  more  accurate  method 
will  be  forthcoming;  possibly  some  form  of 
a  practical  ionization  chamber  devised  to 
read  directlj"  in  terms  of  roentgen-ray 
intensity. 

When  the  hot  wire  milliammeter  reached 
a  point  in  its  de\elopment  where  it  was,  in 
a  measure,  reliable,  we  learned  that  we 
had  been  using  a  high-tension  current  of 
approximately  2  ma.  in  the  treatment  of 
epithelioma.  Unfiltered  doses  of  20  ma. 
mm.  administered  at  a  target  skin  distance 
of  12  in.  with  a  3  in.  parallel  spark-gap, 
would  produce  a  tanning  of  the  skin  when 
repeated  three  times  within  a  period  of 
ten  or  twelve  days.  Six  exposures  gi\'en  at 
two-day  intervals  would  produce  a  distinct 
skin  reaction,  and  after  ten  such  exposures 
a  rather  active  dermatitis  was  set  up  which 
usually  healed  in  four  to  six  weeks. 

If  we  accept  the  constant  '*?^4, 
advocated  by  \\  itherbee  and  Remer  as 
representing  an  erythema  dose,  and  sub- 
stitute our  factors  in  this  formula,  the 
dose  administered  at  each  seance  was 
approximately  one-half  an  erythema  dose. 
The  three  exposures  would  have 
amounted  to  one  and  a  half  erythema 
doses  and  the  six  exposures  would  have  pro- 
duced about  three  erythema  doses;  while 
the  maximum  often  exposures  would  have 
totaled  fi\e  erythema  closes.  A  day  or 
two  elapsed  between  exposures  and  in 
actual  practice  three  such  exposures  were 
rec[uired  to  produce  an  erythema.  It  seems 
probable,  therefore,  that  with  such  a 
technit[ue  six  exposures  represented  two 
erythema  doses  and  ten  exposures  repre- 
sented    approximately     three     erythema 
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doses.  With  a  gas  tube  and  an  unrehable 
milhamnieter,     constant     duplication     ot 


unusually  heavy,  but  it  must  be  remem- 
bered that  three  ervthema  doses  siven  at 


Fig.  I.  Epitlielioma  of  the  face  and  neck,  declared  inoperable.  Treated  in  1907  with  the  gas  tube, 
induction  coil  and  the  fractional  dose  method.  The  lesions  healed  without  complications  and  the 
skin  is  smooth  and  free  from  after-effects  of  the  treatment. 


Fic.  2.  Epithcli. .111,1  t.l  llie  temple  Je.^ion  treated  in  1907  with  the  induction  coil,  gas  tube  and  the 
fractional  dose  method.  The  area  treated  was  perfectly  smooth  and  free  from  after-effects  at  the 
time  of  death  from  pneumonia,  seven  years  later. 


was 


dosage 

may     appear 


impossible.     The     dosage 
at     first     thought    to    be 


one  sitting  will  produce  a  greater  degree  of 
reaction  in  the   skin  than  will  the  same 
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amount  of  exposure  divided  into  ten  tutes  about  -.-  erythema  dose,  according 
periods  spaced  over  a  number  of  days.  It  to  the  calculations  of  Witherbee  and 
is  also  my  firm  con^■iction  that  \-ery  hea\y      Remer.       He      shows      photographs      of 


Fig.  3.  Removed  by  means  of  seven  erythema  closes  of  A-rays  totaling  17,  ma.  min.  There  is  absolutely 
no  scar  or  discoloration   over  the   area   treated. 

doses  must  be  applied  to  skin  malignancy     patients  whose  skin  appears  to  be  perfectly 

if   the    best    results    are    desired.    Serious     healed  following  this  procedure. 

sequcllae     have    not    in    my    experience  In   my   earlier  work    I    depended   more 


Fig.  4.  Epithelioma  of  the  nose  completely  removed  by  six  -v-ray  exposures  totaling  150  ma.  mm.  No 
deformity  exists  and  a  very  slight  scar  remains  after  more  than  two  years. 

occurred  in  the  skin  following  such  doses,  upon  the  appearance  of  the  skin  during 
Bowen  has  recently  stated  that  he  admin-  the  application  of  the  divided  doses  than 
isters  a  dose  at  one  seance  \\  hicli  consti-     upon  the  factors  used.  It  was  mj'  custom  to 
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administer  a  dose  every  second  day  until  but  the  end-results  were  for  the  most  part 

a  good  reaction  appeared.  This  gave  me  very  satisfactory  and  justified  the  resulting 

assurance  that   the   patient   had    received  crusts  and  exudates  that  were   produced 

a  total  dose  amounting  to  much  more  than  temporarily. 


Fig.  5.  Epitlielioma  beneath  the  ear.  Aitir  si\  ei\  thrma  doses  the  lesion  appeared  to  heal.  Two  months 
later  there  was  evidence  of  the  growth  returning.  Four  additional  exposures  were  given  followed  by 
complete  disappearance  of  the  lesion. 


an  erythema  dose.  This  method  still 
appears  to  me  to  be  a  valuable  one  since 
various  lesions  in  different  parts  of  the  body 
in  people  of  different  ages  seem  to  react 


In  1918  the  gas  tube  was  fmalh'  replaced 
by  a  Coolidge  tube  energized  by  an  inter- 
rupterless  transformer.  A  more  radical 
technique  was  adopted  because  certain  of 


Fig.  6.  Epithelioma  of  the  temple  region  complete 
.\-rays  totaling  175  ma.  min.  The  skin  over  t' 
absolutely  no  scar  to  mark  the  location  of  this  ug 

differently.  For  instance,  a  reaction  appears 
earlier  on  the  mucous  membrane  of  the 
lower  lip  than  over  the  skin  of  the  back. 
Some  of  the  reactions  obtained  had  a 
forbidding   appearance   for  a   few   weeks, 


■ly  removed  by  means  of  seven  eiylhcin.i  cooco  ..^ 
he  area  treated  is  slightly  lighter  in  color,  but  there  is 
;ly  lesion. 

the  more  stubborn  lesions  had  not  yielded 
to  one  series  as  previously  given.  The  fac- 
tors for  a  single  exposure  consisted  of  a 
lo-in.  target-skin  distance,  a  5-in.  spark- 
gap,  5  ma.  of  current,  H  i"™-  of  aluminum 
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placed  just  beneath  the  tuije,  and  an  expo-     lesions   recei\ed   from   two  to   four  expo- 
sure lasting  five  minutes.  The  exposures     sures  while  the  growths  of  moderate  size 


Fig.   7.   Epitliflionia  ol   the  lace  which  required  nine  erythema  doses  totaling  225  ma.  min.  There  arc  no 

undesirable  after-effects. 

were    given    every    other    day    and    the     received   six  exposures.  Only  occasionally 
number  ranged  from  two  to  ten.  According     was  it  found  necessary  to  use  as  many  as 


Fig.  8.  Fpillielioma  ol'  the  upper  lip  wliich  responded  promptly  to  six  erythema  doses  of  liltercd  rays, 
totaling  150  ma.  min.  Tlic  area  covered  by  the  lesion  is  perfectly  smooth  and  the  tissues  arc  soft. 
T\yo  and  a  half  years  alter  treatment  there  is  absolutely  no  trace  of  the  lesion,  the  area  treated 
being  but  a  shade  whiter  than  the  surrounding  skin. 


t(i  tlu'  lorniula  ol  \\  itherbee  and  Rcnicr 
for  filtered  dosage,  an  or\  thema  dose  was 
administered  at  each  sitting.  The  smaller     of  exposures.  The  rays  were,  in  each  case. 


ten   exposures.   The  only   factor  that  was 
\aried  with  this  technique  was  the  number 
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sharply  hmited,  by  means  of  cones  and  minum,  and  four  thiclcnesses  of  sole-leather 
shields,  to  the  lesion  and  a  narrow  strip  of  with  an  8  in.  parallel  spark-gap  and  a 
skin     surrounding     it.     When     practical,      target-skin  distance  of  10  in.   I   have  not 


Fig.  0.  Epithelioma  covering  two-thirds  of  the  lower  lip.  Eleven  erythema  doses  totaling  275  ma.  min. 
given  from  different  positions  were  distributed  over  a  period  of  six  weeks.  Two  years  after  treatment 
there  was  no  noticeable  evidence  of  the  lesion  or  the  after-effects  of  the  treatment. 


the  skin  covering  the  lymphatic  channels 
draining  the  area  occupied  by  the  lesion 


seen   fit   to   alter  this   technique   and   am 

using  it  at  the  present  time. 


^^^ 


'^iff^K- 


.^!Sr- 


L 


Fig.  10.  Deeply  ulcerated  epithelioma  of  the  lower  lip  which  responded  successfully  to  six  erj^thema  doses 
of  .v-rays  totaling   150  ma.  min.  The  treatments  were  given  every  second  day.  There  is  no  scar  or 
other  noticeable  effect  of  the  disease  or  after-effect  of  the  method  of  treatment. 

was  subjected  to  an  erythema  dose  adminis-  The  greater  number  of  my  patients  come 

tered   through    heavier    filters.    Fifty    ma.      from  a  distance  and  as  a  rule  these  people 
min.    were  given   through   4   mm.  of  alu-     are  not  able  to   remain   under  treatment 
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longer  than  two  weeks,  neither  are  they 
willing  to  return  at  monthly  intervals, 
as  is  too  often  necessary  when  the  single 
exposure  intensive  method  is  used.  This 
latter  has  not  been  productive  of  good 
results  in  my  hands.  Perhaps  the  single 
doses  administered  were  not  large  enough. 
Be  that  as  it  may,  the  majority  of  the  cases 
treated  by  the  multiple-dose  method  do  not 
as  a  rule  require  a  second  series  of  treat- 
ments. In  all  but  the  small  lesions  a  second- 
degree  reaction  is  produced,  no  matter  how 
large  the  growth  may  be  or  where  it  is 
located.    Many   will,    no   doubt,    cjuestion 


in  small  numbers.  However,  the  skin  is 
smooth  and  soft  and  shows  none  of  the 
deformity  that  so  often  follows  surgery. 
The  changes  that  do  occur  are  of  such 
slight  importance  when  compared  with  the 
original  lesion  that  their  avoidance  should 
not  prejudice  the  roentgenologist  in  favor 
of  insufficient  dosage. 

We  make  it  a  rule  to  photograph 
e\ery  case  before  the  treatment  is  started, 
and  at  different  times  during  the  period  of 
treatment,  should  anything  of  interest 
appear.  The  photograph  is  the  best  of  all 
records.  The  negati^•es  are  never  retouched 


Fig.  II.  An  extensive  epithelioma  covering  three-fourths  of  the  lower  lip  and  extending  well  down  on 
the  mucous  membrane  on  the  inside  of  the  lip.  The  growth  was  a  stubborn  one.  The  first  series  of 
eight  erythema  doses  was  not  sufficient  to  destroy  the  lesion.  At  the  end  of  two  months  there  was 
evidence  of  return.  A  second  series  of  six  erj'thema  doses  was  given  with  successful  results.  There 
is  no  deformity  in  the  tissues  or  unpleasant  after-efTect  after  more  than  three  j-ears.  There  is  a  slight 
degree  of  atrophy  and  the  skin  over  the  area  treated  is  thin,  noticeable  only  to  one  who  understands 
the  cause.  Two  heavier  filtered  doses  were  applied  to  the  areas  over  the  jaw  and  neck  on  either  side.  No 
other  method  of  treatment  was  used. 


the  advisability  of  this  procedure,  but  my 
experience  has  strengthened  my  belief 
that  the  treatment  of  cancer  must  be  radi- 
cal. Continuous  attempts  at  therapy  will 
often  do  more  harm  than  good.  Results  are 
never  so  good  when  it  is  found  necessary 
to  ray  again  a  lesion  that  was  insuflicicntly 
rayed  a  month  or  six  weeks  pre\iously. 
The  neoplasm  should  be  annihilated  once 
and  for  all  during  the  first  series  of  treat- 
ments. In  my  experience,  atrophy,  telan- 
giectasis, keratosis  etc.,  arc  not  disturbing 
after-results.  The  skin  at  the  site  occupied 
by  the  lesion  often  shows  some  atrophy 
and  occasionally  telangiectases  are  present 


or  changed  in  any  way.  \\  hen  the  cases  of 
epithelioma  are  discharged  or  sent  home, 
they  are  given  ten  postal  cards  with  our 
address  printed  on  the  front,  and  with  the 
patient's  number  and  a  few  questions  on 
the  back,  together  with  a  date  in  red  ink, 
on  which  each  card  is  to  be  filled  in  and 
returned.  These  cards  are  to  be  returned 
ever}^  six  months.  Should  a  patient  fail  to 
send  in  his  cards  we  write  him  once  a  year; 
usually  a  little  before  the  Christmas 
holidays.  This  generally  brings  a  reply 
and  the  desired  information.  Should  a 
patient  be  dead,  our  letter  will  nearly 
always  get  a  reply  from  some  member  of 


Fractional  Dose  Method  of  Treating  Cutaneous  Malignancies 


733 


the  faniil}'.  This  follow-up  system  Is 
simple,  inexpensive  and  is  meeting  with 
splendid  success.  In  the  course  of  time  we 
hope  to  have  some  statistics  that  will  be 
dependable.  We  have  been  following  our 
cases  In  this  manner  for  only  four  years. 
Had  we  started  this  follow-up  system  with 
photographs  and  complete  records  ten 
years  ago,  our  statistics  on  .\-ray  therapy 
for  skin  mallgnancj'  would  at  present  cover 
over  2,000  cases  and  would  offer  strong 
evidence  in  favor  of  the  technique  described 
In  this  paper. 

From  long  experience  we  are  of  the 
opinion  that  repeated  erythema  doses  of 
.v-rays  In  the  treatment  of  malignant 
conditions  of  the  skin  are  productive 
of  better  results  and  more  lasting  effects 
than  single-dose  methods.  Our  conclusions 
are  based  upon  an  experience  of  more  than 
fifteen  years  during  which  we  have  treated 
more  than  2,000  cases. 

DISCUSSION 

Dr.  Erskine.  In  the  smokers  who  had 
malignancies  what  percentage  of  them  habit- 
ually held  the  cigar  on  the  other  side  from 
which  the  lesion  appeared? 

Dr.  Lawrence.  I  am  using  tiie  single-dose 
method.  My  experience  also  dates  back  to 
the  time  when  all  of  us  used  fractional  doses. 
Cures  were  very  satisfactory  at  that  time,  but 
now  I  am  using  the  single-dose  method  without 
filtration,  giving  one  full  erythema  dose.  A 
month  later,  when  the  lesion  is  completely 
healed,  I  give  one  filtered  dose  a  little  short  of 
erythema.  We  can  cure  these  cases  by  either 
method,  but  the  single-dose  method  is  time- 
saving  and  to  me  more  satisfactory.  I  use 
electric  coagulation  on  all  cases  showing  an 
elevated  growth. 

Dr.  Martin  (closing  discussion).  Answer- 
ing Dr.  Erskine's  question,  I  have  no  record  of 
a  single  case  of  epithelioma  of  the  lower  lip 


where  the  lesion  appeared  on  the  opposite  side 
from  that  on  which  the  cigar  was  held.  In  regard 
to  the  smoker  with  a  lesion  of  the  lower  lip,  it 
is  my  experience  that  the  majority  of  people 
who  haAC  lesions  of  the  lower  lip  are  smokers. 
Many  of  the  cases  shown  came  into  the  office 
with  cigars  between  their  lips,  and  had  they 
not  been  smoking  at  the  time,  I  am  so  sensitive 
to  tobacco  smoke,  that  I  could  have  detected 
the  odor  on  their  clothing  or  breath.  I  believe 
that  most  roentgenologists  of  experience  agree 
with  me  that  these  people  must  discontinue 
smoking  if  satisfactory  results  from  .v-ray 
treatment  are  to  be  obtained.  After  the  lesion 
has  been  removed  a  return  to  smoking  increases 
the  danger  of  a  recurrence  of  the  lesion. 

Lesions  that  have  not  responded  after  two  or 
more  series  of  .v-ray  exposures  appear  to  have 
established  a  sort  of  immunity  to  .v-ray  influ- 
ence, and  further  treatment  should  be  dis- 
continued. I  prefer  to  receive  cases  that  have 
not  been  previously  treated  by  .v-raj'  methods. 

The  erythema  dose  mentioned  in  this  article 
is  based  on  the  methods  of  ^\'itherbee  and 
Remer.  Personally,  I  do  not  believe  there  is 
any  such  a  thing  as  a  standard  erythema  dose. 
The  amount  of  .v-rays  that  will  redden  the  skin 
of  one  individual  may  not  make  the  least  notice- 
able change  in  the  skin  of  another  individual. 
In  heavily-filtered  doses  of  deep  therapy  a 
slight  tan  may  be  produced  after  an  hour's 
exposure  and  the  time  may  be  doubled  without 
producing  a  serious  dermatitis.  Neither  do  I 
believe  there  is  a  standard  single  carcinoma 
dose.  Certain  doses  recommended  may  inhibit 
the  carcinoma  cells  and  many  of  them  may  be 
actually  destroyed  but,  in  my  opinion,  some  of 
them  often  escape  actual  destruction  and  may 
break  through  the  induced  fibrosis  and  set  up  a 
recurrence  months  later. 

Through  the  technique  of  repeated  doses  I 
strive  to  destroy  actually  every  cell  in  the  lesion 
by  producing  an  active  tissue  destruction. 
The  results  of  such  treatment  have  been  shown 
in  the  slides  and  pictures.  I  would  be  much 
gratified  if  I  could  get  the  same  universally 
good  results  from  single  exposures. 


RADIUM  NEEDLES  IN 
TONGUE: 


MALIGNANT  GROWTHS  OE  THE 
THE  TIME  FACTOR 


BY    A.   JAMES   LARK  IN,    M.D. 


CHICAGO,    ILLINOIS 


IN  malignancies  of  the  tongue,  eight- 
to  ten-hour  applications  of  radium 
needles  give  best  results.  Reports  are  given 
herewith  of  five  malignant  growths  in 
which  the  time  factor  was  varied  design- 
edly. In  all  cases,  standard  twelve  and 
one-half  milligram  needles  were  used. 

These  cases  present  fairly  smiilar  char- 
acteristics in  that  all  were  men  between 
the  ages  of  fifty  and  sixty  years,  all  were 
in  good  general  condition  and  no  lesion  was 
of  more  than  eight  months'  duration. 
Microscopic  sections  revealed  squamous- 
cell  sarcoma  in  4  and  mixed-cell  sarcoma  in 
I,  the  latter  diagnosis  seeming  to  justity 
the  rather  destructive  dosage  employed. 
The  needles  were  placed  i  cm.  apart,  smce 
clinical  experience  seems  to  indicate  it. 
Approximately  13  per  cent  of  the  hard 
beta  rays  are  available  from  standard  steel 
needles. 

In  the  cases  reported  the  needles  were 
placed  parallel  i  cm.  apart  at  or  i  mm. 
beyond  the  periphery  of  the  induration, 
and  homogeneously  distributed  through 
the  center  of  the  lesion.  In  each  case  the 
lymphatics  draining  the  area  were  irra- 
diated to  the  skin  tolerance  dosage  with 
gamma  ray. 

Brief  case  records  are  as  follows: 

Case  I.  Male,  aged  fifty-five.  Good 
physical  condition. 

Lesion.  Present  six  months;  size  and 
shape  of  an  almond;  raised,  ulcerated, 
cauliflower,  bleeding,  indurated  and  pain- 
ful. Located  in  the  central  portion  of  the 
margin  and  \entral  surface  of  the  right 
side  of  the  tongue.  No  palpable  lymph- 
nodes.  Microscopic  diagnosis,  squamous- 
cell  carcinoma. 

TreatmcnI.  No\'.  i~,  192 1.  Four  50  mg. 
needles  inserted  about  the  periphery  for 
six  hours — 300  mg.  hrs.  Lymphatic  area 
irradiated  with  gamma  vi\\. 

Course.  June  i,  1922.  Lesion  did  not 
entirely  disappear.  Apr.  3,  1923.  Patient 
alive,  has  cxtensi\e  recurrences  in\ol\ing 
the  site  and  the  iloor  of  the  mouth. 

Case  II.  Male,  aged  fifty.  Good  general 
condition. 


Lesion.  Present  8  months;  3  X  2.5  cm. 
on  left  margin  and  ventral  surface  of 
middle  portion  of  the  tongue,  indurated, 
ulcerated,  friable,  bleeding,  with  but  little 
pain.  No  palpable  lymph-nodes.  Micro- 
scopic diagnosis,  squamous-cell  carcinoma. 

Treatment.  Sept.  5,  1922.  Eight  100  mg. 
needles  inserted  parallel,  i  cm.  apart  in 
and  at  the  periphery  of  the  induration  for 
eight  hours — 800  mg.  hrs.  Lymphatic  area 
irradiated  to  skin  tolerance  dosage  with 
gamma  ray. 

Course.  Jan.  15,  1923.  Lesion  healed. 
Smooth  small  white  scar,  no  glands.  Gain 
of  10  lbs.  Apr.  3,  1923.  Lesion  healed,  no 
palpable  lymph-nodes,  no  pain. 

Case  III.     Male,  aged  fifty-seven. 

Lesion.  Present  six  months.  Ulcer  1.5 
X  I  cm.  left  dorsum  of  tongue,  punched- 
out  border.  Induration  for  1.5  cm.  beyond 
ulcer  margin.  Several  palpable  lymph- 
nodes  on  both  sides  of  the  neck  from  .5 
to  3  cm.  in  diameter.  Microscopic  diagno- 
sis, squamous-cell  carcinoma. 

Treatment.  Feb.  20,  1923.  Eight  100  mg. 
needles  inserted  i  cm.  apart  in  and  around 
the  periphery  of  the  lesion  for  ten  hours — 
1,000  mg.  hrs.  Lymphatic  area  hea\ily 
irradiated  with  gamma  ray. 

Course.  Mar.  26,  1923.  Lesion  healed, 
no  induration,  firm  rubbery  condition  with 
depression  at  site  of  ulcer.  Apr.  3,  1923. 
Lesion  healed,  small  depressed  white  scar, 
lymph-nodes  same  as  before  treatment. 

Case  IV.  Male,  aged  fifty-five.  Fair 
general  condition.  Lost  some  weight. 

Lesion.  Present  four  months.  Left  halt 
of  tongue  from  base  to  within  i  cm.  ot  tip, 
in\"olved  in  induration  ulcer  3X2X1 
cm.  No  palpable  lymph-nodes.  Patient 
complains  of  headaches.  Microscopic  diag- 
nosis, squamous-cell  carcinoma. 

Treatment.  Oct.  14,  1922.  Eight  100  mg. 
needles  inserted  parallel  i  cm.  apart  into 
one-half  of  the  lesion,  for  twel\e  hours — 
2,400  mg.  hrs.— repeated  two  days  later  in 
the  other  half. 

Lymphatic  area  irradiated  to  skin  toler- 
ance dosage  with  gamma  ra\ . 

Course.     Oozing  heniorrha<ie  with  large 
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slough  iuN'oKing  whole  ulcerated  area. 
Crater  3.5  X  3  X  1.5  cm.  present.  Dec.  22, 
1922.  Ulcerated  crater  still  present;  patient 
in  coma  for  three  days.  Died  of  metastasis 
to  the  brain. 

Case  V.  Male,  aged  fifty-six.  Fair 
general  condition.  Lost  some  weight. 

Lesion.  Present  three  months;  size  of 
small  hen's  egg,  smooth,  hard,  ulcerated 
superficially,  with  broad  pedicle,  non-indu- 
rated base.  Located  on  anterior  portion 
right  margin  and  ventral  surface  of  the 
tongue.  No  involvement  of  lymph-nodes. 
Microscopic  diagnosis,  mixed-cell  sarcoma. 

Treatment.  Jan.  i-,  1923.  Eight  100  mg. 
needles  inserted  into  pedicle  close  to  base 
for  eighteen  hours — 1,800  mg.  hrs. 

Course.  Feb.  i~,  1923.  Lesion  com- 
pletely sloughed  off,  leaving  broad  slough- 
ing   area    3.5  X  3  X  i     cm.    encroaching 

THE  RADIUxM  EMANATION  SLIDE  RULE  FOR  USE  IN  THE 

FIELD  OF  THERAPEUTICS 

BY  JOHN  RANSOM,  B.S. 

Frank  Edward  Simpsun  Radium  Institute 

CHICAGO,    ILLINOIS 


markedly  into  normal  tissue.  Reaction 
severe.  Patient  weak.  Lost  20  lbs.  Apr.  3, 
1923,  ulceration  i  X  1.5  cm.  healing. 
Crater  in  the  tongue.  Patient  much 
impro\-ed.  No  in\oKement  of  lymph-nodes. 

CONCLUSIONS 

1.  Standard  needles  containing  12.5  mg. 
radium  element  placed  i  cm.  apart  and 
parallel  in  malignant  growths  of  the  tongue 
yield  the  best  clinical  results  if  left  in 
place  eight  to  ten  hours. 

2.  Six-hour  application  permits  of  recur- 
rence in  situ. 

3.  Twelve  and  eighteen-hour  applica- 
tions produce  excessive  sloughing  with 
tendency  to  hemorrhage  and  such  severe 
reactions  that  the  patient's  local  and 
general    resistance   are   seriously    lowered. 


THE  convenience  and  usefulness  of  the 
ordinary  types  of  slide  rule  are  well 
known  and  appreciated  by  those  accus- 
tomed to  its  use.  Di\ided  with  special 
scales  for  the  solution  of  particular  prob- 
lems in  certain  fields,  the  slide  rule  has 
many  times  in  the  past  been  applied  to 
very  great  advantage,  and  we  are  hopeful 
therefore  that  it  may  serve  in  the  field  ot 
therapeutics  as  well. 

Taking  the  i\Lannheim  type  of  slide  rule, 
we  ha\e  substituted  for  the  trigonometric 
and  logarithmic  scales  on  the  back  of  the 
slide,  two  special  scales,  one  (marked  F, 
Figure  i)  for  computing  the  decay  of 
radium  emanation  and  the  other  (marked 
E)  for  computing  millicurie-hours  by  find- 
ing the  integral  of  the  strength  of  the 
radium  emanation  into  the  time,  or 

The  logarithmic  scale,  or  what  is  often 
called  the  scale  of  equal  parts,  has  been 
divided  upon  the  front  side  of  the  slide 
between  the  B  and  C  scales,  thus  permit- 


ting all  the  operations  possible  with  the 
regular  Mannheim  rule,  except  those  of 
finding  sines  and  tangents. 

To  use  the  special  scales  the  slide  is 
reversed,  thus  bringing  the  emanation 
decay  scale,  F,  o^■er  the  logarithmically 
divided  scale  lettered  D;  and  scale  E, 
which  we  might  call  the  dosage  scale, 
under  the  logarithmic  double  scale  A. 

The  decay  scale,  F,  figured  in  days,  is 
one  of  equal  parts  due  to  the  fact  that  the 
emanation  decay  is  exponential.  This  is 
clearly  seen  to  be  the  case  when  it  is  remem- 
bered that  the  slide  rule  geometrically 
adds  logarithms  and  that  log  e"'''  is  propor- 
tional to  the  time  t. 

To  use  the  decay  scale,  F,  either  the  right 
or  left  end  mark,  the  proper  one  being 
found  by  trial,  is  brought  over  the  strength 
of  the  emanation  on  the  contiguous  scale 
D;  and  under  the  time  in  days  and  hours 
on  scale  F,  is  read  on  scale  D,  the  strength 
which  the  emanation  will  have  that  many 
davs  and  hours  later.  As  with  any  slide 
rule,  the  values  on  the  D  scale  can  be 
considered  as  multiplied  by  any  multiple 
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or  sub-multiple  of  10,  and  in  the  computa- 
tion the  decimal  point  placed  by  inspec- 
tion. There  is  little  likelihood  of  confusion 
in  this  if  it  be  remembered  that  the  emana- 
tion decays  to  >io  value  in  about  thirteen 
days. 

When  it  is  desired  to  find  the  strength 
of  the  emanation  more  than  twelve  days 


scale  for  computing  millicurie-hours,  the 
proper  division  of  the  E  scale  is  placed 
under  the  initial  strength  of  the  emanation 
on  scale  A,  and  over  the  number  of  hours 
for  the  application  on  scale  E  is  read  on 
scale  A  the  number  of  millicurie-hours, 
a  factor  in  the  dosage. 

The  decimal  point  in  this  computation  is 


\:.if:;r'-r 


Fig.  I.  The  slide  rule  divided  with  special  scales  for  computing  decay  of  radium  emanation  and  dosage. 


later,  the  slide  must  be  shifted  twice. 
Thus  for  example,  if  the  initial  value  of  the 
emanation  is  83  mc.  and  we  wish  to  learn 
what  strength  it  will  have  on  the  seven- 
teenth day,  we  place  the  right  end  division 
•or  right  index  of  scale  F  over  83  on  scale 
D,  and  under  7  on  scale  F,  we  read  23.5  + 
on  scale  D.  The  cross-hair  of  the  glass 
runner  is  then  placed  over  this  point  on 


Fic.   2.   The   cireuhir  slide   rule   for  computing  decay 
of  radium  emanation. 

scale  D  and  the  slide  is  shifted  to  bring  the 
left  end  mark  under  the  cross-hair.  Then 
under  10  on  scale  F,  we  read  on  scale  D 
the  figure  3.88  +  ,  which  is  the  value  of 
the  emanation  at  the  end  of  seventeen 
days. 

To  use  the  dosage  scale  E,  or  better,  the 


placed  either  by  inspection  or  according 
to  some  very  simple  rules. 

Another  form  of  rule,  and  one  which  we 
ha\e  found  much  easier  to  use  when  only 
the  decay  of  radium  emanation  is  to  be 
computed,  is  circular  in  form.  It  consists 
of  two  concentric  rings  held  together  by 
a  tongue  and  groove,  thus  allowing  one 
ring  to  slide  within  the  other. 

The  outer  ring  is  di\"ided  with  a  logarith- 
mic scale  corresponding  to  scale  D  of  the 
straight  rule  but  repeated  three  times  and 
figured  from  500  down  to  0.5  mc.  The 
inner  ring  is  di\"ided  with  a  scale  of  equal 
parts  corresponding  to  scale  F  of  the 
straight  rule  but  figured  in  days  up  to 
thirty-eight  days. 

Since  in  practice  it  is  seldom  necessary 
to  compute  quantities  of  emanation  greater 
than  500  or  less  than  0.5  mc,  the  circular 
rule  in  most  cases  can  be  used  without  the 
necessity  of  keeping  in  mind  where  the 
decimal  point  should  be  placed. 

To  use  this  rule,  the  wedge  di\  ision  on 
the  inner  scale  is  placed  over  the  initial 
value  of  the  emanation  on  the  outer  scale. 
Under  i  can  be  read  the  value  of  emanation 
one  day  later;  under  2,  the  value  two  days 
later,  and  so  on  up  to  thirty-eight  days. 
It  is  unnecessary  to  shift  the  relative  posi- 
tion of  the  rings  for  any  time  less  than 
thirty-eight  days.  The  inner  ring  is  divided 
into  parts,  each  equiwalcnt  to  four 
hours,  but  for  accurate  work,  fractional 
parts  of  these  may  easily  be  estimated. 

In  contructing  the  difi'erent  scales 
described  above,  the  decay  constant  X 
has  been  assumed  to  be  equal  to  .oo-ji. 


FLAT  DIAPHRAGM  OF  SPIRAL  DESIGN  IN 
ROENTGENOGRAPHY 


BY    HAROLD   S.    SAWFORD 
Department  of  Roentgenology,  Sophian  Clinic 

KANSAS    CITY,    MISSOURI 


APPARENTLY'  the  only  design  that  is 
practical  for  a  flat  grid  or  diaphragm 
in  roentgenography  is  the  spiral.  This 
design  is  not  only  practical,  but  has  many 
features  that  are  well  worthy  of  considera- 
tion. Firstly,  it  reduces  to  a  minimum 
the  unavoidable  space  between  patient 
and  film.  Secondly,  it  obliterates  com- 
pletely the  grid  shadows  irrespective  of 
the  length  of  exposure.  Moreover,  it  is 
very  efficient  in  the  filtering  out  of  scat- 
tered rays,  although  no  attempt  is  made  to 
give  figures  in  this  respect. 

In  construction  of  the  disk  proper,  cork 
was  used  as  a  spacer.  The  filtering  element 
(lead  strips)  were  0.5  in.  deep,  and  spaced 
0.125  in.  apart,  making  a  ratio  of  one  (i) 
to  width,  and  four  (4)  to  depth.  Beginning 
close  to  a  center,  the  strips  being  spaced 
evenly,  they  radiate  outward  to  the 
periphery  in  spiral  form.  In  radiating 
outward  they  gradually  form  an  angle 
which  becomes  more  and  more  obtuse. 
This  slanting  of  lead  strips  is  governed  by 
the  distance  of  tube  target  to  film  (26  in.), 
and  allows  the  primary  or  image-forming 
rays  to  pass  without  impinging  on  the  sides. 

The  disk  revolves  in  a  suitable  circular 
track  of  slightly  greater  diameter.  The 
energy  is  supplied  by  a  small,  high-speed, 
universal  motor,  using  a  small  pulley  and 
an  endless  belt.  A  circular  sheet  of  alu- 
minum is  stretched  over  as  a  support  for 
the  patient,  allowing  0.5  in.  for  sagging. 
This  makes  a  space  of  approximately  i  in. 
from  cover  surface  to  film  at  any  point. 

Owing  to  problems  in  construction  it 
was  found  advantageous  to  use  a  plurality 
of  spirals.  It  is  not  possible,  in  using  four 
or  more  strips,  to  space  them  evenly  in 
the  center.  Adjustment  can  be  made, 
however,  that  will  show  a  roentgenograph 
free  from  lines.  Any  inaccuracy  in  adjust- 
ment of  the  center  will  result  in  more  or 
less  faint  circles.  These  faint  lines  may  be 
very  conspicuous  superimposed  on,  say,  a 
kidney  shadow,  but  may  be  entirel}^  lost 
in  the  \arving  densitv  of  a  \ertebra. 


It  becomes  apparent  that  a  relati^"ely 
slow  but  very  even  movement  is  obtained, 
as  the  spirals  radiate  to  or  from  the  center. 
There  is  a  considerable  latitude  in  the 
choice  of  speed,  but  two  or  three  revolu- 
tions of  the  disk  per  second  give  freedom 
from  grid  shadows  for  extremely  short  expo- 
sures. As  the  movement  is  continuous,  no 
variation  in  speed  is  necessary. 


Fig.  I.  Diagrammatic  section  of  disk  showing  slanting 

strips  and  their  relation  to  path  of  primary  rays 

(P)  from  the  target  (T). 
Fig.  2.  Diagram  showing  plan  of  central  portion  of  disk, 

using  two  strips.  (C)  Cork  spacer.  (L)  Lead  strips 

(enlarged). 

It  seems  interesting  to  obser\-e  the  rela- 
tion of  scattered  radiation  to  the  spiral. 
The  greater  the  deviation  of  scattered 
rays  from  the  primary  path,  the  more 
efficient  this  design  seems  to  be.  Appar- 
ently 100  per  cent  efficiency  is  reached  for 
these  most  aberrant  raj'S,  governed  of 
course  by  the  spacing  and  depth  of  strips. 
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With  a  ratio  of  one  (i)  to  width,  and  four 
(4)  to  depth  and  with  penetration  equal 
to  a  six-inch  back-up  spark,  an  excellent 
clean-up  is  obtained  on  average  thickness. 
If  higher  penetration  is  used,  there  seems  to 
be  some  improvement  if  cones  are  used  to 
limit  the  area  rayed. 

The  suppression  of  scattered  radiation 
by  the  use  of  grids  or  diaphragms  appar- 
ently increases  greatly  the  length  of 
exposure.  The  shadows  of  the  lead  strips 
cover  a  relatively  small  area  of  the  fdm. 


Theoretically  this  indicates  rather,  that  a 
normal  or  correct  exposure  is  permitted 
by  iiltering  out  the  scattered  rays.  In 
view  of  the  results  obtained,  it  is  reason- 
able to  assume  that  the  spiral  type  of 
disk  can  easily  be  reduced  in  depth  to  0.25 
in.  or  less.  It  is  obvious  that  the  increase 
in  definition  will  compensate  for  efforts 
along  this  line. 

Many  thanks  are  due  to  Dr.  A.  Sophian 
and  Dr.  A.  C.  Clasen  for  their  kindly 
criticism  and  encouragement. 


BIOLOGICAL  REACTIONS  OF  X-RAYS:  EFFECT  OF  RADIA- 
TION ON  THE  NITROGEN  AND  SALT  METABOLISiM 

BY    CARL    F.    CORI,   M.  D.,    AND    G.    W.    PUCHER 

With  the  assistance  of  Miss  H.  Goltz 

From  the  State  Institute  for  the  Study  of  Malignant  Disease,  and  the  Chemical  Department  of  the  Laboratories 

of  the  Buffalo  General  Hospital 

BUFFALO,  NEW  YORK 


NUMEROUS  studies  of  the  effects  of 
radium  and  .v-rays  on  the  metabolism 
of  man  and  animals  have  been  carried  out. 
However,  the  experiments  recorded  in 
the  literature  are  so  scattered  and  the 
conditions  outlined  by  the  different  investi- 
gators so  variable  that  it  is  almost  impossi- 
ble to  correlate  the  data  in  such  a  way  as 
to  secure  reliable  composite  results.  Since 
the  advent  of  the  so-called  "blood 
chemistry"  a  large  amount  of  data,  very 
inconclusive  indeed,  on  the  effect  of 
radiation  on  the  composition  of  the  blood 
have  been  reported.  These  variations,  in 
the  main,  are  probably  due,  as  shown  by 
our  experiments,  to  the  different  periods  of 
blood  withdrawal  after  radiation.  Since  the 
blood  ccjuilibrium  adjusts  itself  very 
quickly,  marked  changes  in  the  blood  will 
only  be  noted  either  during  the  radiation 
period  or  at  very  short  time  intervals 
thereafter.  Furthermore,  since  the  intro- 
duction of  "deep  ray"  therapy  for  the 
treatment  of  malignant  disease  no  exten- 
si\'e  metabolism  studies  are  available  which 
would  be  of  value  in  interpreting  the 
effects  of  this  type  of  treatment. 

In  general,  previous  in\estigations  have 
shown  that  there  is  an  increase  of  the  total 
nitrogen  output  in  the  urine  after  treat- 
ment with  radium  or  x-rays.  Of  the  various 
nitrogenous    comjxninds    which    might    be 


expected  to  have  been  increased  after  such 
a  treatment,  the  uric  acid  is  the  only  one 
about  which  there  are  any  consistent  data. 
This  compound  is  found  to  be  increased 
most  markedly  in  the  postradiation  periods 
of  leukemia  patients.  This  increase  of  uric 
acid  is  interpreted  as  being  due  to  the 
decomposition  of  the  nucleoproteins.  This 
view  seems  to  be  substantiated  by  the 
observations  that  the  total  phosphorous 
elimination  is  also  increased  under  similar 
conditions. 

In  undertaking  this  work  it  was  thought 
that  perhaps  by  a  very  careful  control  of 
conditions  and  simultaneous  analysis  of 
the  organic  and  inorganic  metabolites,  the 
metabolic  changes  as  evinced  by  urinary 
excretion  might  be  more  marked  and  give 
some  clue  as  to  the  mechanisnis  of  tumor 
destruction.  However  the  net  results  of 
these  experiments  outside  of  the  new  and 
strange  behavior  of  the  chloride  meta- 
bolism were  somewhat  disappointing. 
Nc\ertheless,  the  data  seemed  worth 
while  reporting  since  they  present  a  rather 
complete  organic  and  inorganic  metabolic 
study  of  the  two  types  of  .v-ray  therapy 
under  comparable  conditions. 

EXPERIMENTS 

Three  cases,  a  carcinoma  of  the  uterus, 
a    lymphosarcomn    and    a    lymphatic  leu- 
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kemia  were  studied.  Before  commencing  the 
experimental  period,  these  patients  were 
placed  on  their  special  diets  for  four  to  five 
days  and  maintained  on  these  for  the 
duration  of  the  experiments.  Great  care 
was  taken  to  obtain  an  accurate  record  of 
the  amount  of  food  ingested.  The  urine 
was  collected  for  twenty-four-hour  periods 
and  special  precautions  taken  to  obtain 
complete  samples.  Any  doubtful  samples 
were  rejected.  The  urine  was  preserved 
with  toluene  and  kept  in  the  ice  box. 

For  the  substances  determined  we 
employed  the  following  methods: 

1.  Total  Nitrogen.  A  macro  KJeldahl 
method  using  i  to  5  c.c.  of  urine  was  em- 
ployed. The  digestion  mixture  was  that 
recommended  by  Folin  and  Wright.' 

2.  Urea.  This  was  estimated  by  the 
urease  method  of  Van  Slyke  and  Cullen.'- 

3.  Creatinine  and  Creatine.  Folin's 
method'  was  used. 

4.  Uric  Acid.  This  was  usually  deter- 
mined by  two  independent  methods,  that 
of  Folin*  with  the  precautions  outlined 
by  Pucher*  and  the  direct  method  of  Bene- 
dict and  Franke.^  The  latter  method  gave 
good  results  on  normal  urines  but  consider- 
ably too  high  values  as  compared  with  the 
Folin  method  in  the  postradiation  periods. 

5.  Amino  Acids.  The  method  recently 
developed  by  Folin'  was  utilized. 

6.  Ammonia.  This  was  evaluated  by 
the  microchemical  method  of  Folin  and 
MacCallum'*  substituting  titration  for 
nesslerization. 

7.  Chlorides.  Whitehorn's-'  and  Vol- 
hard's  methods  were  used. 

8.  Sulphates  (Inorganic  and  Total). 
The  total  sulphates  were  determined  by 
the  Benedict"  method.  The  inorganic 
sulphates  were  also  determined  gra\i- 
metrically  as  barium  sulphate. 

9.  Phosphates.  Organic  and  inorganic 
phosphates  were  estimated  by  the 
colorimetric  method  of  Bell  and  Doisey." 

10.  Acidity.  This  was  estimated  by 
titration  with  n   10  alkali. 

11.  Carbon  Dioxide.  The  urine  was 
equilibrated  at  alveolar  air  tension  and 
the  carbon  dioxide  estimated  in  the  Van 
Slyke  apparatus. 

The  reliability  of  each  method  was 
determined  by  each  of  us  analyzing  the 


same  samples  independently  with  differ- 
ent sets  of  reagents  and  apparatus.  No 
method  was  utilized  until  our  independent 
results  could  be  duplicated  within  at  least 
5  per  cent. 

Case  I.  Male,  aged  fifty-fi\-e  years. 
Lymphosarcoma. 

Treatment:  "Deep  ray"  therapy. 

Past  History.  Illness  began  March,  1922, 
with  involvement  of  the  glands  under  the 
arms  and  of  the  neck.  In  April  the  inguinal 
region  was  also  enlarged.  No  treatment  was 
received  by  the  patient  before  coming 
under  our  obser\ation. 

Present  History.  In  September  a  lymph- 
node  was  removed  from  the  axilla  and 
diagnosed  as  lymphosarcoma.  At  that  time 
the  patient  had  large  nodes  on  both  sides 
of  the  neck  in  the  axillae  and  in  the 
inguinal  region.  These  nodes  increased 
in  size  very  rapidly.  His  blood  count, 
except  for  a  slight  lymphocytosis,  was 
normal.  On  November  15th,  about  two 
months  after  his  x-ray  treatment,  the 
patient  was  reexamined  and  his  nodes  had 
almost  disappeared  except  in  the  right  and 
left  groin,  where  they  were  still  slightly 
enlarged. 

Experimental  Period.  The  patient  was 
placed  on  a  purinerfree  diet  on  the  12th 
of  September.  The  diet  consisted  of  2,800 
calories  with  80  gm.  of  protein,  the  cal- 
culations being  made  from  a  diet  chart. 
This  diet  was  always  completely  con- 
sumed except  on  the  two  days  of  .v-ray 
treatment.  On  the  26th  of  September  the 
breakfast  only  was  consumed.  It  con- 
sisted of  836  calories  with  16  gm.  of  protein. 
On  the  27th  of  September  part  of  the 
breakfast  was  refused,  lea\ing  for  the 
whole  day  2,275  calories  with  -9  gm.  of 
protein.  Since  pre%ious  experiments  have 
shown  that  patients  generally  refused  to 
eat  their  whole  diet  one  to  two  days  after 
the  .v-ray  treatment,  no  attempt  was  made 
to  determine  an  exact  nitrogen  balance,  as 
in  food  value  experiments.  The  same 
difficulty  was  encountered  in  animal 
experimentation.' 

Discussion  of  Data.  It  will  be  observed 
that  already  within  twenty-four  hours 
after  the  treatment  there  is  a  slight 
increase  of  the  total  nitrogen  excreted. 
This  value,  of  course,  is  low  since  only  part 
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of  the  diet  wa.s  consumed,  but  nevertheless 
distinctly  higher  than  the  average  value 
(10.4  gm.)  of  the  total  nitrogen  excretion 
during  the  normal  period.  In  the  following 
two  days,  during  which  the  whole  diet  was 
consumed,    the    total     nitrogen    excreted 


change  in  the  creatinine  or  creatine  meta- 
bolism could  be  detected.  The  uric  acid 
nitrogen,  which,  due  to  the  purine  free  diet, 
was  of  endogenous  origin,  showed  in  the 
normal  period  an  average  of  0.074  gm. 
N  per  twenty-four  hours.  This  value  was 


Table  I 

RADI.4TION'  SHEET 


CASE  I.  SEPT.  18-OCT.  7 


Date 


9-26 


Time, 
Min. 


Area 
Radiated 


Size 
Skin 
Area 


Filter 
Copper 


Sp. 
Gp. 


Focal 

Ma.    I     Skin 

Dist. 


Skin 
Dose 


Per  Cent 
Depth 
Dose 


36 
36 
36 
36 
36 
36 


L.  neck 
R.  neck 
L.  neck 
R.  neck 
L.  groin 
R.  groin 


ISXIS 

s 

200 

6 

lOXiS 

5 

200 

6 

loXiS 

s 

200 

6 

ISXIS 

5 

200 

6 

loXiS 

3 

200 

6 

loX  15 

S 

200 

6 

SO 
so 
so 
so 
so 
so 


70 
70 

70 
70 
70 
70 


36 
36 
36 
36 
36 
36 


"Deep  Ray' 
Therapy 


18-19 

19-20 
20-21 
21-22 
22-23 
23-24, 

24-2S 

25-26: 


r-2 

2-3 


Vol.. 
Co. 


Sp. 
Gr. 


Total 
N 


Urea  +  '   .     . 
N.H.sN..!  Ammo 
Q^       jAcid,  N 


Uric 
Acid.N 


Crea- 
tinine, N 


660 
930 

I22S 

1690 

I9SS 

I3S0 

ISSO 
1 100 


26-27 

I4IS 

27-28 

164s 

28-29 

1832 

29-30 

138s 

30-r 

128s 

loss 
Lost 


3-4  I  980 
4-S  1084 
S-5    I    1300 


027 

10 

4 

11 

I* 

02s 

11 

2 

0 

06  • 

021 

0 

IS 

10 

64* 

017 

11 

14 

0 

4* 

OH 

0 

S7 

10 

31* 

019 

10 

64 

0 

88' 

017 

10 

89 

022 

9 

02 

0.6 

0.074 

0.478 

2.S6 

0.06    j    0.37s 

9.88 

0.IS7 

0.076,    0.464 

8.68 

0.120 

0.073 

0.427 

9.67 

0.136 

?0.033 

0.417 

9.06    ;    0.257    I    0.086i    0.396 
I    0078     0.414 


t  .021 
1. 017 


r  .017 

I  .020 

r  .024 


1 ,020 

1 .019 


10 

OS* 

11 

41 

12 

8* 

14 

03 

14 

27* 

14 

97 

9 

2S* 

9 

43 

9 

45* 

9 

21 

8 

72* 

9 

57 

8 

95 

9 

9 

10 

9 

13.6 

8,60 
8,9s 
8.2X 


7.97 

9. 12 
9.72 


0-U49    0.405 
0.148'    0.42 
"    145     0.43S 


Crea  '  ^!5'°- 
y"^^*:,!  rides, 
tine,  N     Gm, 


0.00 

0.06s 

0.066 

O.IOO 

0.061 

0.079 
0.074 


0.099 

O.IIO 


6. IS 

8. IS 

11   OS 

6.80 

7.20 

8.30 
6.60 


S.09 

4.2s 


Inor- 

Or- 

Total 

! 

ganic 

ganic 

p 

Weight. 

Phos., 

Phos.. 

Cal. 

Kg.      1 

Gm. 

Gm. 

Remarks 


0.42s 

0.328 

0.S9S 

0.612 

0.842 

0.693 
0.664 


O.PSP 
2.1 

I    37 


0.008 

0.0098 

O.OII 

0.026 
0.025 
0.03 

0.04 


0.433 
0.338 

0.606 

0.638 

0.867 

0.723 
0.704, 


75. o 
73.0 


73.7 
73.1 


2800  cal. — 80  gm. 
protein + 

2800  cal. — 80  gm. 

protein 
2800  cal. — 80  gm. 

protein 
2S00  cal. — 80  gra. 

protein 
2S00  cal. — 80  gm. 

protein 
Basal  metabolism  = 

-1-18.9% 

Basal  metabolism  = 

-1-21.4% 


0.023  I  1.022 
0.104  '  2.204 
0.108       1  .47.'< 


135,  0.3s 

0.0s 

4  95 

0.755 

0.025 

0.755 

)72     0.40 

0.00 

6.S9 

0.67s 

0.02s 

0.701) 

168    0.367 

O.OII 

■ 

6.10 



'4.55 
S.66 

0.700 

0.012 

O.71-' 

Treatmentt 
836  cal. — 16  gm. 

protein 
2275  cal. — 79  gm. 

protein 
X  o  d  e    diminishing 

rapidly  in  size. 
2800  cal. — 80  gm. 

protein 
2S00  cal. — 80  gm. 

protein 
2S00  cal. — 80  gm. 

protein 
2800  cal. — 80  gm. 

protein 

Basal  metabolism  = 
-t- 19.6  % 


•   =  Total  nitrogen  calc.  Irom  fractions  determined. 

t  =  See  radiation  sheet. 

X  =  Patient  on  purine-free  diet  (see  Experiments). 


increased  35  and  44  per  cent  respectively. 
On  the  fourth  day  after  the  radiation,  the 
normal  nitrogen  output  was  again  reached 
and  remained  constant  until  the  6th  of 
NoNcmber  when  the  observations  were 
discontinued.  It  will  be  noted  that  this 
increase  in  total  nitrogen  is  due  chiefly  to  a 
parallel  increase  in  the  amounts  of  urea 
and    nnimonia    excreted.    No    appreciable 


increased  one  day  later  than  the  total 
nitrogen  and  also  returned  to  normal  one 
day  later.  The  a\erage  Increase  of  uric 
acid  nitrogen  was  100  per  cent  over  that 
in  the  normal  period. 

Since  we  obtained  an  increase  of  endog- 
enous uric  acid  which  undoubtedly  is  due 
to  the  destruction  of  nuclear  material,  one 
should  also  expect  an  Increased  excretion  of 
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the  total  phosphorus.  This  is  confirmed  by 
our  experimental  data,  but  it  is  interesting 
to  observe  that  the  phosphorus  increase 
more  closely  parallels  the  increase  of  total 
nitrogen  than  that  of  the  uric  acid.  This 
indicates  that  there  is  a  retardation  in 
either  the  formation  or  excretion  of  the 
uric  acid.  This  increase  of  phosphorus 
confirms   the  data  of  other  investigators. 

As  far  as  we  were  able  to  determine,  no 
changes  of  the  chloride  metabolism  under 
the  influence  of  .v-rays  are  reported  in  the 
literature.  It  will,  however,  be  noted  in  this 
case,  and  especially  in  Case  III,  that 
there  is  a  very  pronounced  decrease  in  the 
amount  of  chlorine  excreted  after  the 
radiation  period.  This  decrease  is  not  due 
to  changes  in  the  salt  content  of  the  diet 
nor  to  a  water  retention,  since  no  edema  or 
change  in  body  weight  or  decrease  in  urinary 
volume  was  observed  after  the  .\-ray 
treatment.  The  patient  suffered  no  rise  in 
temperature  after  the  treatment.  His 
average  excretion  of  chlorine  was  7.7  gm. 
during  the  normal  period,  while  three  days 
after  radiation  it  had  decreased  to  2.06 
gm. — a  change  of  72  per  cent. 

Case  II.  Male,  aged  fifty-eight  years. 
Lymphatic  leukemia. 

Treatment:  Light  radiation. 

Past  History.  The  patient  first  noticed 
the  enlargement  of  his  glands  about  eight 
months  ago.  Since  that  time  the  enlarge- 
ment has  been  progressive  and  he  has  lost 
about  60  lbs.  in  weight. 

Present  History.  He  was  admitted  to 
the  hospital  on  August  4,  1922,  and  showed 
a  general  enlargement  of  the  lymph-nodes 
up  to  the  size  of  a  large  orange.  The 
spleen  was  markedly  enlarged,  the  lower 
pole  being  about  4  in.  below  the  costal 
margin.  On  August  8th  a  node  was  removed 
from  the  axilla  and  diagnosed  as  lymphatic 
leukemia.  Bleeding  from  the  operation 
scar  continued  for  several  days.  When 
admitted,  the  patient  had  a  slight  anemia 
(65  per  cent  hemoglobin)  and  250,000 
leukocytes,  chiefly  small  lymphocytes. 
His  blood  platelets  were  extremely  low. 
The  patient  received  three  x-ray  treat- 
ments over  the  spleen  and  showed  marked 
improvement  both  as  regards  decrease 
in  the  number  of  leukocytes  and  size 
of  the  nodes  of  the  neck  and  axillae.'! 


Experimental  Period.  On  August  9th 
the  patient  was  placed  on  a  purine-free 
diet  consisting  of  about  2,400  calories 
with  80-90  gm.  protein.  The  protein  values 
recorded  in  Table  II  are  based  on  the 
actual  amount  of  food  consumed.  The 
collection  of  our  experimental  data  began 
on  August  14th. 

Discussion  of  Data.  The  table  indicates 
a  normal  and  three  postradiation  periods. 
The  amount  of  radiation,  as  indicated 
by  the  data,  was  the  same  in  all  three 
periods,  but  the  patient  showed  a  marked 
reaction  only  after  the  third  treatment. 
It  was  during  this  period  that  similar 
effects  on  the  metabolism  as  recorded  in 
Table  I  were  observed.  It  will  be  noted  that 
in  this,  as  well  as  in  the  preceding  case, 
the  \alue  for  the  total  nitrogen  as  deter- 
mined and  as  calculated  from  the  partial 
nitrogen  fractions  checked  within  a  tew 
tenths  of  a  gram.  However,  during  the 
increase  of  the  nitrogen  after  the  x-ray 
treatment  the  difference  between  those 
two  values  was  as  high  as  two  grams. 
This  large  difference  disappeared  as  soon 
as  the  nitrogen  excreted  became  again 
normal.  The  nature  of  this  undetermined 
nitrogen  has  not  yet  been  established. 
It  will  also  be  observed  from  the  table 
that  the  increased  elimination  of  uric 
acid  following  the  radiation  is  accompanied 
by  a  tremendous  increase  (9.1  mg.  per 
100  c.c.)  of  the  blood  uric  acid. 

The  decrease  in  the  excretion  of  the 
chlorides  was  much  more  pronounced 
than  in  Case  I.  The  decrease  persisted 
for  six  days,  reaching  a  minimum  of 
0.74  gm.  of  chlorine  in  twenty-four 
hours.  After  this  day  the  patient  was 
placed  on  a  high  salt  diet,  but  nevertheless 
even  after  forty-eight  hours  the  retention 
of  chlorides  still  persisted. 

Case  III.  Female,  aged  thirty-eight 
years.  Carcinoma  of  the  cervix  uteri. 

Treatment:  "Deep  ray"  therapy. 

Past  History.  Illness  began  in  Jan- 
uary, 192 1  with  bleeding  from  the 
uterus. 

Present  History.  Gynecological  exami- 
nation on  July  17th  showed  a  large 
ulcerating  tumor  of  the  cervix  with  infiltra- 
tion of  the  parametria.  Microscopic  diag- 
nosis of  excised  tissue  indicated  carcinoma. 
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The  patient  was  anemic  with  64  per  cent 
hemoglobin  and  3,100,000  red  cells. 

Experimental  Period.  The  patient  was 
placed  on  her  special  diet  July  19th  and 
collection  of  urine  started  on  July  23rd. 
The  diet  was  equivalent  to  about  1,500 
calories  with  about  55  gr.  of  protein. 
This  patient  generally  consumed  only 
part  of  her  diet  and  refused  food  for 
about  three  days  after  her  .v-ray  treatment. 

Discussion  of  Data.  Due  to  the  irregu- 
larity of  the  food  intake,  no  definite 
conclusions  concerning  the  nitrogen  excre- 
tion can  be  drawn.  Howe\er,  judgmg  from 
the  increase  of  uric  acid  lasting  for  three 
days  after  the  treatment,  the  data  are  in 
harmony  with  the  two  cases  previously 
reported  (Tables  I  and  II).  The  greatest 
■change  in  metabolism  after  radiation  was 
the  enormous  retention  of  chlorides.  The 
normal  excretion  of  chlorides  averaged 
3.68  gm.  per  day  with  an  average  urine 
volume  of  1,478  c.c,  while,  after  the  radia- 
tion period  (calculated  from  the  time 
the  whole  diet  was  again  consumed)  only 
0.46  gm.  of  chlorine  with  a  urine  volume 
of  776  c.c.  per  day  was  excreted.  No  gain 
in  weight  or  edema  was  observed  during 
this  period.  The  decrease  in  chlorides  is, 
indeed,  far  greater  than  could  be  accounted 
for  by  the  volume  changes  in  the  urine. 
Our  data  also  shows  that  there  is  a  marked 
decrease  in  the  total  amount  of  carbon 
dioxide  excreted. 

DISCUSSION      .•\ND      SUMMARY      OF 
EXPERIMENTS 

The  data  obtained  from  these  experi- 
ments, which  cover  the  fields  of  both 
moderate  and  heavy  .v-ray  therapy,  con- 
firm and  enlarge  the  data  of  previous 
investigators,  as  regards  nitrogen  metab- 
olism. The  total  nitrogen  in  all  cases 
was  increased  in  the  postradiation  periods. 
Of  the  diflcrent  nitrogen  fractions  deter- 
mined, the  urea  plus  ammonia  and  the 
uric  acid  were  the  only  ones  which  showed 
;iny  increase.  In  the  first  two  cases  (Tables 
I  and  II)  which  had  tumors  that  could  be 
readily  observed,  the  increase  in  the  total 
nitrogen  was  parellel  to  the  decrease  in 
the  size  of  the  tumor.  Since  we  also 
observed  an  increased  excretion  of  phos- 


phorous, it  is  very  probable  that  a  great 
part  of  this  increase  of  total  nitrogen 
was  due  to  the  elimination  of  destroyed 
cells.  In  this  connection  the  increased 
output  of  urea  and  ammonia  and  of  the 
undetermined  nitrogen  gives  a  partial 
insight  into  the  mechanism  involved  in 
the  decomposition  of  those  cells  destroyed 
by  the  radiation. 

In  Case  I  (Table  I)  the  weight  of  the 
tumor  mass  before  radiation  was  estimated 
at  between  200  and  300  gm.  It  will  be  seen 
that  there  was  an  increase  after  the 
radiation  of  about  3.6  gm.  of  nitrogen, 
corresponding  to  22.5  gm.  of  dry  protein. 
Estimating  that  the  average  tumor  tissue 
contains  about  10  per  cent  protein  and 
80  per  cent  water  it  will  be  seen  that 
225  gm.  of  tumor  tissue  were  actually 
destroyed. 

These  experiments  also  indicate  that 
"roengten  sickness"  is  not  due  to  excessive 
cell  catabolism,  since  Cases  I  and  II 
having  the  largest  tumors  and  greatest 
increased  nitrogen  excretion  were  scarcely 
inconvenienced  by  the  .v-ray  treatments, 
while  Case  III,  with  the  smallest  tumor  and 
lowest  nitrogen  output,  suffered  a  very 
intense  postradiation  reaction. 

The  influence  of  radiation  of  the 
inorganic  metabolism  was  most  un- 
expected, in  that  in  all  cases  a  marked 
retention  of  chlorides  was  observed,  a 
retention  far  greater  than  could  be 
accounted  for  by  a  possible  retention  of 
fluids.  This  is  clearly  demonstrated  in 
Cases  I  and  II  where  no  decrease  in  urine 
\'oIume  or  gain  in  \\'eight  could  be  obser\'ed. 
In  fact  the  retention  of  chlorides  was  so 
pronounced  in  Case  II,  that  not  even 
forty-eight  hours  after  a  high  salt  diet 
was  there  a  very  marked  increase  in 
the  chloride  output.  In  Case  III,  although 
the  urine  volume  decreased  one-half,  yet  the 
chloride  excretion  was  eight  times  below 
its  normal  value  without  any  gain  in 
weight.  How  long  this  chloride  retention 
would  ha\e  lasted  could  not  be  determined 
in  these  cases,  but  animal  experiments  are 
in  progress  which  we  hope  will  clear  up  the 
mechanism  and  factors  involved  in  this 
phenomenon.  The  changes  in  the  chlorine 
metabolism  are  summarized  in  the  follow- 
ing table: 
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TABLE  IV 


I    V'dUimc       Volume 
I     before  alter 

Radiation  Radiation 


Chlorine 
before 


Excre- 
tion (CI) 
after 


Case  1 924  c.c.       8q9  c.c.     7.7    gm.    2 .  06  gm. 

Case  II.  . .      1 3 19  c.c.  |  1341  c.c.     4.5    gm.  '  i  .94  gm. 
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THE  expressions  radioseitsilunly  and 
selective  action  of  a  cell  or  group  of 
cells,  with  respect  to  .v-rays,  have  not  yet 
acquired  a  sufficiently  definite  meaning  to 
be  of  practical  value. 

We  know,  however,  that  increasing  the 
dose  to  a  definite  ^  alue,  that  is,  exceeding 
the  limit  of  tolerance  of  an  organic  terri- 
tory, invariably  produces  an  injury  of  the 
skin.  With  some  degree  of  approximation, 
therefore,  we  can  establish  a  criterion  of 
relative  vulnerability  in  the  so-called 
erythema  dose  previously  determined.  But 
it  is  not  uncommon  to  find  that  a  patient 
who  has  been  irradiated  under  the  same 
conditions  as  many  others,  will  show  a  few- 
hours  or  a  few  weeks  after  treatment,  a 
skin  lesion  of  variable  degree,  from  a 
premature  erythema  which  soon  disap- 
pears, to  a  burn  of  the  second  or  third 
degree  which  may  take  several  months 
to  heal.  If  we  exclude  the  possibility  of 
error  in  technique,  and  can  prove  that  this 
patient  received  the  same  dose  as  many 
other  patients,  how  can  we  account  for 
the  origin  of  the  lesion?  Does  this  patient 
exhibit  a  special  sensitivity  to  the  injuri- 
ous action  of  the  rays?  Neuwirth  reports 
that    a    patient    lost   her   hair   completely 


after  irradiation  for  a  gynecological  condi- 
tion. Is  this  a  selecti\'e  diminution  of  the 
resistance  of  a  tissue  under  the  action  of 
the  rays? 

The  question  of  the  existence  of  a 
specific  idiosyncrasy  for  the  .v-rays  has  often 
been  discussed.  The  consensus  of  opinion 
is  that  such  an  idea  must  be  set  aside  for 
the  following  reasons:  The  pathological 
phenomenon  of  Idiosyncrasy  occurs  for 
minimal  doses  of  the  drug  or  element  which 
brings  it  about,  and  its  efiect,  in  the  organ- 
ism in  general,  is  manifested  by  a  shock. 
Feeble  doses  of  .v-rays  should  then  produce 
skin  lesions  which  should  result  in  se\ere 
burns,  ulceration,  and  extensive  necrosis. 
No  one  has  observed  such  changes  follow- 
ing small  doses  of  x-rays.  We  believe  we 
can  exclude  the  statements  of  many  radiol- 
ogists who  have  mentioned  Idiosyncrasy 
for  .v-rays  In  connection  with  some  cases 
which  showed  an  erythema,  a  burn,  or 
even  an  ulcer  after  short  exposures  for 
radiographic  purposes. 

This  Important  question  was  discussed 
at  the  Tenth  Congress  of  Radiology,  In 
Germany.  The  general  conclusion  was 
that  a  true  idiosyncrasy  for  x-rays  does 
not    exist.    Wetterer    and    Schmidt    were 


746 


Deep  Roentgen  Therapy  and  Skin  Reactions 


most  emphatic  in  this  belief.  The  appear- 
ance of  a  lesion  following  the  use  of  x-rays 
for  a  diagnostic  purpose  is  to  be  attributed 
to  the  use  of  a  beam  of  rays  with  too  large 
a  proportion  of  very  soft  radiation,  or  to 
the  use  of  too  short  a  target-skin  distance. 
The  recommendation  was  made  that  a 
filter  of  leather  or  aluminum  and  a  distance 
of  at  least  40  cm.  should  always  be  used. 

But  we  cannot  deny  the  existence  of 
hypersensitivity  and  hyposensitivity  to 
x-rays.  However,  we  must  not  confuse 
this  abnormal  reaction  of  an  Irradiated 
tissue  with  absolute  specific  and  selective 
radiosensitivity.  There  exists  a  physiologi- 
cal equilibrium  in  the  cells  of  a  tissue,  and 
if  no  external  cause  has  disturbed  this 
equilibrium,  all  the  cells  should  respond  in 
the  same  manner  to  an  external  agency, 
such  as  x-rays.  It  is  true  that  the  action 
of  x-rays  on  a  cell  depends  on  the  age  of  the 
cell,  but  this  does  not  explain  why  a  tissue 
becomes  necrotic  after  the  application  ot  a 
dose  of  radiation  which  was  harmless  to  the 
same  tissue  in  another  case.  The  existence 
of  a  disease,  a  toxemia,  or  a  nutritional 
disturbance  or  local  weakness  of  the  tissue 
can  explain  its  greater  sensitivity  to  the 
rays.  Zieck  describes  the  case  of  a  patient 
whom  he  irradiated  for  tabes  mesenterica 
with  two  doses  of  180  F  (Fuerstenau  units) 
in  the  course  of  fourteen  days.  The  radia- 
tion was  measured  with  the  Fuerstenau 
intensimeter  and  the  dose  certainly  was 
not  large,  yet  the  patient  developed  very 
serious  abdominal  burns.  In  this  case, 
the  patient  had  little  resistance  to  disease 
and  had  undergone  many  operations  (cho- 
lecystotomy,  gastroenterostomy,  appen- 
dectomy, nephropexy). 

The  skin  of  children  is  very  sensitive 
to  x-rays,  whereas  the  skin  of  very  old 
individuals  is  less  sensiti\'e,  and  can  stand 
sometimes  100  per  cent  larger  doses  than 
normal.  The  skin  of  blondes,  and  especially 
of  Titian  blondes,  shows  a  marked  vulnera- 
bility, while  a  dark  skin  is  more  resistant. 
Also  diflVrent  skin  areas  exhibit  difi'erent 
sensitivity  to  radiation.  Seitz  and  Wintz 
give  the  following  scale  of  skin  sensitivity: 
neck,  abdomen,  thighs,  shoulders,  face. 
They  conclude,  also,  that  healthy  skin 
does  not  show  \ariations  greater  than  10 
to  15  per  cent  in  its  reaction  to  x-rays. 


In  the  literature  of  the  last  few  years  are 
reported  se\"eral  cases  which  developed 
burns  following  irradiation,  which  cannot 
be  attributed  to  faulty  technique.  Kurt- 
zahn  irradiated  the  knee-joint  of  a  patient 
owing  to  a  mistaken  clinical  diagnosis  of 
surgical  tuberculosis.  A  short  time  later,  a 
serious  burn  developed,  with  ulceration 
and  finally,  perforation  of  the  joint.  The 
histological  examination  of  the  tissue 
re\ealed  an  old  trichinosis.  Evidently  this 
had  so  weakened  the  tissue  that  it  was 
unable  to  stand  a  dose  of  less  than  50  per 
cent  of  an  erythema  dose.  Bogrow  and 
Grintchar  attributed  the  great  sensitivity 
to  x-rays  of  tuberculous  patients  to  the 
tubercular  toxins,  since  no  other  explana- 
tion could  be  found  for  the  lesions  which 
they  obtained.  Numerous  radiologists  have 
found  that  when  the  sacrum  is  irradiated, 
the  anal  fold  undergoes  a  more  marked 
pathological  change  than  the  neighboring 
parts.  Not  uncommonly,  small,  therapeutic 
doses  for  the  treatment  of  eczema  have 
caused  an  erythema  and  burns  of  the  sec- 
ond degree.  This  may  be  explained  by  the 
fact  that  the  skin  of  the  anal  region  is 
weaker  and  therefore,  less  resistant  to 
external  actions.  Seuffert,  Warnekros  and 
others  point  out  that  syphilis,  even  if  it  is 
not  localized,  nephritis,  diabetes,  and 
diseases  of  the  blood-vessels  predispose  an 
individual  to  x-ray  burns. 

From  what  has  been  said  so  far,  we  may 
conclude  that  predisposition,  or  the  abnor- 
.mal  state  of  such  a  delicate  tissue  as  the 
skin  (on  account  of  disturbances  due  to 
nutrition,  growth,  or  change,  no  matter 
how  caused)  may  render  intolerable  doses 
of  x-rays  which  for  other  individuals  are 
therapeutic  doses. 

It  is  not  our  intention  in  this  paper  to 
establish  a  scale  of  injuries  caused  by 
various  doses  of  x-rays.  It  is  well  known 
that  the  appearance  of  an  early  erythema 
does  not  necessarily  indicate  that  a  burn 
will  follow,  although  some  radiologists  have 
asserted  this  to  be  the  case;  neither  is  a  late 
injury  which  appears  after  many  years 
necessarily  preceded  by  healed  burns. 
Between  these  two  skin  efiects,  as  reac- 
tions to  .x-rays,  there  can  be  no  connection, 
for  it  is  not  always  evident  that  there  is  a 
single  causati\e  factor.  If  there  were,  a  sure 
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means  to  avoid  it  would  ha\e  been  lound. 
If  these  effects  were  due  to  too  large  a  dose, 
or  to  the  quality  of  the  radiation,  a  phys- 
ical criterion  would  have  been  estabHshed, 
which  we  should  not  attempt  to  exceed. 
But  we  have  noted  serious  burns  where  the 
skin  showed  previously  no  alteration  what- 
ever, not  even  the  dry  state  indicative  of 
the    limit    of   toleration    of   normal    skin. 

The  appearance  of  an  early  erythema  a 
few  hours  after  radiation  has  been  attrib- 
uted to  too  hard  x-rays  and  too  prolonged 
radiations.  This  can  be  denied  a  priori, 
because,  in  dermatological  practice  with 
small  doses  of  soft  radiation,  early  ery- 
thema is  not  rare.  It  has  been  shown  that 
the  harmful  eff^ect  of  the  radiation  is 
identical  for  soft  or  hard  rays.  Here  again 
we  must  consider  predisposition  toward  the 
appearance  of  early  erythema  on  the  part 
of  the  radiated  tissue.  According  to  Breuer, 
this  is  not  to  be  attributed  to  heat,  ultra- 
violet rays,  fluorescence,  or  electric  shocks, 
but  to  the  fact  that  the  vascular  system  of 
the  tissue  is  unsound,  so  that  it  responds  to 
even  small  doses  with  the  appearance  of  an 
erythema. 

The  characteristics  of  this  early  ery- 
thema are  its  sudden  appearance  a  few 
hours  after  radiation,  and  its  disappear- 
ance after  a  few  days  without  special 
treatment.  Its  origin  is  to  be  sought  in 
the  predisposition  of  the  tissue,  which,  for 
some  reason,  not  being  able  to  react 
sufficiently,  is  liable  to  be  injured  by  doses 
not  otherwise  harmful. 

If,  however,  as  we  have  stated  above, 
there  can  be  no  connection  with  respect  to 
the  quantity  and  quality  of  the  radiation 
between  a  very  slight  early  reaction  and  a 
conspicuous  later  one,  such  as  a  burn  or 
ulcer,  and  we  look  for  the  origin  of  these 
injuries,  we  must  conclude  that  they  can 
arise  only  in  tissue  which  has  lost,  wholly 
or  in  part,  its  ability  to  defend  itself 
against  external  disturbances,  such  as 
x-rays.  In  this  sense,  the  cause  of  the 
cutaneous  injuries  is  an  alteration  of  the 
underlying  tissue  by  constitutional,  nutri- 
tional innervation,  or,  more  properly, 
trophic  disturbances.  Thus  we  obser\e  such 
an  injury  in  tissue  which  has  already  been 
damaged  and  rendered  incapable  of 
defence,  either  externallv,  bv  excessi\e  dos- 


age, or  internally,  by  local  or  constitu- 
tional diseases;  in  a  word,  by  any  cause 
which  may  disturb  the  equilibrium  of  the 
cellular  system. 

Radiologists  have  been  endeavoring  to 
establish  the  nature  and  cause  of  the 
cutaneous  injuries  by  every  possible  means. 
Histological  investigations  of  the  various 
skin  strata  show  that  it  is  the  vascular 
system  which  suffers  most  from  the  radia- 
tion. Not  that  other  elements,  such  as  the 
lymphatics,  the  fat,  and  connective  tissue, 
are  indifferent  to  the  action  of  the  rays; 
but,  as  Rost,  Reimer,  Scholtz,  Da\id,  and 
others  have  shown,  it  is  the  blood-vessels 
which  are  easily  affected,  almost  selec- 
tively, by  the  radiations.  When  these  have 
lost  their  power  of  defence,  changes  in  the 
radiated  tissue  may  even  proceed  to 
necrosis.  The  nuclei  of  the  cells  and  the 
network  of  chromatin  are  immediately 
affected  by  the  rays.  Evidently  every 
harmful  action  cannot  be  the  same  for 
every  cell,  but  must  depend  on  the  con- 
stitution of  the  cell  itself.  Those  nuclei  are 
most  easily  affected  which  are  in  a  state 
just  preceding,  during,  or  immediately 
after  the  process  of  division.  The  affected 
territorj-  suffers  before  a  true  lesion  occurs. 
The  process  of  healing  is  longer  and  more 
difficult  the  larger  the  number  of  newly- 
formed  cells  which  were  affected  and  the 
more  serious  the  injury  to  them.  This  may 
explain  why  x-ray  burns  do  not  heal 
readily.  We  find  the  selective  action  of  the 
rays  on  the  young  elements  also  in  the 
blood-forming  organs  and  embryonal 
glands.  Dermatologists  have  made  use  of 
the  selective  action  of  the  radiation,  for  a 
long  time.  For  instance,  if  they  wish  to 
obtain  a  permanent  epilation,  they  pull 
out  the  hairs  four  or  ii\  e  days  previous  to 
the  radiation.  By  this  epilation  the  regen- 
erative power  of  the  hair  follicles  is 
increased,  and  thus  the  rays  are  better  able 
to  exercise  their  destructive  action  on  the 
newly-formed  elements. 

The  endothelial  cells  of  the  blood-vessels 
are  selectively  radiosensitive,  as  indicated 
by  the  observation  that  when  the  skin  is 
exposed  to  small  doses  of  x-rays,  the  cells 
of  the  epithelium  show  no  change,  while 
the  endothelial  cells  of  the  blood-vessels 
immediatelv  beneath  the  skin  show  signs 
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of  injury.  For  larger  doses,  the  epithelium, 
the  iixed  connective  tissue  cells  and  the 
lymphatics  are  injured.  It  is  the  vascular 
endothelium  which  will  recover  last. 

The  capillaries  of  the  corium  are  affected 
by  very  small  doses.  The  first  consequence 
is  the  loss  of  elasticity,  so  that  the  vaso- 
motor apparatus  no  longer  functions  well, 
and  the  skin  is  handicapped  in  its  power  of 
resistance.  For  larger  doses,  the  lumen  of 
the  capillaries  becomes  smaller,  even  to 
obliteration,  or  an  extravasation  may 
occur,  with  subsequent  telangiectasis.  The 
effect  on  the  skin  is  shown  by  the  appear- 
ance of  an  erythema,  that  is,  with  atrophy 
and  pigmentation.  When  the  injury  to  the 
tissue  reaches  a  certain  intensity,  a  visible 
reaction  occurs  on  the  skin;  according  to 
Kienbock,  the  degree  of  reaction  for  the 
same  area  of  normal  skin  depends  on  the 
quantity  of  rays  absorbed. 

The  erythema  manifests  itself  only  after 
the  lapse  of  a  certain  time,  the  so-called 
"latent  period."  Here  we  must  exclude 
early  erythema,  the  cause  for  which  is  to  be 
found  in  changes  in  the  tissue  previous  to 
radiation.  The  latent  period  is  the  path- 
ological course  of  the  injury  caused  in  the 
tissues,  especially  the  more  radiosensitive 
elements,  namely,  the  small  vessels.  In 
normal  tissue,  it  depends,  first  of  all,  on  the 
specific  radiosensitivity  of  the  cells.  It  is 
shorter  for  rays  of  medium  wave-length 
and  longer  for  rays  of  short  wave-length. 
At  the  end  of  the  latent  period,  a  definite 
change  in  the  skin  appears,  which  may 
vary  from  a  slight  pigmentation  to  a 
serious  erythema.  There  is  a  boundary 
between  a  rather  intense  erythema,  which, 
however,  heals  easily  and  may  be  con- 
sidered as  physiological,  and  one  more 
intense,  which  is  really  pathological.  This 
limit  is  determined  by  the  regenerative 
power  of  the  cells.  A  dose  which  exceeds 
this  limit  causes  serious  alterations.  This 
limit  of  vulnerability  may  be  reached  in 
two  ways.  An  excessive  dose  of  radiation 
may  have  acted  on  the  tissue  so  long  that 
serious  changes  may  have  been  brought 
about,  especially  in  the  blood-vessels,  so 
that  the  nutrition  of  the  irradiated  tissue 
is*interfered  with.  Such  a  lesion  manifests 
itself  after  a  very  short  latent  period,  with 
a  strong  erythema,  pronounced  burn,  and 


tissue  necrosis.  It  is  stronger,  the  heavier 
the  irradiation.  In  this  class  are  to  be 
included  all  the  serious  burns  due  to  gross 
errors  of  technique;  for  instance,  omission 
of  the  filter,  or  error  in  the  length  of  treat- 
ment. We  may  point  out  that  it  is  useless 
to  ascertain  whether  hard  rays  are  more 
injurious  than  soft,  since  an  excessive 
dose  of  any  type  of  rays  will  occasion  such 
dangerous  burns,  and  the  injury  is  not 
caused  by  a  special  quality  of  the  rays. 
The  tissue  thus  affected  will  cease  to  func- 
tion, and  after  months  of  care  a  painful 
cicatrix  will  form. 

But  skin  injuries  may  be  caused  in  other 
ways.  As  far  back  as  191 1,  Iselin  men- 
tioned the  cumulative  action  of  .x-rays. 
Immediately  after  radiation  with  small 
doses,  slight  alterations  are  found  in  the 
more  radiosensitive  tissues,  namely  the 
blood-vessels.  Scholz,  in  particular,  studied 
these  changes  microscopically,  and  found, 
even  on  the  seventh  day,  degeneration  of 
the  lining  of  the  large  capillaries  and 
swelling  of  the  cells,  with  amitotic  nuclear 
division,  up  to  a  partial  or  total  oblitera- 
tion of  the  vessels.  Recently,  David  has 
gone  over  this  work,  and,  by  means  of 
microscopic  examination  of  the  capillaries 
in  vivo,  has  noted  the  smallest  changes  in 
the  vessels  immediately  after  irradiation. 
He  has  established  thus  that  vascular 
changes  are  visible  under  the  microscope 
long  before  they  manifest  themselves 
macroscopically.  The  vascular  elements  of 
transition  from  arterial  to  venous  swell 
considerably  as  a  first  reaction,  while  the 
arterial  and  venous  capillaries  are  dilated 
in  lolo.  David  observed  these  changes 
even  two  days  after  irradiation,  where 
gross  changes  were  noticeable  only  after 
six  or  seven  days.  But  the  most  interesting 
part  of  these  researches  is  the  observation 
that  in  tissue  areas,  which,  for  any  reason, 
are  less  resistant  than  the  normal,  the 
changes  in  the  vessels  are  systematically 
premature,  and  present  the  same  charac- 
teristic picture.  In  nephritic  subjects,  such 
changes  as  will  take  six  days  in  the  normal 
individual  to  manifest  themselves,  are 
\isible  after  three  days  with  an  equal  dose 
of  radiation.  This  observation  holds  good 
not  only  for  nephritics,  but  also  for 
vagotonics,  and  is  seen  in  Basedow's  dis- 
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ease.  The  skin  of  these  patients  recovers 
more  slowly  than  the  normal  from  the 
effects  of  the  same  dose.  That  the  \essels 
are  influenced  immediately  has  been  dem- 
onstrated by  Mayer,  who  observed  signs  of 
degeneration  in  the  iris,  retina,  and  eye- 
brows when  radiation  was  used  in  the 
neighborhood  of  the  eye. 

Skin  necrosis  does  not  occur  easily 
when  the  blood-vessels  are  injured  by 
.v-rays.  In  the  first  place,  all  the  vessels  are 
not  injured  to  the  same  extent,  and  for 
doses  which  do  not  exceed  certain  limits, 
the  tissue,  although  its  blood  supply  is 
limited,  tends  to  recover.  The  more  distant 
blood-vessels  have  remained  uninjured, 
and  those  which  have  been  affected 
gradually  recover  and  contribute  to  the 
nutrition  of  the  tissue. 

The  same  criterion  of  cuniulati\e  action 
as  in  the  case  of  poisons  cannot  be  pre- 
supposed here.  The  cells  of  the  blood- 
vessels, through  selective  action  and  other 
elements  of  the  cutaneous  tissue,  such  as 
the  lymphatics,  fat,  the  fixed  connective 
tissue  cells  and  sweat-glands,  are  affected, 
but  not  in  the  same  degree.  If  a  second 
irradiation  does  not  follow  the  first,  the 
skin  gradually  recovers;  that  is,  first 
the  germinal  layer  of  the  epidermis  and  the 
hair  follicles,  second  the  fixed  connective- 
tissue  cells  (which,  according  to  Rost,  are 
also  seriously  affected)  then  the  sweat- 
glands,  and  finally  all  the  papillary  endo- 
thelium, recover.  With  a  new  irradiation, 
even  with  a  smaller  dose,  the  less  sensitive 
cells,  which  have  had  time  to  heal,  are 
able  to  stand  it;  but  the  more  strongly 
affected  cells,  whose  power  of  defence  has 
been  reduced,  are  further  retarded  in  their 
recovery,  and  the  resultant  lesion  may  be 
made  worse.  The  regenerating  power  of 
certain  skin  elements  is  quite  different 
from  that  of  others.  While  in  three  or 
four  weeks  the  epidermis  has  healed,  the 
endothelium  is  still  seriously  affected.  A 
new  dose  acts  as  an  extra  dose  in  the  sense 
that  it  makes  the  condition  of  the  blood- 
vessels worse  and  impairs  the  nutrition  of 
the  tissue.  The  cumulati\e  action  of  a 
series  of  small  doses  bears  a  relation  to  the 
latent  period  for  weak  doses  of  .v-rays.  The 
injury  from  each  individual  reaction  may 
be  too  slight  to  produce  an  inflammatory 


reaction,  but  the  sum  total  of  many  small 
doses  can  cause  a  real  dermatitis. 

Having  thus  established  that  the 
primary  injury  is  to  the  vascular  system, 
we  can  understand  Reimer's  assertion 
that  the  less  blood  a  tissue  contains  the 
more  resistant  it  is  to  x-rays.  Hypoemic 
skin  is  less  sensitive  to  x-rays  (Schwartz), 
inflammation  and  consequent  hemorrhage 
increase  its  radiosensitivity.  Schwartz 
radiated  skin  previously  made  hyperemia 
and  obtained  an  erythema  in  half  the 
time  required  for  normal  skin.  ^^  ieting 
records  better  results,  and  avoided  serious 
injuries  to  the  skin  by  tying  the  arteries 
surrounding  the  tissue  to  be  radiated, 
pro\iding  this  area  were  relatively  cir- 
cumscribed. Lenz  and  Richter  proved  that 
skin  made  hypoemic  with  adrenalin  is 
more  resistant  to  the  rays,  and  can  with- 
stand for  three  weeks  a  double  dose  of 
soft  rays  or  a  triple  one  with  hard.  From 
these  experiments  with  adrenalin,  and 
the  clinical  observations  of  Reimer  and 
others,  we  may  deduce  how*  alteration 
of  the  cutaneous  vessels  by  innervation 
increases  intolerance  of  the  cell  to  the 
rays.  Adrenalin  acts  on  the  extremities 
of  the  sympathetic  nerves  and  causes 
vascular  constriction;  in  this  sense  the 
tone  of  the  vessels  is  increased  and  they 
are  able  to  ofier  greater  resistance  to  any 
external  cause.  In  the  contrary  case, 
that  is,  when,  due  to  innervation  of  the 
sympathetic,  the  tone  of  the  vessels  is 
lowered,  it  is  evident  that  the  vessels 
must  suffer  also,  and  therefore  become 
less  resistant  to  the  rays. 

Reimer  has  studied  clinically  the  course 
of  slight  x-ray  injuries  in  patients  in  whom 
he  suspected  the  vascular  system  to  be 
abnormal,  due  to  innervation.  He  has 
reported  several  important  cases,  from 
which  the  author  concludes  that  when 
there  exists  any  weakness  of  the  vessels, 
small  doses  of  radiation  may  cause  serious 
injuries.  De  Boer  found  that  after  the 
interruption  of  the  connecting  sympathetic 
branches,  atonia  is  observed  In  the  cor- 
responding muscular  system,  whereas  the 
reflex  of  the  tendons  remains  unaltered, 
or  even  increases.  Reimer  observed  the 
same  phenomenon  In  those  of  his  patients 
whose    vascular    svstem    was     abnormal. 
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They  showed  a  special  hypersensitivity 
to  normal  doses  of  x-rays,  extensive 
ulceration  resulting,  in  some  cases.  One 
case  described  in  detail  is  that  of  a  young 
woman  who  had  vasomotor  troubles  from 
youth  (menstrual  disturbance,  irritability 
of  the  vessels,  pronounced  dermographism, 
slight  tachycardia,  hemicrania,  sudden 
and  profuse  perspiration).  Her  father 
had  been  afflicted  for  many  years  with 
cephalalgia,  angina  pectoris,  and  had  died 
of  apoplexy.  Her  muscular  tone  was  low, 
whereas  the  tendon  reflexes  were  increased. 
With  this  patient,  as  with  many  others  of 
the  same  class,  serious  cutaneous  injuries 
were  caused  by  small  doses  of  rays  which 
would  not  have  caused  noticeable  altera- 
tion in  the  skin  of  normal  patients. 
What  part  in  x-ray  injuries  is  played  by 
innervation  of  the  sympathetic,  cannot  be 
specified  at  the  present  time.  But  the 
observations  of  Reimer  deserve  attention, 
also  the  better  known  fact  in  x-ray  prac- 
tice of  the  relation  between  thyroid 
trouble  and  skin  injuries.  It  is  well  known 
that  in  the  treatment  of  struma  only  very 
small  doses  may  be  used.  One-third  of  the 
ordinary  dose  will  produce  a  skin  effect. 
We  have  seen  that  there  is  a  cumulati\"e 
action  for  x-rays.  But  if  we  give  the  proper 
dose  in  one  treatment,  or  even  repeat  it 
at  very  long  intervals,  there  should  be  no 
more  serious  burns.  Bearing  this  in  mind, 
it  follows  that  to  deliver  a  suflicient  dose 
to  a  deep-seated  tumor  without  serious 
injury  to  the  skin,  we  must  employ  heavily 
filtered  radiation  produced  by  a  high 
voltage  and  applied  from  a  suitable 
distance. 

Radiologists  disagreed  from  the  time 
this  method  began  to  be  used.  Regaud  and 
Nogier  distinguished  two  different  types 
of  skin  reaction;  one,  a  local  inflammation 
of  the  epidermis,  that  is,  a  radio-epiderma- 
titis,  caused  by  the  hard  rays,  which  was 
quite  different  from  the  radiodermatitis 
caused  by  the  soft  rays.  The  former  is 
superficial,  heals  more  quickly,  causes 
little  discomfort,  and  docs  not  have  such 
serious  sequelae  as  the  latter.  Bumm  and 
Warnekros  were  of  the  same  opinion,  and, 
in  1914,  published  an  article  that  aroused 
great  contro\'ersy,  because  the  smallest 
dose  they  used  in  treating  uterine  carci- 


noma was  at  least  four  times  as  large  as  the 
strongest  doses  previously  used;  yet  they 
found  no  skin  troubles  except  an  ordinary 
reaction,  wet  dermatitis  and  excoriations 
with  a  tendency  to  heal  readily. 

The  danger  of  using  many  weak  doses 
has  led  physicists  to  obtain  more  penetrat- 
ing radiation,  and  now  with  heav}-  filters 
and  a  considerable  distance  from  the 
anticathode,  it  is  possible  to  administer 
in  one  sitting  a  dose  which  is  considered 
to  be  sufficient.  The  skin  thus  thoroughly 
radiated  cannot  remain  unaffected;  the 
vessels  are  subject  to  serious  alterations 
and  are  partly  destroyed;  the  lymphatics 
and  the  fixed  connecti\"e  tissue  cells  are 
injured.  But  the  same  skin  area  is  not 
subjected  any  longer  to  radiation;  its 
nutrition  is  maintained  by  the  few  vessels 
remaining  intact,  and,  although  the  healing 
process  is  slow,  we  are  sure  there  is  no 
danger  of  serious  skin  injuries.  We  always 
notice  that  after  a  strong  irradiation  the 
skin  becomes  dry  and  sometimes  brittle, 
and  the  radiated  territory  may  appear 
swollen. 

Seitz  and  Wintz,  in  discussing  a  case  of 
severe  burn  described  by  Heimann,  state 
that  the  thickening  of  the  skin  which 
always  occurs  after  irradiation  constitutes 
a  certain  degree  of  injury.  This  slight 
degree  of  injury  due  to  the  hard  rays  is  of 
no  consequence.  It  remains  present  for  a 
considerable  length  of  time,  causes  little 
or  no  discomfort,  and  never  proceeds  to 
necrosis.  However,  this  zone  must  never 
be  irradiated  again,  otherwise  necrosis  will 
follow.  In  Heimann's  case,  that  part  of 
the  skin  in  which  infiltration  appeared 
was  irradiated  a  second  time. 

Muhlmann  attempts  to  give  a  physi- 
ological explanation  of  skin  infiltration  as  a 
consequence  of  radiation.  He  has  observed 
this  effect  in  cases  treated  with  both  soft 
and  hard  radiation.  It  is  more  constant 
and  more  noticeable  in  cases  treated  with 
small  and  frequent  doses  than  in  those 
irradiated  only  once.  The  adipose  tissue 
of  the  skin  has  a  tendency  to  chronic 
inflammation  in  the  form  of  induration, 
which  is  observed  also  in  cases  where  the 
skin  showed  only  an  ordinary  pigmenta- 
tion. The  radioscnsitivity  of  a  tissue  may 
be  taken  to  increase  with   increase  of  its 
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fat  stratum,  and,  therefore,  the  infiltra- 
tion is  greater  and  more  characteristic 
in  those  parts  of  the  body  where,  physi- 
ologically, there  is  accumulation  of  fat, 
especially  if  the  fat  be  covered  with  flabby 
and  spongy  skin  (lower  abdomen  of  old 
women,  region  below  forehead  and  jaw). 
The  development  of  a  callus  seems  to 
begin  immediately  after  irradiation,  and 
through  external  causes  (compression, 
trauma)  may  be  painful. 

In  this  connection  we  may  report  an 
observation  of  Regaud  and  Nogier. 
External  trauma  or  trauma  caused  by  opera- 
tion is  not  dangerous  soon  after  the  irradia- 
tion, but  it  may  become  so  if  it  occurs  a 
long  time  after  the  irradiation.  As  the 
vessels  and  other  radiosensiti\e  elements 
are  not  injured,  trauma  may  cause  no 
trouble.  Later,  however,  complications 
may  arise  owing  to  changes  which  have 
taken  place  in  the  irradiated  tissue.  The 
course  of  callous  infiltration  is  extremely 
chronic;  with  a  larger  degree  of  inflamma- 
tion necrosis  may  set  in.  It  is  probable  that 
ulcers  of  the  skin  caused  by  radiation, 
even  when  not  followed  by  erythema,  must 
be  ascribed  to  this  action  on  the  adipose 
tissue.  Muhlmann  concludes  his  observa- 
tions by  advising  the  administration  of 
only  two-thirds  of  an  erythema  dose  on 
skin  areas  having  considerable  adipose 
tissue,  and  the  attempt  to  compress, 
if  possible,  the  surface  to  be  irradiated  by 
means  of  a  suitable  bandage.  After  three 
to  five  months  the  edematous  regions 
which  are  not  radiated  again  become 
normal  in  consistency  and  function. 

Jungling  tries  to  account  otherwise  for 
the  nature  of  this  skin  edema.  We  may 
observe  injury  to  the  lymphatics,  espe- 
cially to  the  endothelium,  which  is  very 
permeable  and  readily  causes  lymphatic 
stasis.  These  lymphatic  elements  possess 
a  relatively  large  radiosensitivity,  for 
edema  thus  accounted  for  is  observed  in 
many  cases  when  the  skin  remains  intact 
or  slightly  altered.  A  histological  study 
shows  that  edema  is  principally  localized 
in  the  papillary  stratum;  the  capillary 
vessels  and  the  lymphatic  rifts  dilate  and 
show  many  leucocytes  in  the  periphery. 
The  edema  is  undoubtedly  of  an  inflamma- 
tory   nature.    The    constant    perivascular 


infiltrations  which  are  apparent  even  with 
small  doses  are  present  many  months 
after  irradiation.  The  infiltration  is  due 
principally  to  the  swollen  fixed  connective 
tissue  cells,  from  a  few  lymphocytes  and 
leucocytes.  With  a  larger  dose,  the  edema 
increases  in  the  reticular  layer,  with  a 
swelling  of  the  papillae,  up  to  the  separa- 
tion of  the  epithelium,  with  the  appear- 
ance of  an  injury  between  the  epidermis 
and  the  papillary  layer.  According  to  the 
authors,  these  changes  can  still  heal 
readily,  provided  no  additional  radiation 
is  administered  during  the  healing  process. 

All  these  observations  and  conclusions 
which  have  been  subject  to  argument  from 
the  beginning  of  superficial  .v-ray  therapy 
down  to  the  present  day  of  deep  radio- 
therapy, are  but  the  analysis  and  syn- 
thesis of  injuries  which  appear  on  the  skin 
owing  to  the  correct  or  mistaken  applica- 
tion of  a  beam  of  radiation.  The  erythema 
dose  used  as  a  criterion  corresponds  to  a 
certain  point  in  the  aforesaid  scale  of 
injuries,  and  our  technical  skill  should 
enable  us  (i)  to  reproduce  at  every  irradia- 
tion a  predetermined  skin  reaction  of 
certain  and  easy  recovery,  readily  with- 
stood by  the  patient,  and  (2)  at  the  same 
time,  without  injuring  the  surface,  to 
deliver  a  strong  dose  of  x-rays  at  the 
desired  depth. 

Different  schools  have  adopted  different 
degrees  of  erythema  as  the  standard  skin 
dose.  The  criterion  of  skin  vulnerability, 
since  it  cannot  have  a  pathological  limit  in 
the  absolute  sense,  is  differently  inter- 
preted. Opinions  differ  as  to  the  degree  of 
the    skin     lesion    which     is     permissible. 

The  erythema  dose  adopted  by  Seitz  and 
WIntz  Is  that  skin  change  which,  caused  by 
hard  rays,  appears  soon  after  irradiation 
as  a  slight  redness.  After  three  weeks  It  has 
a  darker  coloration,  and  in  about  six  weeks 
is  followed  by  a  decided  bronzing.  They 
have  correlated  the  biological  dose  with 
the  reading  of  a  physical  Instrument. 
They  found  that  a  dose  which  measures 
less  than  35  units  of  their  electrometrlc 
system  will  not  produce  the  above-men- 
tioned skin  changes,  whereas  a  dose  of  more 
than  35  units  produces  a  more  severe 
reaction,  with  a  possibility  of  first  degree 
burns. 
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Kroenig  and  Friedrich,  following  their 
numerous  experiments  on  tadpoles  and  on 
the  human  skin,  employing  rays  of  differ- 
ent composition,  adopted,  as  a  biological 
unit  of  radiation,  an  erythema  dose.  This 
they  could  measure  by  means  of  an  electro- 
metric  system  of  their  own.  The  skin 
changes  which  they  obtain  with  their  unit 
dose  are  much  more  marked  than  those  of 
the  Seitz  and  Wintz  unit.  The  erythema 
dose  of  Kroenig  and  Friedrich  is  identical 
with  the  so-called  inflammation  dose  of 
Opitz,  which,  in  the  human  subject,  pro- 
duces simply  an  inflammation  of  the  first 
degree,  accompanied  by  temporary  red- 
dening. From  170-180  "e"  of  their  electro- 
metric  units  give  rise  with  considerable 
constancy  to  the  above-mentioned  reaction, 
whereas  with  210  "e"  a  second  degree 
erythema  is  produced,  with  excoriation  of 
the  skin,  and,  in  many  instances,  with 
vesication. 

For  Warnekros,  the  definition  of  an 
erythema  dose  in  the  sense  described 
by  Seitz  and  Wintz,  and  Kroenig  and 
Friedrich,  cannot  constitute  a  definite 
criterion  which  can  be  applied  with  cer- 
tainty to  e\'ery  case.  He  finds  in  the 
amount  of  radiation  necessary  to  produce 
the  reddening  and  later  tanning  of  the 
Seitz  and  Wintz  dose,  a  difference  of 
30  to  40  per  cent  in  different  patients.  He 
irradiates  very  powerfully,  and  his  cri- 
terion of  maximum  skin  dose  is  that  which 
produces  a  pronounced  dark  red  coloring 
of  the  abdominal  skin,  with  papular 
separation  of  the  epidermis  and  a  profuse 
secretion  from  the  raw  surface.  This  dose, 
according  to  the  author,  is  greater  than  the 
so-called  "carcinoma  dose"  in  the  ratio  of 
100-85;  the  carcinoma  dose  is  thus  defined, 
since  it  produces  a  biological  effect  on 
carcinomatous  glands  situated  immediately 
below  the  surface.  The  action  of  so  strong 
a  dose  on  the  skin  is  not  serious,  and  War- 
nekros states  that  he  has  no  special  injuries 
to  record.  The  irradiated  skin  has  a  ten- 
dency to  heal  rcadil>',  and  without  some 
special  cause  there  should  be  no  ulceration 
or  necrosis.  With  this  method  the  entire 
dose  of  radiation  is  gi\cn  in  one  sitting. 
Should  thickening  of  the  skin  and  sub- 
cutaneous tissue  be  obserxed  in  ten  to 
twenty   weeks,   this   will   become   normal. 


But  there  is  always  the  question: 
Can  we,  under  all  conditions  of  technique, 
duplicate  our  dosage?  That  is,  can  we 
always  use  a  beam  of  rays  whose  physical 
properties  are  identical? 

A  matter  w^hich  is  becoming  of  great 
interest  is  that  of  .v-ray  injuries  which 
appear  after  some  lapse  of  time — the  so- 
called  "late  efl'ects." 

It  seemed,  after  the  introduction  of  hard 
rays  in  radiology,  that  the  danger  of 
burns  was  past.  It  was  believed  that  the 
skin  could  withstand  a  greater  amount  of 
radiation  as  the  filtration  was  increased. 
But  later,  after  a  very  long  time,  burns 
were  noted.  There  are  cases  described  in 
the  literature  in  which  severe  skin  injuries 
appeared  five  to  six  years  after  treatment, 
although  in  no  case  was  excessive  dosage 
used,  and  it  seldom  exceeded  the  erythema 
dose.  However,  the  evidence  points  to  the 
fact  that  in  every  case,  successive  doses 
were  administered  at  short  intervals,  two 
to  four  \\eeks,  and  in  order  to  attain  the 
dose  considered  destructive  for  cancer 
tissue,  5-8-10  consecutive  treatments  were 
given.  The  origin  of  these  late  injuries, 
which  occur  only  with  strongly  filtered 
radiation,  is  not  to  be  ascribed  to  the 
nature  of  the  rays  themselves,  but  to  the 
selective  radiosensitivity  of  certain  skin 
elements,  as  we  have  already  seen. 

In  x-ray  therapy  as  practiced  some  years 
ago  with  weakly  filtered  radiation,  the 
radiologist  could  note  the  appearance  of  a 
burn  as  soon  as  the  maximum  dose  toler- 
ated by  the  skin  was  exceeded;  when  this 
did  not  occur,  it  was  evident  that  the 
skin  would  always  remain  sound,  for  the 
rays  were  so  slightly  penetrating  that 
the  vessels  situated  below  the  skin  were  not 
damaged.  The  contrary  is  true  for  more 
penetrating  radiation,  for  it  is  possible 
to  give  strong  doses  at  a  depth  without 
injuring  the  skin.  The  skin  which  has  been 
submitted  to  such  strong  radiation  not 
only  should  not  be  radiated  again,  but 
should  be  protected  from  external  injury 
(trauma)  which  may  impede  nutrition  and 
delay  or  stop  the  process  of  recovery. 
There  should  then  be  no  danger  of  late 
burns,  since  the  steacfy  improxement  in  the 
circulation  and  the  recoxery  of  the  vital 
functions  of  the  elements  of  the  tissue  can- 
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not  possibly  account  for  the  formation  of 
late  ulcer  and  necrosis.  But  this  is  not  true 
if,  at  the  time  of  recovery  of  its  normal 
functions,  the  tissue  be  radiated  again. 
The  injury  may  not  show  itself  immedi- 
ately: years  may  pass;  but  finally,  neither 
the  defensi^'e  strength  of  the  organism  in 
general,  nor  the  assistance  rendered  by 
the  neighboring  tissue,  can  save  the  tissue 
and  pre\'ent  slow  necrosis. 

No  other  explanation  of  late  injuries 
can  be  found,  and  the  cases  recently 
described  in  the  literature  cannot  be 
interpreted  otherwise.  Waelsch  reports  the 
case  of  a  patient  who,  nine  months  after 
the  irradiation,  was  affected  by  a  third 
degree  radiodermatitis.  On  the  skin  of  the 
face  and  neck  were  left  typical  scar  forma- 
tions with  telangiectasis  and  hyperkerato- 
sis. The  author  states  that  recently  a 
carcinomatous  formation  developed  in  the 
middle  of  the  scar  in  the  cheek.  We  wonder 
what  part  the  injury  of  seventeen  years 
before  played  in  the  development  of  this 
carcinoma.  We  are  of  the  opinion  that  this 
cannot  be  dissimilar  to  x-ray  carcinoma, 
which  is  caused  originally  by  slight  and 
slow  radiodermatitis,  and  may  develop 
uninterruptedly  and  cause  death,  as  in 
the  case  of  many  radiologists,  or  it 
may  remain  latent  for  many  years,  and 
then,  owing  to  obscure  external  or 
internal  causes,  give  rise  to  irreparable 
injuries. 

We  may  call  attention  to  the  fact  also 
that  in  the  treatment  of  neoplasms  or 
lymph-glands  in  the  neck  by  crossfire, 
we  can,  without  producing  any  change  on 
the  surface,  produce  at  a  depth,  where  the 
beams  overlap,  those  injuries  to  the  vessels 
and  other  elements  which  we  have  already 
described.  This  crossing  of  beams  of 
radiation  with  accompanying  dangerous 
increase  of  dose,  can  also  take  place  when 
the  Roentgen-Wertheim  method  is  used. 
It  is  important  to  note  that  injury  may 
arise  from  overlapping  beams  which,  sepa- 
rateh",  would  not  be  dangerous. 


Detailed  statements  of  the  importance 
of  the  physical  nature  of  the  rays  in  deep 
therapy  ha\e  been  made  by  Rost,  Kroenig 
and  Friedrich,  and  Seitz  and  Wintz.  The 
histological  examination  of  tissues  injured 
by  radiation  led  Rost  to  assert  that  the 
injuries  are  of  similar  character  in  every 
case,  whether  they  are  produced  by  radia- 
tion of  long  or  short  wave-length.  The 
degree  of  biological  action  is  dependent  on 
the  amount  of  radiation  absorbed  in  a  unit 
volume  of  tissue,  whence  serious  injuries 
may  arise  from  the  administration  of  small 
doses  of  soft  rays.  Kroenig  and  Friedrich, 
after  many  experiments,  arrive  at  the  same 
conclusions.  According  to  them,  the  biolog- 
ical effect  of  unfiltered  .v-rays  and  of  those 
filtered  bj'  i  mm.  of  copper  is  equal  for 
equal  doses;  the  biological  effect  of  rays 
filtered  by  8  mm.  of  aluminum  or  i  mm. 
of  copper  is  equal  for  equal  doses.  The 
same  authors  were  able  to  establish  the 
difference  in  biological  effect  for  various 
intensities  of  radiation.  With  a  difference 
in  intensity  of  i  :8  the  magnitude  of  the 
biological  reaction  is  dependent  on  the 
intensity  of  the  radiation;  for  equal  doses 
the  effect  is  stronger  for  the  more  intense 
radiation.  For  a  difference  in  intensity  of 
I  :5  the  biological  reaction  is  independent 
of  the  intensity. 

During  the  last  few  years,  since  the  war, 
we  have  noted  a  new  factor  contributing 
to  the  uncertainty  of  deep  .v-ray  therapy. 
Skin  burns  appeared  with  no  apparent 
cause.  Skilled  therapists  excluded  over- 
dosing, predisposition,  and  every  other 
cause  heretofore  mentioned.  It  has  been 
shown  that  variations  in  the  primary 
voltage  may  cause  such  changes  in  the  tube 
\oltage  as  to  give  considerable  increase  of 
dose,  sufficient  to  account  for  all  types  of 
injury.  Poor  coal  and  defects  in  the 
electrical  distributing  system  cause  line 
fluctuations  between  afternoon  and  even- 
ing from  170  to  250  \olts.  This  is  sufficient 
to  cause  a  good  deal  of  trouble,  unless 
proper  precautions  are  taken. 
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A  VISIT  TO  SOME  SOUTH  AMERICAN  RADIOLOGISTS 

BY   JAMES   T.    CASE,   M.D.,    F.A.C.S.,   D.M.R.    &   E.    (CAMB.) 
Battle  Creek  Sanitarium 

BATTLE    CREEK,    MICHIGAN 


IJ^ARLY  this  year  it  was  my  privilege 
-^  to  make  a  journey  to  the  principal 
cities  on  the  Atlantic  Coast  of  South 
America  in  connection  with  the  cruise  of  a 
group  of  Fellows  of  the  American  College 
of  Surgeons.  On  board  the  "Van  Dyck" 
of  the  Lamport  &  Holt  Line  we  sailed 
from  New  York  on  Feb.  lo,  1923,  calling 
for  a  stay  of  from  one  to  five  days  in  each 
of  the  following  ports,  in  the  order  named: 
Havana,  Panama,  Cartagena  (Colombia), 
LaGuayra  and  Caracas  (Venezuela),  Trini- 
dad Island,  Rio  de  Janeiro  (Brazil), 
Santos  and  Sao  Paulo  (Brazil),  Buenos 
Aires  (Argentina),  Montevideo  (Uruguay), 
Rio  de  Janeiro  again,  and  Bridgetown 
(Barbadoes,  British  West  Indies).  Official 
recognition  of  the  mission  of  the  North 
American  Surgeons  was  forthcoming  from 
each  of  the  republics  visited,  the  president 
in  each  instance  except  Colombia  personally 
receiving  us  and  our  wives  at  an  appropri- 
ate occasion.  Cordial  greetings  were 
extended  by  the  medical  profession  of  the 
various  countries,  indi\idually  and  through 
the  Faculty  of  Medicine  of  the  Uni\  ersity 
in  each  city.  In  Rio,  Buenos  Aires  and 
Montevideo  formal  meetings  of  the  Fellows 
of  the  College  of  Surgeons  were  held  in 
conjunction  with  the  medical  or  surgical 
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societies,  the  program  being  supplied  by 
speakers  both  North  American  and  South 
American. 

It  is  difficult  for  the  citizen  of  the  United 
States  who  has  not  visited  the  wonderful 
cosmopolitan  cities  of  the  southern  half  of 
the  New  World  to  appreciate  their  beauty, 
their  culture,  their  effort  to  keep  abreast 
of  the  rapid  advances  made  in  medical 
science  in  other  parts  of  the  world.  Indeed, 
even  for  one  who  has  all  his  life  been 
interested  in  things  and  doings  Spanish, 
there  was  a  very  distinct  though  agreeable 
surprise  in  realizing  a  visit  to  such  a 
wonderfully  beautiful  city  as  Rio  with 
its  million  and  a  quarter  inhabitants, 
Buenos  Aires,  a  second  Paris,  with  nearly 
two  million  inhabitants,  and  Montevideo 
with  four  hundred  thousand  population. 
We  are  told  that  the  West  Coast  cities 
are  not  one  whit  behind  in  culture  and  in 
the  natural  beauty  of  their  surroundings, 
and  it  is  our  hope  one  day  to  achieve  a 
visit  to  the  principal  cities  of  Chili,  Peru, 
Bolivia,  Ecuador  and  the  capital  of 
Colombia.  Aside  from  their  other  charms, 
all  these  important  South  American 
republics  should  attract  our  attention 
because  of  their  economic  and  political 
importance  in  relation  to  the  future  of  our 
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own  republic.  Brazil  has  t\venty-li^e 
million  inhabitants  speaking  Portuguese; 
Argentine  twelve  million  Spanish-spealcing 
people  largely  inlhicnced  by  Spanish, 
French,  Italian,  and  German  ideals,  not 
only  in  general,  but  also  in  relation  to 
medical  and  surgical  practice.  The  same 
is  true  of  Montevideo  and  the  repubhc 
of  Uruguay.  More  purely  Spanish  are  the 
West   Coast  republics,   Lima,  Quito,  and 


In  Buenos  Aires  the  "Sociedad  Argen- 
tina de  Radio  y  Electrologia"  held  a  special 
session  in  honor  of  our  visit,  on  March  i6, 
and  the  following  evening  at  the  famous 
Jockey  Club  tendered  a  banquet  to  "Dr. 
J.  T.  Case  and  his  American  Radiological 
Colleagues."  At  the  society  meeting,  the 
president,  Professor  Alfredo  Lanari,  in 
some  elegantly  worded  remarks,  voiced 
the  warmth  and  cordiality  of  the  hospital- 


FiG.   r.  A  scene  in  the  laboratory  of  Dr.   Humberto  Carelli,  Buenos  Aires. 


Bogota  being  considered  among  the  princi- 
pal seats  of  Spanish  language  and  literature 
on  the  American  Continent. 

Not  only  were  the  surgeons  of  the 
College  Mission  received  officially  and 
individually  with  the  greatest  cordiality, 
but  those  of  us  who  have  occupied  our- 
selves largely  with  roentgenology  were 
accorded  a  special  welcome  by  the  radiolo- 
gists in  each  of  the  cities  visited.  Especially 
warm  was  the  attention  given  Dr.  Emil 
Beck  and  myself  as  members  of  the  Ameri- 
can Roentgen  Ray  Society  by  the  radiolo- 
gists of  Buenos  Aires  and  of  Montevideo. 
Every  possible  facility  was  afforded  for 
our  entertainment  and  enlightenment  as 
to  South  American  ideals  and  practice 
in  roentgenology. 


ity  which  they  wished  to  extend  to  us, 
and  invited  the  writer  to  take  the  chair  as 
presiding  officer  of  the  evening.  Dr.  Heuser 
and  Dr.  Carelli,  as  well  as  most  of  the  other 
speakers,  seconded  the  cordial  welcome  of 
the  president.  The  following  program  will 
convey  some  idea  of  the  scope  of  interest 
of  our  southern  colleagues  in  radiological 
work. 

1 .  James  T.  Case.  Radiological  Explora- 
tion of  the  Duodenum  (In  Spanish). 

2.  A.  and  E.  Lanari.  Hydatid  Cysts  of 
the  Lung  (In  Spanish).. 

3.  Humberto  Carelli.  On  Pneumoperito- 
neum in  the  Diagnosis  of  Abdominal  Hyda- 
tidosis  (In  English), 

4.  J.  A.  Saralegui.  Results  in  Deep 
Roentgen  Therapy  (In  Spanish). 
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5.  Carlos  Heuser.  Demonstration  of 
Cases  Treated  with  Deep  Therapy  (In 
English). 

6.  C.  Donovan.  Radiological  Explora- 
tion of  the  Lumbo-Sacral  Spine  (In 
Spanish). 


brilliant  triumphs  of  radiological  investiga- 
tion. (It  should  be  mentioned  that  hydatid 
disease  is  very  common  in  the  Argen- 
tine. There  is  scarcely  a  surgeon  of  conse- 
quence that  does  not  operate  upon  some 
scores  of  cases  of  hydatid  disease  vearlv  and 


FiC.  2.  Waiting  room  in  (Radiological  Institute  of  Dr.  Carlos  Heuser,  Buenos  Aires. 


7.  F.  Merlo  Gomez.  Demonstration  of 
the  Carelli  Table  (In  Spanish). 

Dr.  Beck  was  called  upon  for  discussion 
of  se\eral  of  the  communications. 

Professor  Lanari  and  his  brother  gave 
a  well-illustrated  discourse  on  pulmonary 
hydatids  and  their  differentiation  from 
sarcoma.  Thediagnosis  of  hydatid  cyst  of 
the  lung  is  one  of  the  earliest  and  most 


among  these  the  number  of  pulmonary 
hydatids  is  not  inconsiderable.)  In  a  case 
clinically  suspected  of  a  pulmonary  hydat- 
id the  absence  of  a  suspicious  shadow 
permits  the  immediate  rejection  of  such 
a  possibility;  but  when  on  the  contrary 
the  radiological  examination  presents  shad- 
ows of  a  character  usually  considered 
characteristic   of   hvdatid   disease,    is   the 
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diagnosis  assured?  By  no  means,  for  there 
must  be  a  differentiation  between  hydatid 
cyst  shadows  and  the  \arious  other  tumors 
and  diseases  which  may  produce  abnormal 
shadows  in  the  thoracic  roentgenogram. 
The  most  easily  confounded  diseases  are 
mediastinal  sarcoma,  interlobar  pleurisy, 
pulmonary  gangrene,  pleural  elfusion,  der- 
moid cyst,  and  pulmonary  abscess. 

Pulmonary  hydatid  cysts  usually  present 
shadows  highly  characteristic  of  the  dis- 


of  the  reaction  of  the  surrounding  tissues, 
resulting  in  pleural  or  pulmonary  processes 
which  mask  the  typical  shadows.  In  the 
majority  of  cases  there  will  remain  some 
free  portion  of  the  cyst  not  covered  by  this 
obscuring  process.  In  others,  however,  the 
surrounding  reaction  materially  compli- 
cates the  diagnosis. 

In  differentiating  pulmonary  hydatid 
cvst  from  the  intrathoracic  conditions 
already   mentioned,    the   history    and  the 


Fig.  5.  A  group  of  American  visitors  in  Dr.  Heuser's  laboratory,    Buenos 
Aires.  Dr.  Heuser  in  wliile  gown,  indicated  by  X. 


ease,  and  the  diagnosis  is  usually  simple 
either  with  the  film  or  with  the  screen. 
This  is  especially  true  in  dealing  with  cen- 
tral cysts  giving  uniform  shadows  of  varia- 
ble size,  rounded  or  oval,  and  with  well- 
circumscribed  borders  surrounded  by 
healthy,  cortical  tissue.  The  translucency 
of  the  surrounding  lung  tissue  makes  the 
typical  opaque  shadow  of  the  cyst  stand 
out  characteristically.  In  the  presence  of 
a  shadow  giving  such  characteristics,  the 
diagnosis  offers  no  doubt;  but  it  fre- 
quently occurs,  especially  in  some  of  those 
cases  where  cysts  have  undergone  purulent 
infection,  that  the  cyst  shadows  do  not 
present  all  these  characteristics  on  account 


clinical  signs  play  a  very  important  part. 
Dermoid  cyst  and  pleuropulmonary  hema- 
tocele are,  in  the  Lanari  opinion,  not 
distinguishable  roentgenologically  from  hy- 
datid cyst,  although  some  authors  have 
tried  to  make  differentiations.  The  radiolo- 
gist simply  can  confirm  the  presence  of 
a  shadow  of  a  cyst.  Certain  forms  of  pleur- 
isy naturally  offer  confusion,  especially 
the  encysted  pleurisies,  and  above  all 
those  shadows  with  rounded  contours. 
The  patient  should  be  examined  in  various 
positions  and  from  various  angles  to  make 
the  differentiation  as  complete  as  possible. 
Pulmonary  sarcomas  frequently  prcserit 
the  characteristics  of  hydatid  cyst.  This 
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is  true  when  they  are  found  in  the  midst  of 
the  clear  pulmonary  field  with  the  well- 
defined  border  well  known  to  us  all.  The 
differential  diagnosis  is  difficult.  Of  the 
differential  signs,  a  few  may  be  mentioned: 
(i)  The  intensity  of  the  shadow.  In  equal 
volume,  the  sarcoma  is  always  more 
opaque  than  the  cyst.  It  is  more  difficult 
to  distinguish  the  ribs  through  the  shadow 
of  a  sarcoma  than  of  a  cyst:  not  a  very 


Fig.  4.   Photograph  of  Dr.  Humbt-rto  Carelli,  Buenos 
Aires. 

\aluable  evidence,  it  is  granted,  yet  it  is 
possible  to  make  it  of  importance.  (2) 
Another  sign  is  an  apparent  connection 
with  the  mediastinum.  Sarcomas  generally 
originate  in  the  connective  tissue  of  the 
mediastinum  and  one  can  trace  a  connec- 
tion between  the  tumor  and  the  medias- 
tinal shadow.  When  neither  the  intensity 
nor  the  apparent  connection  of  the  medi- 
astinum permit  confirmation  of  the  diagno- 
sis, it  is  well  to  wait  for  a  while,  watching 
the  radiological  evolution  of  the  tumor  to 
see  if  new  signs  may  not  de^■elop.  (3) 
Ordinary  sarcoma  grows  more  readily 
than  cvst.  The  author  does  not  wish  to  sav 


that  this  difference  can  be  observed  in  a 
little  while.  Sarcoma  sometimes  grows 
slowly,  and  in  more  than  one  case  he  has 
found  that  many  months  after  the  first 
examination  it  was  difiicult  to  prove  any 
appreciable  increase  in  volume.  There 
comes  a  time,  however,  when  the  sarcoma 
commences  to  grow  brusquely  and  sud- 
denly, and  then  the  diagnosis  is  cleared. 
He  believes  this  is  a  sign  which  is  sooner 
or  later  observed  in  all  sarcomas.  When  on 
repeated  observation  of  a  presumed  hydatid 
of  the  lung,  there  is  found  a  sudden 
change  in  size  and  form  of  the  shadow, 
which  cannot  be  explained  by  the  clinical 
symptoms  as  a  reaction  to  purulent  infec- 
tion, one  must  reject  the  diagnosis  of 
cyst  in  favor  of  sarcoma. 

Professor  Lanari  is  chief  of  the  Depart- 
ment of  Physiotherapy  in  the  Uni\ersity 
of  Buenos  Aires,  his  laboratories  being 
located  in  the  Hospital  de  Clinicas,  just 
across  the  street  from  the  School  of  Medi- 
cine. Here  was  found  an  amply,  though  not 
recently,  equipped  radiological  institution, 
with  new  apparatus  for  deep  therapy 
about  to  be  installed. 

Dr.  Carelli's  name  is  very  familiar  to 
most  American  radiologists,  and  especially 
to  the  readers  of  our  Journal,  because 
of  his  work  on  pneumoperitoneum  and 
perirenal  emphysema,  an  extended  account 
of  which  was  recently  published  in  these 
pages.  The  special  advantages  of  the 
pneumoperitoneum  method,  above  all 
when  carried  on  by  the  aid  of  the  elaborate 
and  ingenious  table  constructed  by  Carelli 
for  the  purpose,  is  easily  apparent  in  the 
search  for  abdominal  hydatidosis,  the 
resulting  improvement  in  the  percentage  of 
correct  diagnoses  approaching  that  for 
lung  hydatidosis.  One  can  scarcely  imagine 
a  demonstration  of  a  larger  number  of  more 
interesting  roentgenograms,  of  such  a 
high  average  quality  from  the  technical 
standpoint,  than  were  included  in  this 
very  instructive  exposition. 

Carelli,  like  Heuser,  is  engaged  in  private 
practice,  the  private  institutes  of  these 
men  being  models  from  the  standpoints 
both  of  art  and  of  equipment  for  high-class 
work.  I  understand  Carelli  is  to  be  associ- 
ated with  the  work  of  Professor  Arce,  the 
leading  surgeon  of  Buenos  Aires,  in  the 
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new  Institute  of  Surgery  of  the  University 
of  Buenos  Aires,  one  of  the  most  per- 
fectly-equipped surgical  institutions  in 
the  world.  Here,  for  the  first  time,  I 
found  a  public  teaching  hospital  with  an 
equipment  ideal  from  the  roentgenological 
standpoint. 

The  next  paper,  by  Saralegui,  the 
secretary  of  the  Argentine  Radiological 
Society,  was  an  account  of  his  personal 
experiences  in  the  new  deep  therapy.  I 
saw  some  of  this  radiologist's  work  at  the 
Rivadavia  Hospital — some  neatly  per- 
formed and  illuminating  cases  of  pneumo- 
peritoneum. 

Carlos  Heuser  followed  with  a  lantern- 
slide  and  patient  demonstration  of  some 
of  his  deep  therapy  results,  his  cases  in 
every  way  demonstrating  that  in  his  degree 
of  success  he  was  not  one  whit  behind  the 
work  I  have  previously  seen  in  France  and 
Germany,  and  quite  equal  to  the  success 
of  any  radiologist  in  North  America. 
This  speaker  had  gone  to  no  end  of  trouble 
to  provide  a  rich  clinical  demonstration. 

Heuser  urges  the  fact  that  the  rays 
bring  about  a  cure  through  their  phj'^sical 
effect  on  the  neoplastic  cells,  as  they 
destroy  the  colloidal  action.  Through  the 
vibration  of  the  ray  the  organism  of  the 
cell  is  dismembered,  resulting  in  a  fall  ot 
the  nucleus  outside  of  the  cell  and  the 
reabsorption  of  the  dead  cell's  organism. 
This  results  in  the  destruction  of  the  cells 
that  receive  sufficient  vibration  to  kill 
them;  in  the  lack  of  which  a  recurrence  of 
the  disease  ensues  and  the  cancer  re- 
develops. The  foregoing  remarks  explain 
why,  in  many  instances,  we  apparently 
cure  the  disease,  and  yet  if  the  cells  are 
not  within  the  zone  of  efficient  radiation, 
they  are  not  completely  annihilated  and 
reproduce  themselves  easily  in  a  weakened 
constitution.  Heuser  is  of  the  opinion  that 
the  radiologist  ought  to  submit  cancerous 
patients  to  treatment  prior  to  operation 
so  as  to  destroy  partially  the  malignant 
cells  and  thus  render  them  less  reproductive. 
When  such  a  tumor  is  removed  we  proba- 
bly extract  one  that  is  not  so  liable  to 
reproduce  itself.  By  this  process  better 
cures  will  be  obtained  than  by  treating 
the  patient  during  other  stages,  such  as 
after  the  operation. 


The  type  of  rays  employed  should  be 
suited  to  the  cells.  Some  cells  are  cured 
with  soft  rays,  others  yielding  to  hard  ones. 
Furthermore,  there  are  certain  cells  which 
cannot  be  destroyed  except  by  other 
biological  means. 

Statistics  show  that  the  probability  of 
improvement  depends  upon  the  location, 
the  class  of  ceil  in  each  location,  the 
condition  of  the  patient's  organic  activ- 
ities, and  lastly,  on  the  procedure  which  has 


Fig.  5.  Photograph  of  Dr.  Carlos  Heuser,  Buenos  Aires. 

been  followed  to  attempt  a  cure  of  the 
cancer. 

Heuser  submits  as  highly  valuable  data 
such  cases  as  the  prostate,  the  uterus, 
sarcomas  and  carcinomas  of  large  cells. 
However,  in-so-far  as  carcinoma  of  the 
throat,  tongue  and  stomach  are  concerned, 
it  is  not  possible  to  obtain  permanent  cures, 
although  temporary  improvement  is 
achieved  extending  over  a  period  of  a!  few 
months.  The  carcinomas  which  dissolve 
rapidly  and  contract  a  second  infection 
move  ^  very  swiftly,  while  those  which 
disappear  gradually  are  more  readily  cured. 

In  regard  to  uterine  fibroids,  Heuser 
succeeded  in  reducing  the  volume  by  80 
per   cent,   and   for  the  remaining  nucleus 
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he  recommends  removal,  since  it  is  difficult 
to  forecast  developments  within  four  or 
six  subsequent  years.  On  his  records  he 
has  3  cases  of  fibroid  tumors  which 
were  treated  between  19 12  and  19 14,  ail 
of  whom  died  in  192 1 — one  as  the  result 
of  a  sarcoma  of  the  lung,  another  due  to 
cancer  of  the  rectum,  and  the  third  in 
consequence  of  a  sarcoma  of  the  uterus. 
For  this  reason  he  feels  that  we  should 
remove  whatever  tumor  tissue  remains 
in  the  abdomen. 

Because  of  lack  of  time  Dr.  Donovan 
consented  to  have  his  paper  read  by  title, 
and  the  entire  audience  adjourned  to  the 
new  Surgical  Institute  above  referred  to, 
where  we  witnessed  the  working  of  the 
new  model  of  the  Carelli  table.  Those  of 
my  readers  who  did  not  read  Carelli's 
article  in  the  April  issue  of  this  Journal 
will  do  well  to  look  it  up;  there  they  will 
find  numerous  illustrations  of  the  various 
ad^'antages  afforded  by  the  new  table. 

At  the  banquet  the  following  evening 
toasts  were  proposed  by  President  Lanari 
and  responded  to  by  Dr.  Beck  and  the 
writer,  and  Drs.  Carelli,  Donovan,  Sarale- 
gui,  Edward  Lanari,  La  Marque,  Ustenghi, 
Heuser,  and  Barrague.  In  the  course  of  the 
remarks  I  heard  an  explanation  of  the 
fact  that  the  Argentine  radiologists  do  not 
seem  over-enthusiastic  about  their  hos- 
pital work.  We  had  observed  that  in  the 
various  hospitals  (with  the  exceptions 
above  mentioned)  the  radiological  depart- 
ment seemed  to  be  given  scant  attention 
in  the  way  of  equipment,  and  there  was  a 
corresponding  limitation  to  the  radiological 
work  done,  both  as  to  quantity  and  quality. 
It  seems  that  in  the  majority  of  hospitals, 
the  roentgen-ray  departments  are  regarded 
as  of  secondary  consequence,  and  there  is 
therefore  but  little  inducement  to  work  in 
many  of  the  sanitary  establishments  where 
complaints  on  the  part  of  the  radiological 
workers  go  unheeded. 

The  Argentine  speakers  declared  that 
they  were  all  seeking  to  achieve  success 
In  the  cure  of  cancer  by  means  of  the 
roentgen  rays.  Unha|)pil\',  although  it  was 
true  that  some  cures  iiad  been  attained, 
they  "have  not  yet  emerged  triumphantly 
from  the  struggle"  and  are  not  "as  enthu- 
siastic as  the  Germans"  in  curing  cancer 


with  the  x-rays — not  because  they  do  not 
utilize  the  same  appliances  and  identical 
methods,  but  because  they  feel  it  is  "best 
to  reveal  the  naked  truth."  They  feel, 
however,  that  they  have  made  great 
strides,  and  today  can  achieve  apparent 
success  where  failure  hitherto  followed 
their  efforts. 

All  joined  in  expressing  the  hope  that  the 
friendly  relations  existing  between  the 
radiologists  of  the  northern  and  the 
southern  continents  may  become  still 
closer,  leading  to  an  "ideal  union,  working 
for  the  cure  of  the  ills  which  afflict  human- 
ity, in  an  altruistic  and  generous  spirit." 
Repeated  expression  was  given  to  the 
pleasure  experienced  by  our  hosts  In  ex- 
tending to  us  their  cordial  greetings,  and, 
through  us,  to  our  colleagues  of  the 
American  Roentgen  Ray  Society  their 
grateful  thanks  for  the  many  courtesies 
which  they  receive  during  their  periodical 
visits  to  the  United  States  of  America. 

Dr.  Carelli  and  Dr.  Heuser  both  ar- 
ranged for  visits  to  their  private  establish- 
ments, as  well  as  to  their  homes,  and  to 
them  and  their  most  charming  ladles  we 
and  our  ladies  owe  a  great  debt  of  thanks. 
As  before  suggested,  the  Radiological 
Institutes  of  these  two  gentlemen  (the 
only  ones  in  Buenos  Aires  I  had  an 
opportunity  to  visit)  are  models  of  their 
kind.  A  large  group  of  surgeons  from  the 
Cruise  took  advantage  of  the  courtesy  of 
these  doctors  to  witness  demonstrations 
of  their  technique  in  deep  therapy  and  in 
pneumoperitoneum  work,  especially  In  the 
perirenal  emphysema  of  Carelli.  For  this 
special  work,  Carelli  Is  now  employing  an 
"oxygenateur  du  Dr.  R.  Bayeux"  manu- 
factured by  Richard  of  Paris,  the  maker  of 
the  "Verascope  Richard,"  a  stereoscopic 
camera  which  many  of  us  have  admired 
and  used. 

In  connection  with  the  formal  meeting  of 
the  American  College  of  Surgeons  at  the 
Faculty  of  Medicine,  under  the  presidency 
of  Professor  Arce,  the  rector  of  the  Uni- 
versity, papers  were  contributed  by  the 
college  through  Dr.  Hugh  ^'oung  of 
Baltimore  and  the  writer.  Dr.  Young's 
paper,  given  partly  In  French,  concerned 
the  surgical  removal  of  the  prostate  lor 
various     conditions,     while     the     writer's 
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paper,  in  Spanish,  concerned  the  employ- 
ment of  the  .v-rays  in  the  postoperative 
management  of  surgical  cases,  especially 
in  the  early  determination  of  postoperative 
ileus,  the  study  of  fistulous  tracts,  studies 
after  gastroenterostomy  and  other  gastro- 
intestinal operations,  and  for  the  correct 
collocation  of  splints,  sounds,  drainage 
tubes  and  catheters.  As  I  pointed  out  ten 
years  ago,  it  is  possible  to  save  patients 
from  death  by  ileus  every  year  in  every 
hospital  in  the  land  by  the  routine  em- 
ployment of  bedside  apparatus  in  the  study 
of  patients  on  the  third  day  after 
abdominal  and  pelvic  operations.  It  is  not 
necessary  to  administer  barium;  simply 
place  a  large  film  with  screen  underneath 
the  abdomen  of  the  patient,  and  make  a 
short  exposure  with  the  bedside  apparatus. 
The  resulting  roentgenogram  will  reveal 
evidence  which  is  very  valuable  in  confirm- 
ing or  denying  the  presence  of  post- 
operative ileus,  for  if  it  exists,  there  will 
be  an  easily  discernible  distention  of  the 
small  intestine  with  gas,  the  distended 
coils  reaching  such  proportions  that  the 
diagnosis  is  clear  in  the  great  majority  of 
instances  without  the  administration  of 
opaque  material. 

On  arri\al  at  Montevideo,  I  found  a 
delegation  of  Uruguayan  radiologists  wait- 
ing at  the  dock.  I  was  carried  at  once  to 
the  office  of  Dr.  Pedro  Barcia  by  his  associ- 
ate. Dr.  Mezzera,  where  I  found  a  large 
array  of  patients  awaiting  my  examination. 
They  were  chosen  from  the  cases  selected 
for  operation  in  the  surgical  clinics  planned 
for  the  visiting  surgeons  during  the  next 
three  days,  and  I  was  asked  to  check  over 
and  confirm  or  deny  the  findings  prior  to 
operation,  and  then  "face  the  music" 
during  the  operative  sessions.  The  experi- 
ence was  a  bit  of  an  ordeal,  but  nevertheless 
a  great  pleasure,  and  one  I  shall  long 
remember.  I  saw  4  cases  of  hydatid  cyst 
of  the  lung  before  the  fluoroscope  that 
afternoon,  besides  a  long  list  of  other 
important  cases  of  surgical  interest. 

Dr.  Barcia  is  a  very  hard  worker,  very 
intelligent  and  keenly  interested  in  the 
advancement  of  radiological  work  in  his 
country.  He  and  his  partner,  Mezzera, 
have  a  well-appointed  private  clinic  where 
they   work   literally    from    early   morning 


till  late  at  night.  Excellent  deep  therapy 
technique  was  practiced  here,  as  well  as  in 
the  institute  of  Dr.  Carlos  Butler,  who  is 
associated  with  Noguiera,  a  urological 
surgeon.  Barcia,  like  many  of  the  Argen- 
tine radiologists,  employed  American  appa- 
ratus for  his  treatment  work.  Indeed,  a 
\ery  large  proportion  of  the  radiological 
equipment  in  the  southern  countries  was 
of  American  manufacture. 

Dr.  Belliure  is  another  radiologist  and 
physiotherapist  of  Montevideo  who  was 
extremely  courteous  to  the  American 
visitors  and  who  deserves  special  mention 
for  this  fact. 

Carlos  Butler  is  one  of  the  long-estab- 
lished radiologists  of  South  America.  His 
work  has  been  known  to  us  for  many 
years.  He  holds  the  chair  of  Radi- 
ology in  the  Faculty  of  Medicine  of  the 
Universit}',  and  is  director  of  the 
University  Institute  of  Radiology.  I  had 
the  pleasure  of  spending  a  morning  with 
him  in  the  University  Institute  of  Radi- 
ology observing  his  work  and  looking  over 
his  records  of  past  achievements  with 
radium  and  roentgen  therapy.  Butler,  like 
most  of  the  other  South  American  radiolo- 
gists of  prominence,  has  studied  much  in 
Europe,  and  on  the  therapy  question 
especially  in  Germany,  and  he  apologized 
for  not  having  visited  us  here  in  North 
America,  on  account  of  his  unfamiliarity 
with  English  and  the  rarity  of  Spanish- 
speaking  radiologists  in  this  country. 
However,  since  the  United  States  partici- 
pated in  the  Great  War  many  of  our 
radiologists  have  acquired  a  speaking 
knowledge  of  French,  in  which  language 
all  South  American  physicians  are  able  to 
speak,  so  that  this  drawback  to  visits  from 
our  Southern  confreres  should  no  longer 
hold.  We  sincerely  hope  that  all  will  feel 
welcome  to  our  shores  and  to  our  clinics 
at  any  time. 

Again,  in  Montevideo,  it  was  my  privi- 
lege to  deliver  addresses  in  Spanish  on  two 
occasions — once  in  the  Medical  School  on 
"Some  Phases  of  the  Treatment  of  Hyper- 
thyroidism," and  in  the  amphitheatre  of 
the  "Maternity  Hospital"  a  discussion  of 
the  "  Radiological  Study  of  the  Duodenum." 
Our  hearers  were  generous  in  their  appre- 
ciation of  our  effort  to  speak  in  Spanish, 
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and  again  expressed  through  me  to  the 
American  Roentgen  Ray  Society  an  appre- 
ciation of  the  greetings  which  I  brought  to 
them  in  the  name  of  my  colleagues  of  the 
society,  and  of  the  great  advances  being 
made  in  this  country  in  radiology,  both 
in  diagnosis  and  in  therapy,  and  of  the 
help  which  this  work  has  been  to  our 
colleagues  in  Uruguay. 

All  too  soon  we  had  to  continue  on  our 
way  to  other  countries.  Rio  de  Janeiro 
deserves  special  mention  for  the  work  of 
Dr.  Duque  Estrada  and  his  associate,  Dr. 
Campello.  Estrada  is  connected  with  the 
Medical  School  of  Rio.  I  had  a  brief  chat 
with  Estrada  on  the  down  voyage  when 
we  stopped  at  Rio,  and  planned  to  have 
much  more  time  with  this  talented  radi- 
ologist, but  he  was  called  into  the  interior 
of  Brazil  and  I  failed  to  see  him  again. 
His  colleague,  Campello,  was  most  assidu- 
ous in  his  attentions,  and  did  all  in  his 
power  to  add  to  the  pleasure  and  profit 
of  our  visit. 

Dr.  Toledo  Dodsworth,  known  to  us 
in  this  country  through  his  personal  visit 
to  our  clinics  several  years  ago,  was  absent 
from  Rio  at  the  time  of  my  visit. 

Portuguese  was  none  too  easy  to  manage, 
but  by  speaking  Spanish  and  French,  it 
was  possible  to  make  our  friends  understand 
perfectly,  and  Portuguese  is  so  similar  to 
Spanish  that  it  was  reasonably  easy  to 
understand  them. 

We  did  not  have  time  to  meet  the 
radiologists  in  Sao  Paulo,  but  we  must 
mention  one  man  in  particular  there  who  is 
doing  excellent  work:  Dr.  Raphael  P.  de 
Barros.  Neither  did  we  visit  Bahia  nor 
Pernambuco.  Bahia  is  the  home  of  Dr. 
de  Souza  da  O',  director  of  the  Depart- 
ment of  Radiology  of  the  Faculty  of 
Medicine  of  Bahia.  This  radiologist  is 
well  known  to  us  by  his  publication  on 
radiotherapy,  "A  Cura  Dos  Fibromas 
Pelos  Raios  X,"  which  is  an  excellent 
treatise  of  the  subject  of  the  treatment  of 
myomas  of  the  uterus. 

Other  well-known  South  American  phy- 
sicians whose  names  are  prominent  in 
radiology  are:  Dr.  Rafael  Gonzalez  Rin- 
cones  of  Caracas,  Venezuela,  Dr.  Oswaldo 
Portugal  of  Sao  Paulo,  Brazil,  Dr.  Becerro 
Bengoa    of    Montevideo,    Uruguav,    Dr. 


Adolfo  Kaplan  of  Santiago,  Chile,  Dr. 
Ducchi  of  Santiago,  Chile,  Dr.  Esteban 
Compodonico  of  Lima,  Peru,  Dr.  Luis 
Becerra  of  Lima,  Peru,  and  Dr.  J.  A. 
Cavelier  of  Bogota,  Colombia. 

I  have  no  doubt  that  I  have  overlooked 
a  number  of  names  which  should  have 
been  mentioned;  but  surely  any  South 
American  reader  of  this  article  will  appre- 
ciate that  it  is  difRcult  for  one  individual 
in  such  a  short  time  to  cover  the  ground. 
Neither  have  I  mentioned  the  valuable 
work  which  is  being  done  in  Cuba  where 
there  Is  a  large  group  of  men  doing  excellent 
radiological  work.  I  was  especially  kindly 
treated  by  Dr.  Alfredo  Dominguez,  one 
of  the  port  physicians  and  also  a  radiolo- 
gist, who  greeted  me  on  the  boat  just  after 
we  entered  Havana  Harbor,  as  did  Dr. 
Pedro  Farinas,  Dr.  Rivero,  and  Dr, 
Cabrera  Benltez.  I  hope  to  have  the  pleas- 
ure very  shortly  of  renewing  my  acquaint- 
ance with  the  Cuban  doctors  and  of 
furnishing  an  account  of  their  work  to  the 
readers  of  our  Journal. 

CORRESPONDENCE 

To  The  Editor: 

I  am  very  grateful  to  Dr.  Sheldon  for  his 
kind  letter^  in  reply  to  my  note  respecting 
his  article  in  the  April  number  of  the 
Journal;  and  am  Interested  to  learn 
that  with  his  apparatus  he  finds  Eo,  the 
unfiltered  erythema  dose.  Is  only  2,  in 
the  units  there  used.  He  refers  to  the 
table  given  In  the  paper  by  Drs.  \\'itherbee 
and  Remer  as  confirming  this  value. 
The  reference  is  unfortunate.  They  main- 
tain that  the  effect  varies  as  the  first 
power  of  the  spark-gap;  he  regards  it  as 
varying  as  the  square  of  this  gap;  also, 
they  define  the  erythema  dose  by  four 
different  sets  of  values.  Using  these  values 
in  Dr.  Sheldon's  expression,  mam  x  G-/D^ 
we  find  the  values:  2.1 1,  4.21,  3.16  and 
6.33.  The  first  of  these  Is  the  one  chosen 
by  Dr.  Sheldon;  but  if  we  accept  his 
expression  as  correct,  the  variations  in 
these  numbers  are  to  be  ascribed  to 
errors  in  observation,  and  their  average 
should  be  chosen  as  the  best  expression  of 
the  results  of  the  observations  on  which 
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they  are  based.  This  average  is  3.95. 
Values  of  this  order  are  to  be  found  in  the 
U.  S.  Army  X-Raj'  Manual  and  other 
pubhcations.  It  was  for  this  reason  that 
I  chose,  for  purely  iUustrative  purposes, 
the  non-committal,  round  value,  5,  in  my 
note;  it  agreed  with  no  one,  but  seemed 
to  be  of  the  proper  order  of  magnitude. 
It  is  to  be  expected  that  individual 
determinations  of  this  quantity  will  show 
very  appreciable  variations,  depending 
upon  the  peculiarities  of  the  subjects,  the 
judgment  of  the  observers,  instrumental 
errors,  variations  in  technique,  etc.  When 
observations  for  determining  the  effect 
of  the  filter  are  expressed  in  the  manner 
proposed  by  Dr.  Sheldon  in  his  original 
paper,  these  variations  are  included  in 
that  effect  and  there  is  no  way  in  which 
the}'  can  be  satisfactorily  disentangled 
from  it.  But  if  the  observations  are 
expressed  In  the  manner  I  suggested,  all 
effects  arising  from  a  fixed  error  In  the 
quantity  R  (suc'.i  as  a  lead  leakage  that 
does  not  vary  with  the  intensity  of  the 
current)  will  be  segregated  in  the  quantity 
£0;  all  effects  causing  a  fixed  percentage 
error  in  R  (such  as  one  subject  requiring  10 
per  cent  more  radiation  than  another) 
will  Introduce  the  same  per  cent  error  in 
Eo,  in  a,  and  in  b.  Thus  a  mere  inspection 


of  results  obtained  by  different  labora- 
tories, when  expressed  in  this  manner, 
enables  one  to  classify  them  as  regards 
the  natures  of  the  relative  errors  involved, 
to  pick  out  those  most  suitable  for  study, 
and  to  determine  the  true  effect  of  the 
filter.  It  was  for  this  reason,  rather  than 
for  the  purpose  of  securing  an  increased 
precision  in  the  computation  of  doses 
within  the  region  of  filtration  covered  by 
Dr.  Sheldon's  observations,  that  I  pro- 
posed a  change  in  the  formula;  but  inci- 
dentally the  change  permits  a  more 
accurate  computation  for  filters  less  than 
one  millimeter  thick. 

Ernest  Dorsey. 

Washington,  D.  C. 
June  23,  1923. 
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BiRKELO,  C.  C.     Bilateral  calcification  in  the 

Fallopian  tubes.  J.  Radiol.,  Mar.,  1923,  iv,  92. 

The  author  reports  an  unusual  case  of  a 
woman  with  a  clinical  diagnosis  of  tuberculosis 
of  the  right  kidney.  An  x-ray  study  of  the 
genitourinary  tract  was  requested.  Tliis  ex- 
amination revealed  two  small  round  shadows 
in  the  pelvis,  one  3  cm.  to  the  left  of  the  median 
line  and  the  other  4  cm.  to  the  right  of  the  me- 
dian line  and  both  7  cm.  above  the  symphysis. 
These  remained  in  the  same  position  following 
catharsis,  and  a  diagnosis  of  calculi  in  the 
lower  ureters  on  both  sides  was  made. 

An  operation  was  then  performed,  a  median 
incision  being  made.  There  were  numerous 
pelvic  adhesions  and  the  fimbriated  ends  of 
both  tubes  were  involved  so  that  the  lumen 
was  closed  in  each.  The  calculi  described  in  the 
x-ray  were  found,  one  in  each  Fallopian  tube, 
and  removed.  The  right  ureter  was  found  to 
be  about  the  size  of  an  adult's  middle  finger, 
tortuous  and  tuberculous.  The  right  kidney 
was  not  tuberculous. 

It  appears  that  all  of  the  symptoms  origi- 
nated in  the  tuberculous  right  ureter  and  that 
the  calculi  found  in  the  tube  were  not  the 
cause  of  any  pain. 

McClure,  James,  and  Claremont,  H.  Ethel- 
BERTA.  Case  of  inverted  pylorus  obstruct- 
ing a  gastrojejunostomy  aperture.  Lav.cel, 
Apr.  14,  1923,  cciv,  750. 
A  search  of  the  literature  has  failed  to  reveal 
the  report  of  any  case  similar  to  that  described 
in  this  article.  This  case  was  that  of  a  young 
woman,  aged  twenty-two.  The  post-mortem 
examination  revealed  the  following  remark- 
able condition.  The  pylorus  had  evidently  been 
divided  surgically  at  a  previous  date  and  a 
posterior  gastrojejunostomy  had  been  per- 
formed. There  was  an  interval  of  about  two 
inches  between  the  pyloric  end  of  the  stomach 
and  the  duodenum.  On  opening  the  stomach 
the  invaginated  portion  of  the  stomach  was 
seen  to  be  about  an  inch  and  a  half  in  length 
hanging  down  in  the  form  of  a  pedunculated 
polyp  into  the  gastrojcjunal  aperture  and 
almost  blocking  it.  This  case  illustrates  the 
danger  of  invaginating  too  long  a  portion  of 
gut,  thereby  forming  a  polyp;  in  this  instance 
it  caused  an  obstruction  to  the  outlet  of  the 
stomach.  It  is  possible  that  in  other  situations, 
for  example  in  a  lateral  anastomosis  after 
resection  of  intestine,  a  terminal  invaginated 
portion  might  similarly  be  a  potential  source  of 
obstruction.  Knowledge  of  the  possibility  of 
this  accident  may  assist  the  roentgenologist  in 
explaining  some  obscure  cases  of  difliculty 
after  gastroenterostomy. 


Grynfelt.  Post-traumatic  osteoporosis  of 
the  bones  of  the  extremities  (improperly 
called  atrophy  by  the  radiologists),  Archives 
D'Electricite  Medicate  el  de  Physiotberapie 
124,  Apr.,  1923. 

The  author  has  recently  reported  two 
important  studies  on  the  subject  of  the  title 
of  this  paper,  one  before  the  Society  of  Medical 
Science  of  Montpellier  and  the  other  at  the 
Academy  of  Sciences  in  192 1. 

Repeated  examinations  and  the  careful 
studies  undertaken  with  a  scientific  rigor,  of 
which  the  name  of  the  author  is  a  guarantee, 
lead  him  to  some  new  and  previously 
unreported  conclusions. 

From  this  important  work,  which  is  emi- 
nently instructive,  the  editor  of  the  Archives 
extracts  the  following,  which  to  the  radiologist 
should  be  of  special  interest: 

1.  Demineralization,  calcareous  atrophy, 
decalcification — terms  habitually  employed  to 
designate  the  particular  alteration  of  bones 
following  traumatism,  manifested  on  the 
roentgenograms  by  an  increase  of  the  trans- 
parency of  the  bone,  and  diminution  of  the 
clearness  of  the  images  furnished  by  the  bony 
trabeculae,  are  such  improper  terms  that  we 
should  reform  immediately  in  our  use  of  them 
in  the  light  of  the  facts  set  forth  by  the  author. 

2.  Osseous  atrophy  of  the  skeleton  appear- 
ing suddenly  near  or  at  a  distance  from  the 
initial  lesion  (more  often  a  more  or  less  infected 
fracture)  is  not  calcareous  atrophy.  The 
clinical,  radiological  and  histological  studies 
of  the  author  prove  this  clearly. 

3.  In  cases  of  bone  atrophy  the  amount  of 
fundamental  mineral  salts  is  equal  to  the 
percentage  found  in  normal  bones. 

Kjaergaard,  S.  Operative  versus  radiologi- 
cal treatment  of  fibroids.  Acta  Gynecologica 
Scandinavica  1:  191,  1922. 
This  is  an  interesting  discussion  of  the  pros 
and  cons  concerning  the  operative  or  radi- 
ological treatment  of  fibroids.  The  basis  of 
the  .v-ray  treatment  is  undoubtedly  the  risk 
of  the  operation  and  above  all  the  danger  ol 
death  from  it.  In  this  particular  case  the  term 
radiological  refers  to  the  x-ray  treatment 
alone.  The  applications  were  always  made  in 
several  series  with  about  three  weeks  of 
interval,  in  the  majority  of  cases  the  treat- 
ments varying  from  four  to  six  weeks.  The 
treatment  was  applied  to  large  areas,  two 
abdominal  ones  in  the  case  of  the  smaller 
growths  and  four  in  the  case  of  the  larger. 
In  a  number  of  instances  sacral  areas  were 
also  employed.  Amenorrhea  has  usually  made 
its  appearance  after  the  second  or  third  appli- 
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cation,  occasionally  before  and  sometimes 
later.  Alter  amenorrhea  was  observed  two  or 
three  further  applications  were  given,  partly 
to  insure  that  the  amenorrhea  was  permanent 
and  partly  to  act  further  upon  the  fibroids. 

Of  84  cases  treated  with  radiation  7  are 
especially  mentioned  by  the  author.  Of  these 
the  reviewer  will  refer  to  one  where  the  treat- 
ment was  employed  temporarily  as  a  prepara- 
tion for  operation,  the  hemoglobin  increasing 
from  30  to  70  during  two  months,  after  which 
total  hysterectomy  was  performed,  the  tumor 
being  no  less  in  size. 

Another  interesting  case  was  a  woman  of 
forty-six  who  for  a  year  and  a  half  had  suffered 
from  menorrhagia  attended  by  pain.  She  was 
found  to  have  a  uterine  tumor  the  size  of  a 
c'liild's  head.  There  was  nothing  to  suggest  a 
malignant  growth.  Under  .\-ray  treatment 
amenorrhea  was  established  and  the  tumor 
decreased  to  the  size  of  an  orange.  Seven 
months  later  she  submitted  to  operation 
which  revealed  a  capsulated  mixed-cell  sarcoma 
of  which  she  died  a  year  later  with  metastases. 

The  author  summarizes  the  value  of  .v-ray 
treatment  in  fibroids  as  follows: 

In  a  very  large  proportion  of  suitably  chosen 
cases  the  hemorrhage  can  be  controlled  (statis- 
tics show  90  per  cent  and  more,  even  close  up 
to  TOO  per  cent).  A  shrinkage  effect  on  the 
tumor  is  less  certain,  and  this  applies  particu- 
larly to  certain  types  (subserous,  intraliga- 
mentory,  cervical  fibroids).  With  .\-ray  treat- 
ment one  runs  the  risk  of  an  unfortunate  mistake 
in  diagnosis  and  tliis  treatment  may  sometimes 
be  a  source  of  immediate  danger. 

It  will  thus  be  perfectly  evident  that  it  is  of 
great  importance  to  choose  correctly  between 
operation  and  .\-ray  treatment. 

INDICATIONS 

There  are  some  types  of  cases  in  which  the 
.v-ray  treatment  is  out  of  the  question,  such 
as  infected  and  necrotic,  twisted  and  incar- 
cerated fibroids;  also  fibroids  requiring  treat- 
ment during  pregnancy  and  those  wliich  give 
rise  to  intraperitoneal  bleeding.  In  the  case  of 
fibroid  polypi  wliich  can  be  shown  to  be 
situated  in  the  vagina  or  at  the  os  uteri,  it  is 
agreed  that  operation  is  the  best  treatment. 

A'-ray  treatment  should  be  as  far  as  possible 
avoided  in  complicating  infections  of  the 
appendages,  as  there  is  a  risk  of  a  dangerous 
exacerbation.  A  careful  exploration  of  the 
appendages  is  often  rendered  difficult  when 
fibroids  are  present,  especially  in  the  case  of 
the  larger  ones.  A  favorable  history  as  regards 
infections  of  the  appendages  is  therefore 
particularly  desirable. 

On    the    other    hand,     the    non-infectious 


salpingo-oophoritis  so  frequently  found  in 
association  with  fibroids,  hydrosalpinx,  etc.,  is 
not  a  contraindication  of  .v-ray  treatment.  In 
summing  up  the  complications  in  operation 
cases  which  are  unsuited  for  x-ray  treatment 
this  is  often  included,  but  experience  shows  it 
to  be  unjustified. 

If  there  is  another  lesion  in  addition  to 
fibroids  which  demands  operation,  particularly 
ovarian  tumors,  it  will  be  wisest  in  most  cases 
to  remove  the  fibroids  at  the  same  time. 

A  very  important  contraindication  against 
.v-ray  treatment  is  the  presence  of  malignant 
ovarian  tumors,  and  sarcoma  and  carcinoma 
of  the  uterus.  Such  complications  are  not  very 
rare  in  patients  with  fibroids  (Freund  6.2 
per  cent,  Klein  ~.-^  per  cent,  Machenrodt  7.7 
per  cent). 

The  author  concludes  by  expressing  his  well- 
founded  impression  that  indications  such  as 
those  he  has  advanced  will  determine  that  the 
majority  of  patients  ought  to  be  operated  on, 
and  the  minority — 30  to  40  per  cent — ought 
to  be  treated  with  .v-rays. 

Beuttner,  O.  Radium  treatment  of  uterine 
cancer.  Schweiz.  med.  Wchnschr.,  Feb.  i, 
1923,  liii,  105. 

During  the  last  eight  years  the  author  has 
treated  63  cases  of  cervical  carcinoma  with 
radium.  On  the  basis  of  this  series  he  believes 
that  the  result  of  radium  treatment  depends 
less  on  the  type  of  carcinoma  as  determined 
with  the  microscope  or  the  exact  dosage  than 
on  the  age  and  general  condition  of  the  patient. 
The  older  the  patient  the  better  the  results. 
The  prognosis  of  carcinoma  in  women  com- 
paratively young  has  improved  through 
radium  treatment.  The  author  has  been 
much  interested  in  Kotzareff's  experiments  on 
fixation  of  the  emanation  in  embryonic  and 
malignant  cells,  and  hence  has  employed 
radioactive  bodies  given  intravenously.  On 
the  basis  of  his  experience  the  author  believes 
that  even  if  it  is  still  an  open  question  as  to 
whether  operable  carcinomas  should  be 
removed  surgically  or  treated  by  radiation, 
nevertheless,  better  results  in  inoperable  cases 
are  attained  by  irradiation  than  with  the  older 
palliative  methods. 

Besser,  Herman.     Actinomycosis  of  the  lungs 

simulating  tuberculosis.   N.    York  Med.  J. 

c-  Med.  Rec,  May  16,  1923,  p.  623. 

The  clinical  and  physical  signs  of  pulmonary 

actinomycosis   cannot  be   differentiated   from 

tuberculosis.  The  disease  begins  with  a  gradual 

onset.    A    cough    develops,    accompanied    by 

expectoration   of  a   yellowish,  white  sputum. 

There  is  an  afternoon  rise  of  temperature  and 

night  sweats  soon  follow.  There  is  progressive 
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loss  of  weight,  accompanied  Idv  malaise  and 
debility. 

Pulmonary  actinomycosis  differs  from  tuber- 
culosis in  its  morbid  anatomy  in  that  the 
disease  spreads  by  continuity.  In  the  early 
period  of  infection  the  disease  manifests 
itself  in  the  formation  of  small  miliary  tubercles 
which  later  coalesce  and  form  large  masses. 
They  take  on  the  appearance  of  a  malignant 
growth  of  the  lungs,  and  unlike  tuberculosis, 
ignore  anatomical  boundaries.  The  infection 
spreads  to  the  pleural  sacs,  causing  an  adhesion 
between  both  sacs  and  finally  rupturing 
through  the  intercostal  spaces  and  involving 
the  rib  structure.  Necrosis  of  the  rib  develops 
and  resembles  a  caries  of  the  bone. 

The  history  must  be  taken  into  account 
when  interpreting  the  roentgen  findings.  The 
author  cites  a  case  in  which  the  clinical  and 
physical  findings  pointed  to  a  frank,  active 
tuberculosis,  but  the  marked  involvement  of 
the  lungs  and  the  suppurative  process  of  the 
ribs,  as  shown  by  the  x-ray,  pointed  to  actino- 
mycosis. This  diagnosis  was  substantiated 
later  by  the  appearance]  of  abscesses  on  the 
chest  and  back.j^j 

Pryor,  J.  H.  Immobility  of  the  diaphragm, 
with  report  of  cases  of  bilateral  immobility. 
N.  York  Med.  J.  &•  Med.  Rec,  cxviii,  1923,  75. 

The  author  has  dealt  with  145  cases  in  which 
there  had  been  a  pleurisy  with  effusion  or 
empyema.  The  cases  were  classified  as  follows: 
(i)  empyema  in  the  child,  (2)  empyema  in 
the  adult,  (3)  pleurisy  with  effusion,  (4) 
pleurisy  with  effusion  and  clinical  pulmonary 
pneumonia,  and  (5)  pneumothorax  and 
effusion. 

In  approximately  16  per  cent  of  cases  it  was 
found  that  the  diaphragm  remained  unim- 
paired; another  16  per  cent  exhibited  restricted 
motion  on  comparison  of  the  two  sides;  and  in 
66  per  cent  of  the  cases  there  was  complete 
immobility  of  the  diaphragm  on  one  side. 

Fixation  of  the  diaphragm  was  more  com- 
monly a  sequela  of  empyema  in  the  adult  than 
in  the  child.  Empyema  is  therefore  a  far  more 
serious  condition  in  the  adult.  Of  50  cases 
observed,  only  8  showed  no  immobility  or 
injury  to  the  diaphragm. 

Of  the  6  instances  of  bilateral  immobility, 
all  were  cases  of  chronic  tuberculosis;  all  the 
patients  had  had  pleurisy.  Shortness  of  breath 
was  a  prominent  symptom.  On  roentgen 
examination  there  was  observed  flattening  of 
the  dome  of  the  diaphragm  so  that  the  peri- 
cardial attachment  formed  the  angle  of  an 
inverted  V.  The  heart  shadow  was  long  and 
narrow,  its  original  shape  being  entirely  lost. 
All  these  patients  became  steadily  weaker  and 


died  in  a  short  time,  only  one  living  for  two 
years. 

QuiNBY,     W.     C.     Perirenal     insufflation     of 
oxygen.  J.  Urol.,  1923,  iv,  13. 

Not  all  authors  agree  on  the  value  of  the 
method  of  perirenal  insufflation  of  oxj^gen  as 
described  by  Carelli.  Several  critical  reports 
have  been  published,  and  the  author  states 
that  the  procedure  does  not  give  the  plates 
any  greater  value  than  stereoscopic  roentgeno- 
grams made  by  the  aid  of  the  Bucky 
diaphragm.  As  to  dangers,  if  the  operator  has 
ordinary  judgment  and  anatomical  preparation 
he  will  not  run  the  risk  of  mediastinal  emphy- 
sema or  penetration  of  the  bowel.  Quinby 
describes  his  apparatus  and  his  technique  of 
injection,  which  is  quite  similar  to  that  alreadj' 
published  by  Carelli.  One  new  point  by  Quinby 
is  liis  advice  to  inject  the  kidney  pelvis  and 
to  make  an  .ic-ray  exposure  from  twelve  to 
fourteen_ hours  after  the  gas  insufflation. 

The  principal  contraindication  to  such 
perirenal  insufflation  is  the  existence  of  dense 
adhesions  about  the  kidney  such  as  follow  an 
operation,  j 

Austrian,  ^  Charles     R.,      and     Baetjer, 
Frederick   H.     Some   unappreciated  find- 
ings in  the  lungs  of  normal  children.  Am.  J. 
M.  Sc,  June,  1923,  clxv,  831.    , 
The  authors  found  in  the  study  of  normal 
children     that     variations     from     the    usual 
accepted  findings  in  health  were  often  present, 
and  it  is  their  purpose  to  emphasize  the  need 
of  evaluating  such   findings   as   physiological 
and  not  as  evidence  of  disease.  The  study  was 
based  on  some  200  apparentlj'  normal  children 
between  the  ages  of  six  and  ten. 

As  a  part  of  the  report  of  a  research  com- 
mittee for  the  National  Tuberculosis  Associa- 
tion, particularly  interesting  to  the  roent- 
genologist is  the  statement  that  inasmuch  as 
shadows  noted  in  roentgenograms  of  the  chest 
of  healthy  children  are  dependent  often  upon 
alterations  that  persist  as  the  residua  of  past 
infections  of  the  respiratory  tract,  it  is  obvious 
that  a  careful  anamnesis  with  special  reference 
to  all  infections  is  necessarj'  if  diagnostic 
errors  are  to  be  avoided.  Even  a  history  care- 
fully taken  is  often  unreliable,  as  minimal 
infections  are  soon  forgotten  by  many  and 
among  the  unintelligent  classes  even  more 
significant  indispositions  are  not  readily 
recalled.  With  a  proper  appreciation  of  the 
widest  variations  that  the  normal  may  present 
from  the  ideal,  the  informed  clinician  is 
better  able  correctly  to  understand  the  findings 
of  the  roentgenologist,  and  each,  cooperating, 
with  the  other,  is  less  liable  to  error. 
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RADIUM  TREATMENT  OF  TOXIC  GOITER  WITH 
METABOLIC  DEDUCTIONS* 

BY    R.    E.    LOUCKS,    M.D.,    CM. 

DETROIT,    MICHIGAN 


IN  order  that  the  true  significance  of  a 
pathological  condition  or  dysfunction  of 
the  thyroid  gland  may  be  understood, 
it  is  absolutely  necessary  that  the  ana- 
tomic relation  with  physiologic  function 
and  normal  metabolism  should  be  known, 
with  a  comprehensive  understanding  of 
its  relation  to  the  other  endocrine  glands. 

Anatomically  the  gland  consists  of  two 
lobes  connected  across  the  second  and 
third  ring  of  the  trachea  by  an  isthmus. 
The  posterior  surface  is  in  contact  with 
the  thyroid  and  cricoid  cartilages,  the 
inferior  laryngeal  nerve,  the  inferior 
constrictor  of  the  pharynx  and  the  lateral 
borders  of  the  trachea  and  esophagus. 
The  outer  surface  is  covered  with  the 
superficial  muscles  of  the  neck  and  the 
external  jugular  vein.  The  outer  border 
of  each  lateral  lobe  is  in  close  proximity  to 
the  carotid  sheath  containing  the  common 
carotid  artery,  the  internal  jugular  vein 
and  the  pneuniogastric  nerve.  The  sig- 
nificance of  this  relation  is  apparent  when 
dealing  with  any  one  of  the  enlargements 
of  the  gland. 

The  physiological  function  appears  to 
control  the  iodin  and  calcium  balance 
and  spht  up  iodin  products  into  thyroxin 
(Kendall)  which  acts  as  a  hormone  stabil- 
izer to  the  whole  endocrine  chain.  The 
one  or  the  many  hormones  have  specific 
function  in  cerebration  of  the  brain  cells, 
increasing  the  activity  of  nerve  trans- 
mission   and    regulating   the    heat   mech- 
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anism;  in  fact,  they  are  the  main  acti- 
vators of  metabolism. 

Normal  metabolism  signifies  a  harmony 
in  all  the  functions  of  the  living  body  that 
go  to  make  up  a  "well  being.''  A  physio- 
logical activation  is  not  by  any  means  a 
pathological  hyperactivity. 

The  question  arises:  When  is  a  hyper- 
active thyroid  a  pathological  disease? 
The  answer:  When  symptoms  of  toxicity 
are  manifest,  either  objectively,  subjec- 
tively, or  by  laboratory  calculations. 

Suffice  to  note  that  a  toxic  goiter  may  be: 

1.  A  primary  exophthalmic, 

2.  A  toxic  adenoma, 

3.  A  toxic  adenoma  with  exophthalmos. 
I.  The  objective  symptoms  are  manifest 

in  the  exophthalmic  type  by  (a)  the  promi- 
nence of  the  eyeballs,  giving  a  staring 
expression  and  a  facies  of  mental  alertness, 
ib)  a  lagging  of  the  upper  hd  in  looking 
down  so  that  it  apparently  covers  more 
than  its  half  of  the  eyeball  when  closed. 
At  times  the  lids  cannot  cover  the  ball 
completely  but  leave  a  slit  allowing  the 
conjunctiva  and  cornea  to  become  injected 
from  exposure,  lack  of  palpebral  lachryma- 
tion  and  massage.  A  strip  of  white  sclera 
shows  between  the  cornea  and  lower  lid 
when  the  eye  is  open,  (c)  There  may  also 
be  winking,  tardiness  of  external  ocular 
muscles  and  decreased  lacrymation.  (d) 
At  times  a  red  tremulous  tongue  is  found 
and  also  teeth  notched  on  the  lateral 
borders. 

RiCAN  Radu-m  Society,  San  Francisco,  Calif..  June  25-26,  1923. 
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The  primary  exophthalmic  type  may 
not  show  any  noticeable  change  either 
in  size  or  figure  of  the  gland,  while  the 
adenomatous  type  presents  variations  in 
size,  from  the  large  prominent  uneven 
mass  to  small  lobulated  cystic  out-crop- 
pings  on  the  lobes  or  isthmus. 

Pulsations  of  the  thyroid  arteries  are 
common  and  a  bruit  may  at  times  be 
heard  over  either  lobe.  The  radial  pulse 
varies  from  90  to  160  and  often  registers 
much  less  than  the  apex  beat,  as  each 
wave  does  not  have  time  to  be  carried 
independently. 

The  heart  may  be  enlarged  in  all 
diameters  and  if  the  case  is  of  long  stand- 
ing there  is  evidence  of  myocardial  degen- 
eration, as  elicited  by  the  degree  of  fibrilla- 
tion and  the  character  of  the  murmurs 
present.  The  precordial  impact  may  be 
diffuse,  and  have  enough  force  to  cause  a 
heaving  of  the  chest  wall  with  each  con- 
traction of  the  heart.  Pulsation  of  the 
superficial  arteries  of  the  fingers  and  toes 
is  common. 

The  systolic  blood-pressure  in  primary 
exophthalmic  cases  is  at  first  raised,  but 
gradually  returns  to  normal  or  goes 
below  normal  after  the  first  crisis.  Should 
a  spontaneous  cure  succeed,  it  remains 
low;  but  should  a  second  crisis  occur 
it  again  rises  and  remains  high  until  the 
termination  of  life,  unless  treatment  con- 
trols the  toxicity.  The  diastolic  blood- 
pressure  is  usually  low,  giving  a  much 
increased  pulse  pressure. 

Trophic  symptoms  occur  as  a  brownish 
yellow  pigmentation  of  the  skin,  thinning  of 
the  hair  and  longitudinal  striae  of  the  nails. 

Mental  disturbances  are  common  in 
the  late  or  very  active  cases  and  vary  from 
a  state  of  constant  fear  and  apprehension 
to  that  of  a  decided  psychosis. 

2.  Subjectively,  the  individual  complains 
of  nervousness,  general  weakness,  pal- 
pitation, insomnia,  pulsation  in  the  ears 
when  lying  down,  sweating  of  the  hands 
and  feet  and,  at  times,  general  hypcridrosis. 
Frequently  digestive  disturbances  occur, 
such  as  nausea,  loss  of  appetite  and  diarrhea ; 
menstrual  irregularities  in  females;  pain 
and  pressure  in  the  neck  with  a  sensation 
of  cnoking,  or  an  irritable  cough,  and 
general  feeling  of  "fag." 


3.  Laboratory  calculations  are  most 
conclusive  in  the  toxic  state.  Du  Bois 
has  standardized  basal  metabolism  in 
the  normal  individual  and  Plummer  has 
proven  by  extensive  studies  that  thyroxin 
in  excess  raises  the  metabolic  rate. 
Therefore,  a  sufficiently  high  metabolism 
is  pathognomonic  of  thyroid  hyperactivity 
and  is  one  of  its  most  important  diagnostic 
features. 

With  hyperactivity  of  the  thyroid, 
there  is  marked  increase  in  cellular  activity 
and  carbon  dioxid  output,  with  a  speedy 
demand  for  larger  oxygen  consumption. 
To  determine  the  metabolic  rate  it  is 
necessary  only  to  measure  the  amount 
of  oxygen  consumed  for  a  given  period  of 
time,  and  make  calculations  in  calories  per 
hour,  by  comparing  the  intake  to  certain 
physiological  standards  for  body  surface, 
temperature  and  barometric  pressure. 

Urinalysis  reveals  kidney  changes  in 
direct  relation  to  cardiovascular  degenera- 
tion and  digestive  disturbance.  Scanty, 
high-colored  urine  signifies  concentration 
due  to  evaporation  and  skin  elimination. 
Albumen  and  casts  are  indicative  of 
kidney  dysfunction  and  contraction.  The 
presence  of  sugar  indicates  diminished 
carbohydrate  toleration. 

The  blood  picture  may  reveal  a 
decreased  number  of  erythrocytes  with 
lessened  hemoglobin  content  or  an  increase 
in  leucocytes  with  a  larger  percentage  of 
lymphocytes  and  eosinophiles. 

Blood  chemistry  shows  an  increase  in 
blood  sugar  only,  which  is  provided  by 
the  thyroid  for  an  increased  heat  produc- 
tion. If  the  blood  sugar  rises  slowly 
there  is  a  compensatory  function  of 
the  kidney  that  holds  the  balance,  and 
there  is  no  glycosuria.  Should  this  toler- 
ance be  broken  by  increased  carbohydrate 
ingestion,  the  kidney  excretes  sugar. 

An  editorial  in  The  Journal  of  the 
American  Medical  Association  for  April 
14,  1923  (page  iO"i)  after  discussing 
the  roentgen  rays  and  surgery  in  the  treat- 
ment of  exophthalmic  goiter,  says:  "In 
the  light  of  the  present-day  evidence,  the 
choice  of  therapeutic  procedure  presents, 
indeed,  a  dillicult  perplexity." 

We  are  positive  that  no  one  treatment 
will  control  all  cases  of  toxic  goiter,  but 
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that  after  defining  and  correlating  the 
symptoms  and  classifying  the  case  patho- 
logically, the  indications  for  treatment 
should  be  manifest. 

Furthermore,  special  consideration  must 
be  given  to  the  associate  or  subsidiary 
symptoms  before  and  after  treatment. 
It  is  generally  agreed  that  rest  and  quiet 
are  helpful  factors.  An  ice  bag  may  be 
applied  to  the  gland  and  precordium. 
Plenty  of  easily  digested  food,  tepid  baths 
and  alkaline  drinks  are  equally  important. 
Digitalis  as  a  therapeutic  sphnt  to  an 
irregular,  rapidly  beating,  dilated  and 
decompensated  heart,  will  sometimes  tide 
over   a   catastrophe.     Blood  transfusion  is 


Lenienc}^  must  be  used  in  the  criticism 
of  scientific  men  who,  ignoring  radium 
entirely,  assert  that  all  treatments  have 
tailed  except  surgery.  It  must  be  remem- 
bered that  prejudice  and  inexperience 
will  warp  the  soul  of  the  most  sublime. 

Radium  therapy  for  toxic  goiter  as 
standardized  and  given  to  this  Society  by 
the  author  two  years  ago,  at  the  Boston 
meeting,  merits  your  serious  interest. 
After  seven  years  of  experience  with  the 
element,  the  last  three  under  the  most 
exacting  scrutiny  by  means  of  laboratory 
methods  and  clinical  findings,  I  conclude 
that  toxic  goiter  can  be  cured  by  radium 
and     that    it    is    not    a    surgical    disease. 
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Case  806.  August,  1922.  Comparison  of  B.P.,  B.M.R., 
pulse  range  and  weight  in  months  after  radium 
treatment. 

indicated  in  a  low  cell  count,  30  per  cent 
or  lower  hemoglobin  and  general  edema, 
and  more  especially  when  the  toxemia 
has  been  profound  enough  to  produce  a 
severe  psychosis.  Bromides  and  ergot  have 
their  place  in  assisting  In  the  control  of 
certain  symptoms. 

It  was  through  the  efforts  of  the  surgeon 
that  we  began  to  realize  the  importance 
of  the  present  conception  of  the  disease. 
For  this  reason,  therefore,  surgical  findings 
in  toxic  goiter  should  be  held  in  the  highest 
regard. 

Without  consideration  of  the  surgical 
mortality  in  the  most  skilled  clinics,  we 
must  consider  this  great  danger  In  other 
centers;  also  the  fear,  apprehension,  hos- 
pitaHzatlon  and  financial  cost  to  the  indi- 
vidual, not  forgetting  the  possible  return 
of  all  symptoms. 


Case  603B.  January,  1921.  Comparison  of  B.P., 
B.M.R.,  pulse  range  and  weight  in  months  after 
radium     treatment.' 

Of  the  180  cases  I  have  treated,  only 
10  were  subjected  to  a  second  radiation. 
Four  of  these  had  large  cystic  adenomata 
and  the  toxic  activity  was  not  completely 
controlled  after  the  first  treatment.  The 
other  6  were  given  the  second  treatment 
with  the  hope  of  further  reducing  the 
enlarged  gland.  Three  cases,  in  a  state 
of  extremus  from  myocardial  degeneration 
with  general  edema,  died.  One  insane 
patient  died  from  starvation  before  the 
treatment  had  time  to  benefit  the 
toxemia. 

Improvement  is  noted  within  the  first 
ten  clays  after  treatment,  but  about  the 
third  week  all  the  old  symptoms  may 
return,  due  to  the  radium  reaction.  This 
active  stage  varies  in  different  individuals. 
Some  express  disappointment  In  not  feeling 


//' 
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bad,  while  others  are  nauseated  for  a 
few  days. 

Within  four  weeks  the  nervous  tremor 
has  commenced  to  subside,  the  appetite 
has  improved  and  the  heart  has  slowed 
down  twenty  or  thirty  beats.  After  two 
months  all  the  symptoms  are  much  better 
and  most  individuals  gain  a  few  pounds 
in  weight.  The  improvement  is  gradual, 
as  shown  by  the  cases  reported  when 
the  metabolic  rate  has  been  taken  every 
three  months  after  treatment. 

Some  cases  are  free  from  all  symptoms 
after  six  months,  while  others  with  large 
adenomata  of  long  standing  and  with 
extensive  mvocardial  change  take  twelve 


these  young  women  they  run  an  active 
and  rapid  course,  so  that  the  symptoms 
are  grave  in  a  very  few  months.  Sixteen 
of  these  cases  have  been  treated,  and  lo 
have  had  second  and  third  pregnancies 
since  treatment  without  any  evidence  of 
thyroid  toxemia.  Two  showed  activity 
at  the  beginning  of  lactation  but  were 
controlled  by  means  of  the  ice  bag. 

Two  of  our  cases  had  two  operations 
each  and  8  had  one  each  for  thyroidectomy. 
Four  others  had  ligation  of  the  thyroid 
arteries  on  one  side  and  2  had  both  superior 
thyroid  arteries  tied  off.  They  had  all 
been  benefited  for  a  period  of  six  months 
to  two  years,   but  the  remaining  portion 


Case  720.  October,  1921.  Comparison  of  B.P.,  B.M.R., 
pulse  range  and  weight  in  months  after  radium 
treatment. 

to  eighteen  months  to  show  a  normal 
metabolic  rate  with  a  normal  heart  action. 

The  enlarged  gland  gradually  decreases 
in  size  in  direct  relation  to  the  amount 
of  cystic  formation  present.  All  hyper- 
trophy or  hyperplasia  is  reduced  to  normal 
while  the  cystic  type  is  reduced  about  one- 
half  in  size.  The  exophthalmus  in  many 
of  my  cases  has  been  controlled  after  three 
years.  Howc\cr,  all  do  not  respond  so 
favorably. 

There  has  been  no  c\  idence  of  myxedema 
in  any  of  the  cases  treated.  Metabolic 
readings  have  been  made  over  a  period 
of  two  and  a  half  years  and  all  have 
remained  normal. 

Many  toxic  adenoma  cases  give  a 
history  of  pregnancy,  childbirth  or  mis- 
carriage  initiating   the    toxic  activity.    In 
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Case  604.  February,  192 1.  Comparison  of  B.P., 
B.M.R.,  pulse  range  and  weight  in  months  after 
radium  treatment. 

of  the  gland  had  hypertrophied  and  soon 
became  active.  On  account  of  parathy- 
roid glands,  discretion  in  the  technique  of 
treatment  of  postoperative  cases  must  be 
used. 

None  of  my  cases  have  shown  any 
symptoms  of  parathyroid  dysfunction  after 
treatment. 

For  the  last  two  years  all  cases  with 
infected  tonsils  associated  with  a  toxic 
thyroid  have  received  treatment  o\er  the 
tonsil  area  conjointly  with  that  of  the 
thyroid  gland.  One  case  had  a  gall-bladder 
drainage  and  two  had  operations  for 
chronic  appendix  six  months  after  the 
thyroid  treatment. 

Abdominal  support  is  given  all  cases 
that  show  \isceroptosIs  by  roentgenog- 
raphy.    It    has    been    shown    experlmen- 
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tally  that  stimulation  of  the  cervical 
sympathetic  nerves  in  animals  produces 
exophthahiiic  goiter,  and  that  thyroid 
secretions  lower  the  threshold  to  sympathet- 
ic stimulation,  so  that  a  vicious  circle 
is  established. 

It  is  a  question  whether  radium  therapy 
breaks  the  vicious  circle  by  diminished 
gland  secretion,  thus  restoring  the  balance 
by  some  specific  effect  of  the  ravs  on  thy- 
roxin itself,  or  whether  radium  acts 
mechanically  by  blocking  the  blood  supply. 

The  rapid  control  of  the  toxic  symptoms 
after  treatment  would  support  the  hy- 
pothesis of  a  changeinthecharacter  of  the 
secretion.    Diminished    secretion    due    to 
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Case  741.  Januarj-,  1921.  Comparison  of  B.P.,  B.M.R., 
pulse  range  and  weight  in  months  after  radium 
treatment. 

cellular  change  would  come  later,  while 
thrombosis  of  the  smaller  arterioles  and 
capillaries  would  come  last  of  all. 

Corroboration  of  the  objective  and 
subjective  symptoms  by  laboratory  stand- 
ards will  verify  the  findings  and  establish 
the  diagnosis.  The  basal  metabolic  rate  in 
thyroid  toxicity  proves  more  than  clinical 
findings,  as  it  registers  the  degree  of  sever- 
ity as  shown  by  the  variation  in  records. 
A  -I-60  case  indicates  greater  activity, 
toxicity  and  severity  than  one  of  +20. 
This  known  difference  in  rate  is  a  helpful 
factor  in  the  prognosis  of  the  case. 

I  wish  to  present  here  the  comprehen- 
sive and  forceful  opinion  of  C.  F.  Mc- 
Clintic,  M.D.,  Professor  of  Anatomy, 
Detroit  College  of  Medicine,  explaining 
many    of    the    anatomical    changes    and 


physiological   dystrophies   of   the   thyroid 
toxemia. 

SIGNS  AND  SYMPTOMS  IN  EXOPHTHALMIC  GOITER 

It  certainly  must  be  more  than  a  mere  coin- 
cidence that  the  signs  in  exophthalmos  so 
closely  approximate  the  phenomena  which 
result  from  the  experimental  stimulation  of 
the  inferior  sympathetic  cer\'ical  ganglia. 
These  signs  have  been  produced  in  dogs  and 
have  also  been  observed  singly  or  in  combina- 
tion in  man  when  these  ganglia  %\  ere  stimulated 
or  irritated. 

Let  us  notice,  therefore,  the  anatomical  and 
physiological  mechanisms  associated  with  these 
ganglia  and  their  accompanying  phenomena. 

I.  There  is  a  sheet  of  involuntary  muscle  in 
the  upper  lid  which  is  supplied  by  filaments 
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Case  611.  February,  1921.  Comparison  of  B.P., 
B.M.R.,  pulse  range  and  weight  in  months  after 
radium  treatment. 

from  the  cervical  ganglia.  When  this  muscle 
(Mueller's)  is  stimulated  to  contraction  the 
upper  lid  becomes  narrowed,  the  lid  rises  above 
the  upper  margin  of  the  cornea  and  exposes 
the  wlaite  sclera  and  results  in  a  widening  of 
the  palpebral  fissure.  This  accounts  for  the 
signs  of  Graefe  and  Stellwag. 

2.  Stretched  across  the  sphenoidal  fissure 
in  the  apex  of  the  orbital  cavity  is  a  sheet  of 
involuntary  muscle,  the  orbicularis  muscle, 
which  is  supplied  by  sympathetic  nerves 
from  the  above  ganglia.  \\'hen  this  muscle 
contracts  it  pushes  forward  the  contents  of 
Tenon's  capsule  and  thereby  causes  protrusion 
of  the  eyeball,  or  exophthalmos. 

3.  In  the  orbicularis  oculi  and  musculature  of 
the  forehead  are  strands  of  involuntary  rnuscle 
which,  when  stimulated,  prevent  wrinkling  of 
the  skin  of  the  forehead.  This  musculature 
is  supplied  by  the  sympathetic  ganglia^  of  the 
neck.  This  mechanism  explains  Joffroy's  sign. 
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4.  (a)  From  these  ganglia  arise  the  accelera- 
tor nerves  to  the  heart;  their  stimulation 
therefore  increases  the  force  and  rate  of  the 
heart  tachycardia,  and  thus  raises  the  blood- 
pressure. 

(6)  The  disturbance  of  the  heart  and  vaso- 
motor centers  assists  in  explaining  the  gastro- 
intestinal and  toxic  symptoms. 

5.  The  sympathetic  nerve  when  stimulated 
increases  the  capacity  of  the  respiratory  tree, 
and  the  chest  remains  full  (therefore  expansion 
is  more  limited).  This  increase  iri  lung  capacity 
with  the  circulatory  changes  will  explain  the 
findings  in  basal  metabolism. 

6.  The  vasomotor  nerves  to  the  head,  face, 
neck  and  upper  limbs  arise  from  these  ganglia 
and  thereby  account  for  sweating  and 
other    vasomotor    phenomena.    It    has    been 
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nection  that  filaments  of  the  sympathetic 
encircle  the  inferior  thyroid  artery.  When,  for 
any  reason,  the  diameter  of  the  artery  becomes 
increased  it  tugs  upon  the  nerve  and  thereby 
irritates  the  ganglion,  the  irritation  stimulates 
the  ganglion,  it  in  turn  stimulates  the  heart 
to  force  more  blood  through  the  artery,  this 
again  increases  the  tugging  on  the  ganglion, 
etc.,  thus  initiating  a  vicious  circle  which  can 
produce  all  the  signs  of  the  condition.  May  this 
not  account  for  Osier's  cases  which  occurred 
from  fright  and  soon  passed  off? 

10.  Changes  in  the  gland  may  occur  as  a 
result  of  the  disturbance  of  its  nutritional 
mechanism.  The  disturbances  or  irritation  of 
the  ganglia  may  result  from  (a)  pressure  due 
to  enlargement  of  the  thyroid  gland,  (6) 
increase  in  the  diameter  of  the  inferior  thyroid 


Case  833.  October,  1922.  Comparison  of  B.P.,  B.M.R., 
pulse  range  and  weight  in  months  after  radium 
treatment. 

demonstrated  experimentally,  that  these  areas 
are  intimately  connected  with  those  of  the 
lower  extremity. 

7.  The  tremor  and  rhythm  are  the  same  as 
those  for  smooth  muscle.  Langley  has  shown 
that  all  voluntary  muscle  is  supplied  by  the 
sympathetic.  This  will  explain  how  the  irrita- 
tion of  these  ganglia  will  account  for  the  tremor. 
It  also  explains  the  sign  of  Moebius. 

8.  The  bruit  associated  with  exophthalmos 
and  enlarged  thvroid  is  accounted  for  by  the 
relations  of  the  gland  to  the  common  carotid 
artery.  The  enlarged  gland  presses  upon  and 
constricts  the  lumen  of  the  vessel.  The  blood 
rushing  through  the  narrowed  lumen  into  the 
larger  portion  produces  the  bruit. 

9.  The  pulsation  of  the  gland  may  be  due 
to  increase  in  the  flow  of  blood  through  the 
inferior  thyroid  arteries  since  the  gland  acts 
as  a  shunt  to  prevent  too  much  blood  reaching 
the  brain.  It  is  interesting  to  note  in  this  con- 
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Case  687.  July,  1921.  Comparison  of  B.P.,  B.M.R.. 
pulse  range  and  weight  in  months  after  radium 
treatment. 

artery,  (c)  from  infections  in  the  neck  or 
pharyngeal  regions,  {d)  due  to  toxins  showing 
affinity  for  the  thyroid  circulation.  (Wm.  J. 
Mayo  has  called  attention  to  the  specificity 
of  certain  circulatory  areas  for  certain  strains 
of  bacteria.)  (e)  General  disturbances  of  the 
sympathetic  nervous  system  from  toxins, 
faulty  diet,  emotional  states,  etc. 

1 1.  Fitting  in  with  these  facts  is  the  adrena- 
lin test  for  exophthalmic  goiter.  It  is  to  be 
expected  that  the  administration  of  adrenalin 
will  aggravate  all  of  the  abov^mentioned 
phenomena. 


The  writer  merely  [mentions  these 
facts  as  a  possible  e.xplanation  ior  the 
signs  in  exophthalmic  goiter  based  on  the 
functional  mechanism  associated  with  the 
cervical  sympathetic  ganglia. 
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RADIUM    TREATMENT 

At  least  IOC  mgm.  of  element  are 
used  (more  often  I  use  130)  in  four  tubes, 
each  tube  being  screened  in  one  mm.  of 
brass  and  i  mm.  of  gum  rubber.  To  obtain 
distance,  the  screened  tubes  are  placed  i 
cm.  apart  on  a  gauze  pad  2  cm.  in 
thickness. 

The  gauze  pad  is  made  with  a  loop  of 
adhesive  tape  at  each  end  so  that  it  can 
be  adapted  and  tied  over  an  unevem  sur- 
face without  strapping.  The  radium  pad 
is  placed  over  one  lobe  for  eight  or  ten 
hours  and  then  over  the  other  for  an  equal 
time,  depending  on  the  size  of  the  lobe 
and  the  amount  of  radium  used.  If  the 
isthmus   is  enlarged  the  pad   can  be  ar- 
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CASE599.  January,  192 1.' Comparison  of  B. P.,  B.M.R., 
pulse  range  and  weight^  in.  months  after  radium 
treatment. 

ranged  to  cover  one  side  of  it  at  each  appli- 
cation without  overlapping  and  endangering 
the  trachea. 

This  technique  in  treatment  will  give 
an  active  hyperemia  in  the  blonde  type 
of  individual.  The  susceptibility  of  some 
people  (especially  if  there  is  a  vasomotor 
disturbance  like  sweating)  has  to  be  con- 
sidered; so  that  judgment  must  always 
be  used  at  all  times. 

It  is  well  to  advise  the  use  of  the  ice 
bag  in  hourly  periods  each  day,  over  the 
gland,  for  a  few  weeks  following  the 
treatment.  This  insures  rest  and  controls 
circulatory  and  cellular  activity.  As  men- 
tioned before,  subsidiary  treatment  is 
important  after  radiation  to  control  arising 
symptoms  of  insomnia,  tachycardia,  indi- 


gestion, diarrhea,  etc.,  until  the  therapeutic 
effect  of  the  radium  has  been  established. 

Case  726.  Jan.  29,  192 1.  Female, 
aged  thirty-one  years;  married;  mother 
of  one  child  eight  years  of  age. 

Family  History.     Negative. 

Past  History.  Had  measles  and  small- 
pox when  a  child.  Menstruated  at  thirteen 
years;  always  regular.  Had  a  left  brachial 
cyst  removed  when  seventeen,  also  had 
tonsillectomy.  Had  an  ovarian  cyst  re- 
moved five  years  ago.  For  the  last  two  years 
she  has  had  "throat  trouble."  Had  diffi- 
culty in  breathing  and,  when  going  up 
stairs,  tracheal  pressure.  Severe  headaches; 
fatigue  and  disinclination  to  work.  Perspires 
freely  and  at  times  has  one  or  two  degrees 
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Case  726.  January,  i92r.  Comparison  of  B.P.,  B.M  R-, 
pulse  range  and  weight  in  months  after  radium 
treatment. 


of  fever.  Appetite  good;  bowels  regular; 
no  insomnia.  Has  had  some  middle-ear 
disturbance  from  Eustachian  infection. 
Examination.  No  eye  manifestations. 
Fragments  of  lymphoid  tissue  within  the 
pillars  of  both  tonsils  so  that  the  posterior 
pillars  are  adherent  to  the  pharyngeal  walls 
and  show  evidence  of  infection.  The 
thyroid  gland  is  enlarged;  not  cystic,  but 
soft,  and  causing  a  compression  of  the 
trachea.  The  left  lobe  extends  beyond 
the  sternomastoid  muscle  and  adjoins 
the  brachial  cyst  keloid  scar.  The  right 
is  also  enlarged  but  lies  well  behind  the 
muscle.  The  area  of  heart  dulness  is  normal 
in  outline  and  no  murmurs  are  detected. 
Pulse  rate  no;  blood-pressure:  systoHc 
130,    diastolic    80.    Metabolic    rate    plus 
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24.1.  Upper  circumference  of  neck  13M; 
middle  14M;  lower  14M  In.  There  Is  a 
tremor  of  fingers  on  extension;  nails  have 
longitudinal  striae. 

Diagnosis.     Toxic  adenoma. 

Treatment.  Local  treatment  for  throat; 
rest;  Ice  bag  to  neck  with  quinine  hydro- 
bromld  medication. 

April  23,  192 1.  Throat  much  better, 
with  some  Improvement  In  general  symp- 
toms.   Metabolic    rate   today   plus    13.5. 

Oct.  7,  1 92 1.  Improvement  was  only 
temporary,  so  that  now  all  the  symptoms 
are  exaggerated.  Headaches  worse;  tachy- 
cardia; pulse  120;  some  diarrhea.  Metabolic 
rate  plus  40.4.  Recommended  radium 
treatment. 
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Case  810.  August,  1922.  Comparison  of  B.P.,  B.M.R., 
pulse  range  and  weight  in  months  after  radium 
treatment. 

Nov.  2,  1921.  One  hundred  mgm.  radium 
element  were  used  with  previously  described 
technique  over  each  lobe  of  the  thyroid  for 
ten  hours,  and  40  mgm.  In  the  same  screening 
held  behind  the  jaw  over  each  tonsil 
area  for  ten  hours. 

The  patient  made  a  satisfactory  recovery 
with  complete  alle\  lation  of  all  symptoms. 
She  moved  to  another  city  so  that  I 
was  unable  to  follow  the  course  of  the 
Improvement. 

Dec.  7,  1922.  After  fourteen  months  of 
complete  relief  from  all  the  old  symptoms 
the  scar  on  the  side  of  the  neck  has  softened 
down  and  both  lobes  of  the  thvroid  are 
apparently'  normal  In  size.  The  lymphoid 
tissue  at  the  site  of  the  right  tonsil  has 
disappeared    and   the    left   Is    healthy    In 


appearance.  Pulse  rate  80;  full  and  regular. 
Systolic  blood  pressure  122;  diastolic  80; 
metabolic  rate  minus  2.1. 

Case  810.  Aug.  11,  1922.  Male,  aged 
thirty-nine  years ;  married;  brakeman.  Com- 

Elalned  of  shaking  of  the  hands,  legs  and 
ody  and  of  fatigue. 

Family  History.     Negative. 

Past  History.  When  thirtj-  years  of 
age  he  had  a  renal  colic  and  passed  a 
calculus.  Two  years  ago  he  was  in  a  railroad 
accident  and  had  his  left  clavicle  and  three 
ribs  broken,  also  both  shoulders  injured. 
He  was  laid  up  for  five  weeks  and  was 
very  nervous  for  three  months  following. 
About  a  year  ago  he  had  Influenza. 

Present  Illness.  Three  months  ago  he 
became  shaky  In  the  limbs,  weak,  tired 
easily,  was  nervous,  had  Insomnia  and 
would  wake  after  sleep  with  a  feeling  of 
fulness  In  his  head.  W^ould  almost  faint 
at  times  from  weakness  and  palpitation. 

Examination.  Right  eye  slightly  larger 
than  the  left.  No  other  eye  symptoms. 
Tongue  tremulous.  Both  tonsils  enlarged 
and  chronically  infected.  Tonsil  crypts 
were  filled  with  necrotic  material.  Throat 
and  soft  palate  Injected  from  smoking. 
Teeth  In  good  condition.  Neck  very 
slightly  enlarged.  Left  lobe  of  thyroid 
larger  than  right.  Isthmus  normal.  Some 
pulsation  In  neck  but  no  bruit  heard. 
Heart  dilated  with  apex  In  nipple  line. 
Heart  sounds  rapid,  but  no  murmur 
detected.  Tremor  of  hands  and  knees. 
Nails  have  longitudinal  striae.  Radial 
pulse  100;  apex  beat  120;  systolic  blood 
pressure  122;  diastolic  90;  metabolic  rate. 


plus  36.1. 
Diagnosis. 
Prognosis. 
Treatment. 


Primary  exophthalmic  goiter. 
Good;  should  be  controled. 
( i)  60  mgm.  radium  element 
in  1  mm.  brass  and  i  mm.  rubber  and 
ij^  cm.  gauze  was  held  beneath  right 
ear  over  tonsil  area  for  seven  hours. 
(2)  100  mgm.  In  i  mm.  brass,  i  mm. 
rubber  and  2  cm.  gauze  In  form  of  a  pad 
was  held  over  left  lobe  of  thyroid  for 
seven  hours.  (3)  The  same  packages  were 
held  over  the  right  tonsil  area  and  thyroid 
lobe  for  eight  hours. 

Sept.  14,  1922.  Present  weight  133  lbs., 
or  a  gain  of  6  lbs.  since  August  nth. 
Has  been  feeling  fine.  Complains  of  some 
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palpitation  and  precordial  heaving  after 
eating  and  vigorous  exercise.  Has  had 
no  sore  throat  or  distress  of  any  kind; 
toxic  symptoms  lessened  greatly. 

Examirmtivn.  Throat  and  mouth  still 
injected  from  smoking.  Tonsils  small  \\ith 
some  infection  in  the  left  one;  neck  not 
enlarged.  Heart  sounds  normal.  Pulse 
and  apex  beat  lOO.  Systolic  blood  pressure 
130;    diastolic  60;  metabolism  not  taken. 

Feb.  12,  1923.  The  patient  was  treated 
six  months  ago.  Has  never  felt  better 
in  his  life;  complains  of  rapidity  of  heart 
action  on  exertion  only.  Examination 
showed  the  eyes  normal;  color  good; 
neck  still  small  with  no  evidence  of  enlarge- 
ment or  local  effect  of  treatment.  No 
tremor;  all  symptoms  controled.  Present 
weight  149  lbs.,  or  a  total  gain  of  22  lbs. 
Pulse  rate  "■4;  systolic  blood-pressure 
130;  diastolic  70.  Metabolic  rate  minus  3.9. 

C.\SE  805.  July  13,  1922.  Female, 
aged  thirty-nine  years;  married;  housewife. 
Complained    of    choking    sensation    and 


general  weakness 


Family  History.  Negative,  except  that 
her  mother  had  goiter. 

Past  History.  Had  children's  diseases. 
Always  been  more  or  less  anemic.  At  the 
age  of  six  years  the  thyroid  gland  enlarged 
but  became  smaller  after  puberty.  Gave 
no  evidence  of  activity  until  after  the 
birth  of  her  first  child.  When  lactation 
ceased  the  acti\ity  subsided  until  after 
her  second  child  was  born.  The  activity 
persisted  this  time  and  she  was  compelled 
to  have  a  complete  left,  and  a  partial 
right,  lobectomy  performed  three  years  ago. 
All  symptoms  subsided  and  she  remained 
well  for  over  a  year.  The  gland  commenced 
to  enlarge  gradually  but  without  any 
symptoms  until  about  a  month  ago  when 
she  had  an  acute  attack  of  tonsillitis. 

Present  History.  The  patient  finds  it 
difficult  to  breathe  at  night  when  lying 
down,  so  has  been  compelled  to  sleep 
in  a  sitting  position  for  nearly  three  weeks. 
Has  a  choking  sensation  in  stooping  over 
or  on  exertion.  Is  weak,  fatigues  easily 
and  is  disinclined  to  work. 

Examinatiort.  Left  eye  full  and  more 
staring  than  the  right.  Right  eye  also 
prominent  but  shows  less  sclera  than  the 
left.    Both   tonsils    enlarged,  injected  and 


appear  infected.  The  tongue  is  tremulous. 
The  neck  shows  a  circular  scar  down 
near  the  clavicle  with  a  bulging  prominent 
right  lobe  of  the  thyroid,  and  an  enlarged 
cystic  isthmus.  The  mass  as  a  whole  forces 
the  trachea  toward  the  left  and  holds  it 
backward,  accounting  for  the  choking 
sensation  with  increased  blood  pressure 
in  the  head.  Upper  circumference  of  the 
neck  is  15  in.,  middle  15' 2,  lower  16. 
Heart  sounds  normal ;  no  murmurs  detected. 
Apex  beat  and  pulse  registering  90;  systolic 
blood  pressure  lO";  diastolic  72;  hemo- 
globin 65  per  cent;  metabolic  rate  plus  29.0. 
Some  tremor  of  the  hands  and  fingers. 
Diagnosis.  Toxic  adenoma,  recurring  as 
a  result  of  acute  tonsillar  infection. 


BUVresy^                 -^                                               1 

.0 

P5 

^0 

^6 

k 

N 

■HO 

0 

-10 

"s, 

S 

^ 

s 

N 

Ma?lT>;S      03            te           ^          12.         IS"       IS 
fuheT\ini>e.iOB                   go 

Case  805.  July,  1922.  Comparison  of  B.P.,  B.M.R. 
pulse  range  and  weight  in  months  after  radium 
treatment. 

Treatment.  Ninety  mgm.  radium  element 
in  four  tubes  screened  as  before,  made 
into  a  pad  2  cm.  in  thickness  and  held 
over  the  right  lobe  and  isthmus  for  twelve 
hours.  Eighty  mgm.  in  two  packages  of  40 
mgm.  each  with  same  screening  was  held 
below  the  ear  and  behind  the  jaw  over  the 
tonsil  areas  on  each  side  for  ten  hours. 

Feb.  3,  1923.  It  has  been  nearly  six 
months  since  the  treatment.  The  patient 
reports  that  within  a  month  she  began 
to  improve  and  that  now  she  feels  well; 
has  no  nervous  symptoms,  choking  spells 
or  other  discomfort. 

Examination.  Patient  looks  much 
better.  Right  eye  still  full;  right  tonsil 
small;  left  red  and  injected.  Right  lobe  and 
isthmus  smaller  and  measurements  show  a 
decrease  of  i  in.  in  each  of  the  two  upper 
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(.ircunitVicnci's,  and  I'j  ni  the  lower. 
Gland  soft,  and  very  little  tension  in  the 
cystie  isthmus.  The  pulse  rate  is  -8; 
systolic  blood  pressure  112;  diastolic  80; 
hemoglobin  85  per  cent;  metabolic  rate 
minus  2.2.  The  patient  has  gained  3^2  lbs. 
in  weight. 

Mux  16,  1923.  At  the  present  time 
there  is  no  evidence  of  thyroid  toxicity 
except  the  fulness  of  one  eye;  and  the 
patient  reports  feeling  ^■ery  well  with  none 
of  her  old  synijjtoms  ])resent. 

CONCLUSIONS 

I.  A  high  systolic  and  a  low  diastolic 
blood  pressure  show   a   normally  balanced 


pulse   pressure   in   some   cases   before   the 
metabolic  rate  becomes  normal. 

2.  Three  months  after  treatment  the 
metabolic  rate  was  found  to  be  normal  in 
many  cases  that  had  been  active. 

3.  A  high  systolic  blood  pressure  in  the 
late  stages  of  a  toxic  adenoma  is  con- 
clusive evidence  of  myocardial  or  renal 
degeneration  whenever  it  is  not  reduced 
20  or  30  per  cent  after  the  normal  metabolic 
rate  has  been  re-established. 

4.  The  basal  metabolic  rate  proves 
and  estimates  the  degree  of  thyroid 
activity  and  also  furnishes  conclusive 
c\  idence  of  toxic  control  after  radium 
therapy. 


CERTAIN  BIOLOGICAL  PRINCIPLES  OF  RADIATION 

THERAPY* 


BY    SANFORD    WITHERS,    M.D. 

DENVEK,    CflLOHADO 


''I'^IME  is  all  too  short  to  give  the  resume 
1  of  this  subject  that  had  been  contem- 
plated. We  shall,  therefore,  be  content 
to  present  certain  important  fundamental 
principles  of  radiation  therapy,  divided  for 
logical  discussion  into  three  chapters, 
depending  upon  whether  the  phenomena 
bear  u|)on  the  physical,  histological  or 
clinical  aspi'cts  of  the  cases  treated. 

This  will  necessitate  making  broad 
statements,  to  which  possible  exception 
may  be  taken,  but  will  in  general  present 
the  working  ideas  that  we  hold  in  the 
treatment  of  neoplastic  conditions  b\ 
gamma  and  v-rays- 


1.    PHYSICAL    PHENOMENA  CONTROLLING 
THE    REACTION   TO    RADIATION 

1  .ct  us  consicU'r  l)iu'll\  w  hat  happens  w  lu'ii 
a  beam  ot  gamma  or  .v-rays  passes  through 
any  material  substance.  We  know  that  the 
greater  the  density  of  the  screen  the  more 
radiation  there  is  absorbed;  and  it  has 
been  ijroNcd  that  the  greater  the  amount 
of  raciiation  sto|5])ed  or  scattered  the  more 
intense  is  the  local  ionization  yielded 
through  the  production  of  negative  elec- 
trons-secondary   beta    particles    (the  so- 


called  delta  rays).  These  are  in  e\ery  way 
comparable  to  soft  beta  radiation. 

The  stimulus  afforded  by  the  various 
types  of  radiation  may  be  detrimental  or 
beneficial  to  biologic  function,  the  out- 
come depending  largely  upon  the  dosage, 
that  is,  the  duration  of  exposure.  For 
example,  a  certain  radiation  acting  for  a 
brief  time  on  sugar  cane  may  not  only 
facilitate  growth  but  also  produce  an 
increase  in  the  sugar  content  of  the  stalk 
ot  cane  (BurnsM.  If,  howe\er,  this  opti- 
mum amount  of  radiation  is  oxerstepped, 
the  plant  being  submitted  to  a  longer 
exposure  or  to  a  greater  concentration  of 
rays,  there  is  produced  depression,  culmin- 
ating in  complete  arrest  of  physiologic 
function. 

The  profound  retrogressive  changes  pro- 
duced by  ra\s  of  radium  on  tissue  cells 
are  well  known.  The  explanation  for  this 
phase  of  the  reaction  has  been  varied. 
Some  in\estigators  have  reached  the  con- 
clusion that  the  growth-promoting  factors 
in  cells  can  be  inactivated  by  exposure  to 
radiation;  and  the  therapeutic  usefulness 
of  radium  in  checking  the  cell  growth  may 
be  ascribed  to  such  a  destructive  reaction. 
This  factor,  the  retardation  of  cell  multi- 
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plication,  has  been  proxod  to  In-  trans- 
mitted as  a  mondelian  character;  not  onl\ 
from  cell  to  cell  (Wood  and  l^riine'i  but 
from  parent  to  the  otlspring  \n  mammals 
(Bagg--).  _  '       _ 

According  to  t)ther  obser^  ations,  how- 
e\er,  the  growth  retardation  ma\  be  tine 
to  the  increase  in  the  permeability  ot  the 
cells  bv  the  injury  done  to  the  cell  walls 
through  ionization.  If  treatment  is  con- 
tinued, the  cells  cytolyze  completely  (  Pack- 
ard'). From  this  it  follows  that  when  cells 
are  already  highly  permeable,  as  the\ 
arc  during  growth  and  di\  ision,  complete 
cytolysis  quickly  ensues;  whereas,  when 
the  cell  membrane  is  relatively  imper- 
meable, as  in  the  resting  condition,  radi- 
ation must  be  long  continued  betore 
destructi\e  cytolysis  can  be  obserxed. 
in  this  connection  it  will  be  ap|)arent  that 
those  cells  in  particular  which  contain 
electrolytes  and  substances  ol  high  atomic 
weight  will  show  a  greater  degree  of  radio- 
sensitiveness. 

It  is,  therefore,  probable  that  tlu'  direct 
efTect  of  the  incident  beam  of  gamma  or 
.\-rays  is  practically  nil  and  that  the  bio- 
logical etTect  depends  almost,  if  not  entirely, 
upon  the  amount  of  ionization  produced 
withm  the  tissues,  which,  as  we  have  seen, 
IS  a  tunction  oi  the  absorption  and  scatter- 
ing coelhcients. 

We  do  not  mean  to  state  that  the  second- 
ary beta  particles  will  all  produce  tlu' 
same  biological  eflect;  in  fait  \\i'  arc, 
from  theoretical  considerations,  opj^osed 
to  this  \iew,  for  it  seems  e\  ident  that  the 
speed  of  the  delta  particles  (aiul  hence 
the  energy  and  ionizing  power)  must  \ai"\ 
through  certain  limits  with  the  amplitude 
of  the    incident    pnmarx'    beam    (Prousf). 

U.     STKUCTUKAL     CII AKACTEKISTICS    (HISTO- 
LOGICAL) WHICH  DETERMINE  THE  KEACriON 
TO  KADIAriON 

Regardless  of  their  luture  as  therapeutic 
agents  the  use  of  radium  and  .v-rays 
has  demonstrated  certain  hitherto  un- 
known   cellular    characteristics    (Ewing"). 

It  was  observed  that  certain  tissues 
were  resistant  to  even  large  doses  of  radia- 
tion while  others  were  quite  susce])tihlc 
and  underwent   resolution  or  retrogression 


with  remaikabl\  small  units  of  beta, 
gamma  or  \-ra\s.  In  general,  there  arc 
SIX  structural  charai'ters  which  determine 
susceptibilit \  to  radiation.  All  are  oi  a 
cellular  nature  (Withers'): 

[u)  It  has  been  shown  that  the  more 
embryonal  oi-  uiulillercntiati'd  the  t>pc 
ol  cell  thegreatci'  is  its  radio-susccptibilit\  ; 
and  con\ersely  the  more  dilleientialed, 
highly  specialized  tlu'  t\pt'  of  cell  the 
greater  is  its  radio-resistance,  m  general 
(law  ot  Bergonie  and  Tribondeau). 

[!>)  It  is  easily  demonstrateil  that  cells 
in  the  process  t>f  di\  iding  (mitosis)  are 
from  eight  to  fifteen  times  more  \  ulner- 
alile  to  radiation  than  when  in  the  resting 
condition  iMottram^).  Ilic  radio-sen- 
sibilily  too,  is  a  property  of  the  nucleus 
and  IS  inherent  in  certain  states  or 
temporary  physiological  periods  of  cell 
hie,  the  most  important  ami  best  known 
ol  which  IS  the  state  ol  rcprotluctUMi 
(Regaud''). 

('(■)  It  is  etiuallx  triu'that  cells  containing 
large  amounts  of  ihiomatm  material  are 
more  easily  killed  than  those  containing 
little  chromatin,  in  other  words,  cells 
having  h\  pcichromatii-  nuclei  are  m 
general  much  more  r.idio-sensiti\e  th.in 
similar  cells  ha\ing  small  amounts  ol 
chromatin  in  the  nucleus. 

((/)  it  IS  common  know  k'dgc  that  the 
eiulothelium  ol  blood  and  Kmph  \essels 
IS  \  er\  radio-scnsiti\  e  anil  that  tumors 
ha\mg  an  abundance  ol  thm-walled,  deli- 
cate lapillaries  react  mui'h  more  cpiickly 
and  hnorably  to  radiation  than  lorrc- 
sponding  tumors  ha\  ing  a  scant\  blood 
supply. 

\c)  Tumors  lia\ing  small  amounts  ol 
intercellular  lonnective  tissue  react  much 
more  (|uickl\  and  fa\'orably  to  radiation 
than  new  growths  having  an  abundant 
stroma. 

(J)  A  perioil  ol  heightened  sensibilit\ 
corresponds  to  the  maximum  metabolic 
acti\it\'  of  the  nucleus  in  cells  which  ha\  e 
a  secretory  function  (Rcgaud").  In  general 
it  may  be  said  that  cells  which  secrete 
irystalloid  or  cr>stallizable  material  are 
much  more  radio-sensiti\e  than  non-secret- 
ing cells  having  the  same  histolo";ieal 
characteristics,  or  cells  that  secrete  colloid 
or  protein  substances. 
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It  was  the  presence  of  these  histological 
characteristics,  wholly  or  in  part,  in 
tumors  which  responded  quickly  to  radia- 
tion, that  led  certain  authors  to  assert 
that  radium  was  selecti\e  in  its  action  for 
certain  types  of  cells. 

The  effect  on  the  cell  is  shown  by  every 
degree  of  change  from  stimulation  to  death. 
The  dead  cells  are  remo\ed  by  autolysis 
and  phagocytosis,  but  the  connective  tissue 
substances  are  resistant  and  they  are 
absorbed  slowly.  Arguing  from  these  pre- 
mises Regaud  asserts  that  gamma  and 
.v-rays  of  very  short  wa\e-length  are  "elec- 
tive-poisons" for  nuclear  chromatin,  upon 
which,  as  is  known,  heredity  depends. 
Hence  the  rays  suppress  or  suspend 
cellular  reproduction  in  a  tissue. 

On  the  other  hand,  tissues  prove  rela- 
tively insusceptible  to  radiation  when  the 
cells  are  differentiated,  adult  in  structure 
and  contain  small  amounts  of  chromatin 
in  the  nucleus;  when  they  grow  slowly 
and  mitoses  are  few;  when  the  blood  supply 
is  through  well-formed,  adult  vessels  and 
when  there  is  much  intercellular  material 
or  stroma  (Ewing'^). 

Again,  the  presence  or  absence  of  any 
one  of  these  characteristics  to  a  marked 
degree  enables  one  to  predict  on  a  priori 
grounds  that  the  growth  will  or  will  not 
retrogress  fa\orably  under  radiation  prop- 
erly applied.  The  radio-sensibility  of  cells 
does  not  m  anyway  depend  upon  the  ana- 
tomical location,  but  entirely  upon  the 
histological  picture  presented. 

For  example  a  lymphoid  hyperplasia 
which  is  made  up  of  hyperchromatic  and 
undiilercntiated  cells  is  almost  as  \ulner- 
abie  to  radiation  as  sex  cells  and  will 
undergo  retrogression  with  mild  radiation 
whether  it  be  a  lymphosarcoma,  a  Hodg- 
kin's  gland,  an  hypertrophied  Peyer'spatch, 
a  thymic  or  tonsillar  hypertrophy  or  a 
tuberculous  ccr\  ical  adenitis. 

III.    CLINICAL    CONDITIONS   WHICH    INFLU- 
ENCE THE  REACTION  TO  RADIATION 

Theclinical  conditions  which  influence  the 
reaction  to  radiation  may  be  di\  idcd  into 
two  groups:  those  purely  local  in  their 
manifestations  and  those  of  a  constitu- 
tional nature. 


/.  Local  Conditions  \\  hich  Influence  the 
Reaction  to  Radiation,  (a)  One  of  the  most 
important  reactions  following  the  irradia- 
tion of  a  localized  area  is  the  intense 
infiltration  of  cells  and  serum  which  accom- 
panies the  inflammatory  reaction.  The 
presence  of  this  zone  of  lymphocytes  and 
plasma  cells  constitutes  the  first  barrier 
to  the  neoplastic  invasion,  just  as  the 
leucocytic  infiltration  about  a  pyogenic 
infection  walls  it  off.  It  has  been  very  well 
proved  by  Broders^"  and  others  that  the 
presence  of  a  round-cell  infiltration  in  the 
zone  of  proliferation  of  an  uninfected 
malignancy  argues  that  such  a  growth  is 
relatnely  less  malignant  than  one  having 
a  similar  cell  structure,  but  without  the 
intense  round-cell  infiltration.  In  other 
words,  the  presence  of  a  round-cell  infiltra- 
tion about  a  malignancy,  w  hether  it  occurs 
as  a  part  of  the  natural  body  resistance, 
or  is  stimulated  by  radiation,  is  one  of  the 
first  steps  in  causing  the  retrogression  of 
neoplastic  elements. 

(b)  The  study  of  the  ^•ascular  connecti\'e 
tissue  of  the  stroma  has  furnished  us  with 
data  which  deserves  to  be  emphasized. 
In  the  biopsies  practiced  before  treatment, 
the  characteristics  observed  almost  always 
in  patients  in  whom  a  favorable  outcome 
of  the  course  of  treatment  can  be  expected 
(Laborde'^)  are  as  follows:  A  connective 
tissue  stroma  of  normal  appearance  with  a 
minimum  of  acute  inflammatory  reaction, 
a  collagen  woof  taking  a  normal  stain,  the 
presence  of  capillaries,  of  which  the  walls 
appear  well  formed,  the  occurrence  of 
peri\'ascular  infiltration  of  round  cells  and 
poly  nuclear  eosinophiles. 

On  the  contrary,  the  aspects  which 
have  appeared  unfavorable  to  us,  from  the 
point  of  view  of  the  local  reaction  upon 
the  stroma  of  the  tumor,  as  well  as  that 
of  the  resistance  of  the  stroma  to  radiation, 
are  a  dissociated  connective  tissue,  whose 
fibrils  have  more  or  less  lost  their  affinity 
for  stain,  or  vessels,  the  walls  of  which 
appear  altered,  and  an  infiltration  of  the 
polynuclcar  ncutrophile  type  only. 

As  a  result  of  these  researches,  it  is 
evident  that  the  condition  of  the  vascular 
and  connective  tissue  stroma  deserves 
further  study,  not  only  in  the  course  of 
treatment  b\  radium,  as  has  been  done  by 


Certain  Biological   Principles  of  Radiation    Therapy 


most  writers  up  to  the  present,  but  also 
and  particularly  before  treatment.  The 
peri\ascular  alterations  which  we  have 
observed  in  some  cases  before  a  thera- 
peutic treatment  pro\e  that  there  is  an 
undeniable  interaction  of  neoplasm  on 
the  stroma  and  explain  to  us  why,  in 
certain  cases,  the  alterations  of  vascular 
and  connective  tissues  are  much  more 
pronounced  in  the  course  of  some  treat- 
ments than  in  others. 

( c)  The  repair  of  irradiated  tissue  follow- 
ing the  radiation  reaction  is  brought  about 
through  the  deposit  of  white  fibrous 
connective  tissue  in  interlacing  lamellae 
throughout  the  area  radiated.  This  scar 
tissue  formation  is  similar  to  the  repair 
that  takes  place  in  other  traumatized 
areas,  and  is  a  function  of  the  absorbed 
radiation  and  largely  due  to  the  secondary 
beta  particles,  as  before  mentioned. 

(d)  Accompanying  the  irradiation  is  pro- 
duced a  local  obliterative  endarteritis, 
which  in  many  sections  has  the  appearance 
of  marked  arteriosclerosis.  This  closing  of 
the  blood-^"essels  and  lymph  spaces  through 
the  combined  action  of  the  arteritis,  peri- 
\ascular  round-cell  infiltration  and  scar 
tissue  formation,  effectively  incarcerates 
persistent  neoplastic  elements. 

(e)  Regaud-'  points  out  that  when  an 
area  is  subjected  to  repeated  doses,  the 
same  normal  cells  are  irradiated,  but  not 
the  same  malignant  cells.  Hence  the 
integuments  and  connective  tissue  ele- 
ments become  successl\ely  less  radio- 
resistant through  the  cumulative  changes 
which  have  made  the  malignant  cells 
become  more  radio-resistant.  And  in  those 
cases  where  a  cure,  and  not  palliation 
alone,  is  sought,  an  attempt  should  be  made 
to  give  the  entire  dose  at  a  single  sitting, 
to  avoid  the  necessity  of  giving  a  second 
or  third  dose  of  greater  Intensity  with  the 
consequent  greater  damage  to  normal 
elements. 

2.  Constilutional  Cvnditions  Which  Influ- 
ence the  Radiation  Reaction.  These  condi- 
tions can  be  summed  up  by  saying  that  any 
condition  which  atlects  the  body  as  a 
whole  must  necessarily  affect  every  cell 
in  it.  Please  understand  then,  that  when 
dealing  with  malignancies  it  is  necessary 
to  have  the  physical  functions  of  the  bodv 


as  nearly  normal  as  possible.  The  pres- 
ence of  a  marked  cachexia  with  the  usual 
anemia  and  leucopenla  should  make  the 
prognosis  guarded  e\en  though  the  malia;- 
nancy  is  well  localized  and  one  which  would 
ordinarily  be  termed  favorable.  This  Is 
likewise  true  In  the  case  of  diabetics  or 
luetics  and  those  having  marked  cardio- 
vascular or  cardio-respiratory  diseases. 
The  presence,  then,  of  any  marked  con- 
stitutional disability  seems  to  render  the 
normal  tissue  more  radlo-susceptlble  and 
the  repair  following  irradiation  prolonged 
in  the  extreme.  \\  ithout  wishing  to  be 
dogmatic  there  Is  some  reason  for  believing 
that  patients  showing  little  lymphocytic 
fall  in  the  circulating  blood  upon  Irradia- 
tion react  better  to  the  treatment  than 
those  In  which  a  marked  fall  occurs 
(Lazarus-Barlow'i). 

On  the  other  hand,  constitutionally  Im- 
portant phenomena  are  known;  In  particu- 
lar, the  modifications  of  the  blood  which 
follow  the  treatment  of  cancer  by  penetrat- 
ing rays.  According  to  Seltz  and  WIntz, 
the  alterations  of  the  blood  are  constant 
and  characterized  by  an  abundant  destruc- 
tion of  the  formed  elements.  In  general. 
It  takes  from  six  to  eight  weeks  for  the 
blood  to  return  to  the  condition  which 
existed  before  Irradiation.  Certain  patients 
cannot  regenerate  their  blood-cells,  and 
when  the  sanguinary  alterations  continue, 
they  die,  the  strong  doses  of  ray  seeming 
to  have  hastened  their  death. 

In  addition  there  are  certain  changes  pro- 
duced in  the  organism  which  are  the  direct 
result  of  the  irradiation  upon  neoplastic 
cells.  We  refer  to  the  production  of 
substances  formed  under  the  Influence 
of  the  Irradiation  which  may  act  in  the 
manner  of  antibodies.  Contamin  has 
shown  that  the  Inoculation  of  mouse  or 
rat  tumors  feebly  irradiated  produces  an 
Immunity  against  additional  grafts  ot 
the  neoplastic  tissues.  It  Is  necessary 
here  that  the  Irradiation  should  be  just 
sufficient  to  produce  an  inhibition  of 
the  neoplastic  elements,  because  if  the  dose 
is  too  large,  inoculation  of  the  Irradiated 
tumor  is  no  longer  capable  of  conferring 
immunity.  These  experiments  have  been 
repeated  quite  recently  by  H.  Charles,  G. 
Scott   and   SIdnev   Russ'-  and    have   con- 
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lirmed  the  possibility  ol  coin  eying  unniu- 
nity  by  neoplastic  grafts.  It  seems  true  that 
Immunity  cannot  be  produced  by  inocula- 
tion of  ceils  which  are  still  living.  On 
the  other  hand,  it  is  well  pro\en  that  the 
indirect  action  on  the  cancer  through 
antibody  formation  is  insufficient  to 
inhibit  its  growth,  and  the  actual  state 
of  our  knowledge  at  present  is  that 
we  do  not  know  how  to  pro\oke  this 
reaction.  According  to  those  who  are 
best  informed,  we  can  count  only  on  the 
local  action  of  the  rays.  It  is  therefore 
essential  that  all  the  neoplastic  cells  of  a 
tumor  recei\"e  suilicient  doses  of  rays 
to  bring  about  their  destruction,  because 
not  only  can  the  incompletely  irradiated 
elements  become  a  point  of  growth  depar- 
ture for  a  recidix  e,  but  weak  doses  are  likely 
to  pro\oke  a  stimulating  reaction.  With 
these  conditions  it  is  advisable  that  proper 
measures  be  taken  to  promote  body  wel- 
fare, and  that  irradiation  be  undertaken 
with  a  great  deal  ofthought  and  preparation 
so  as  not  to  hurry  such  patients  to  their 
death  by  over-irradiation. 

In  the  practical  treatment  of  malignan- 
cies with  radium  or  .v-ray  there  are  four 
chief  points  to  be  kept  in  mind  which 
necessitate  the  very  closest  cooperation  of 
the  surgeon,  pathologist  and  radiation 
therapist: 

1.  The  pathology  must  be  interpreted 
into  terms  of  radio-sensiti\'eness. 

2.  The  proper  area  or  areas  for  irradia- 
tion must  be  accurately  determined. 

3.  The  required  dose  of  radiation  must 
be  placed  in  that  part  of  the  growth  where 
the  acti\c  proliferation  is  taking  place  to 
stimulate  normal  tissue  resistance  to  the  in- 
vading neoplasia  and  obliterate  the  blood- 
^■cssels  and  lymph  spaces. 

4.  The  normal  tissues  must  be  protected 
in  e\'ery  way  possible  so  as  not  to  break 
down  the  natural  body  resistance  through 
the  destruction  of  continuity  of  normal 
tissue  stroma,  intra-  aiul  peri-tumoral 
cellular  infiltration,  and  the  formed 
elements  of  the  blood,  which  make  up 
the  triumvirate  of  tissue  defenders.  These 
must  be  conserxcd  and  stimulated. 

Reactions  to  radiation  are  not  only 
c|ualitati\e  but  c]uantitati\e,  when  all 
the   factors  invt)l\ed  are  taken  into  con- 


sideration; but  this  statement  does  not 
permit  of  the  interpretation  that  there 
is,  or  can  ever  be  established,  a  standard 
carcinoma  or  sarcoma  dose,  since  no 
two  growths  have  identically  the  same 
cell  structure  or  surrounding  normal  tissue 
stroma  permitting  identical  reaction. 

CONCLUSIONS 

1.  That  the  cellular  reaction  to  radiation 
depends  upon  the  amount  of  radiant  energy 
absorbed,  whether  it  be  primary  or  second- 
ary in  origin. 

2.  That  susceptibility  to  short  wave- 
length therapy  is  a  cellular  characteristic 
depending  upon  a  definite  histological 
structure. 

3.  That  the  normal  tissue  reaction  to 
radiation  and  neoplastic  in\asion  depends 
to  a  large  degree  upon  the  well-being  of 
the  body  as  a  whole. 

4.  That  there  is  sufficient  data  extant  to 
predicate  on  a  priori  grounds  those  tissues 
or  tumors  which  will  pro\'e  radio-resistant 
or  radio-susceptible. 

5.  That  the  use  of  radium  or  .\-rays  is 
iust  as  radical  and  rational  a  procedure 
as  the  use  of  other  physical  agents  in 
the    treatment    of    neoplastic    conditions. 

6.  That  the  use  of  radium  or  .v-rays  in  a 
given  condition  should  require  also  an  equal 
amount  of  surgical  judgment,  a  more  com- 
plete knowledge  of  the  pathology  present 
and  a  broader  biophysical  training  than 
the  corresponding  surgical  treatment  de- 
mands. 
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DOSES  ON  CARCINO-\L\TA  OF  THE 

UTERINE  CERVIX* 
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IN  the  radiation  treatment  of  carcinoma 
of  the  uterme  cer\'i.\,  cHnical  and  micro- 
scopic examinations  are  of  the  utmost  value 
for  diagnosis,  prognosis  and  treatment. 
The  etfectiveness  of  the  radiation  depends 
on  the  radiation  energy  apphed,  the  extent 
of  the  disease  within  the  true  peK  is, 
the  type  of  epithelial  cell  composing  the 
new  growth  and  the  •  constitutional 
reaction  caused  by  the  effects  of  radiation. 
\\'e  must  render  the  prognosis  and  deter- 
mine the  method  of  treatment  solely  from 
these  findings. 

A  study  of  the  cervical  carcinomata 
from  this  viewpoint  has  been  undertaken 
to  ascertain  whether  the  lethal  radiation 
doses  for  the  different  types  of  cells  found 
in  these  new  grow1;hs  could  be  determined. 

As  early  as  1904  Exner'  described  the 
changes  caused  by  radium  rays  in  a  breast 
cancer.  He  attributed  to  the  connective 
tissue  the  greatest  importance  in  the  dis- 
solution of  the  malignant  growth.  Addition- 
al similar  investigations  were  reported  by 
Caan,-  Finzi,'  Janeway,^  Wickham  and 
Degrals,"  Ewing,''  Bumm,  Doederlein, 
Weinbrenner,' KelivandBurnam,''Kehrer,'' 
Lahm'",  Clark,  J.  G..'^  Schmltz,"  Alter'^ 
and  others.  Lahm'"  asserted  that  the 
changes  in  the  connecti\e  tissue  are  sec- 
ondary, while  those  in  the  cancer  cells 
are  of  primary  Importance. 

Carcinomata  of  the  uterine  cervix  are 
composed  of  either  basal,  squamous,  or 
cylindrical  epithelial  cells.  The  greater 
the  degree  of  immaturity,  of  departure 
from  the  adult  normal  histological  type, 
the    greater    is    the    clinical    malignancy. 
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The  basal  cells  are  spindle-shaped  and 
unripe  and  ha\e  not  as  yet  acquired  the 
differentiated  adult  form  of  either  the 
squamous  or  the  cylindrical  epithelial 
cells.  Therefore  the  basal-cell  cervical 
carcinomata  are  the  most  malignant.  Cer- 
\ical  carcinomata  are  seen  as  proliferating, 
ulcerating  or  Infiltrating  growths.  Adams 
and  McCrae  state  that  all  cases  are  car- 
cinomatous In  which  there  Is  Infdtration 
and  apparently  independent  growth  of 
epithelial  or  gland  cells  into  the  surround- 
ing tissue;  and  this,  whether  of  slightly 
or  markedly  atypical  cells. 

Repeated  cer\ical  lacerations  disturb 
the  normal  structures'  and  functions  of 
this  tissue,  interfere  with  its  nutrition  and 
expose  the  weakened  structure  to  chronic 
irritation  and  Inflammation.  A  chronic 
endocer\  icitis  precedes  cancer  in  the  great 
majority  of  cases — 34  out  of  48  (Polese). 
The  routine  examination  of  this  tissue  may 
reveal  abnormalities  In  the  morphology 
and  position  of  the  epithelium  which 
constitute  precancerous  ctinditions.  The 
most  prominent  of  these  conditions  is  the 
cervical  erosion,  many  Instances  of  which 
show  suspicious  hypertrophy  and  hetero- 
topia of  the  lining  epithelium.  Beckmann 
saw  the  de\elopment  of  carcinoma  m  an 
erosion  which  he  had  treated  for  five  years 
(Ewing).  Carcinomata  do  not  primarily 
develop  In  the  scars  resulting  from  the 
healing  of  lacerations  from  the  trauma  of 
labor. 

The  changes  produced  by  radium  and 
.v-rays  in  carcinomata  concern  those  seen  In 
the  parenchyma  and  those  observed  in  the 
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stroma.  The  careinonia  cells  undergo  de- 
generation and  the  connective  tissue  cells 
and  blood-vessels  of  the  stroma  show 
signs  of  inflammatory  reaction. 

The  degenerative  changes  of  the  cells 
are  chiefly  a  necrobiosis  of  the  nucleus 
which  leads  to  a  complete  breaking  up  or 
caryolysis.  The  ultimate  fate  of  the  cell 
is  thus  settled. 

The  inflammatory  reaction  begins  soon 
after  the  radiation  and  consists  of  an 
infiltration  of  the  stroma  with  poly- 
morphonuclear leucocytes,  at  first  without 
a  proliferation  of  the  stroma  ceils  and  blood 
and  lymph  vessels.  Many  of  the  cancer  cells 
are  densely  surrounded  by  leucocytes,  and 
one  gains  the  impression  that  substances 
are  liberated  by  the  disintegration  of  the 
cells  which  exert  a  pronounced  chcmotaxis 
on  the  leucocytes. 

At  times,  here  and  there  in  a  section, 
are  seen  remnants  of  carcinoma  cells, 
which  impress  one  as  being  almost  entirely 
composed  of  a  leucocytic  exudate.  How- 
ever, on  closer  examination  blood-vessels 
with  necrotic  walls  and  thrombi  are  seen; 
and  this  contradicts  the  latter  deduction. 

The  changes  seen  in  the  blood-\essels 
within  the  tumor  consist  mainly  of  throm- 
boses and  inflammatory  processes  in  the 
walls  resulting  in  an  obliteration  of  the 
lumen  and  necrosis  of  the  surrounding 
tissue.  Changes  in  the  cells  of  the  connec- 
tive tissue  are  not  seen  in  the  early  stages. 
However  as  time  passes  we  observe  a 
rapidly  increasing  formation  of  fibroblasts 
with  a  corresponding  decrease  in  the 
number  of  polymorphonuclear  leucocytes. 
The  latter  are  replaced  with  lymphocytes 
and  plasma  cells.  Finally  is  seen  the  forma- 
tion of  connective  tissue  fibers,  which 
graduall\'  increase  in  numbers.  Therewith 
the  changes  in  the  carcinoma  tumor  are 
completed. 

We  do  not  wish  to  state  whether  the 
changes  in  the  parenchyma  or  those  in  the 
stroma   arc   primary  and  most  important. 

In  191 7  in  a  paper  read  at  the  annual 
meeting  of  the  American  Radium  Society 
we  called  attention  to  the  ditYerence  in  the 
changes  produced  by  radium  in  the  differ- 
ent  types   of  carcinoma   cells   as   follows: 

The  squamous-cell  carcinoma  of  the 
cervix   e\  inces  a  papillary  arrangement  of 


the  cells.  Hornification  or  epithelial  pearl 
formation  is  often  seen.  The  connective 
tissue  is  edematous  and  loose.  The  round- 
cell  infiltration  in  the  wall  of  defense 
consists  of  plasma  cells,  eosinophiles,  mast- 
cells,  leucocytes  and  lymphocytes.  It  is 
mostly  an  everting,  rapidly  proliferating 
cancer  without  simultaneous  extension 
into  the  tissue. 

The  changes  caused  by  radiations  m 
the  epithelial  cells  of  the  epithelioma 
are  cytolysis  and  caryolj^sis  as  granulation 
and  vacuolation  of  the  protoplasma,  de- 
struction of  the  cell  wall,  loss  of  staining 
power  of  the  nucleus,  cessation  of  mitosis 
and  breaking  up  of  the  nucleus  into  amor- 
phous debris.  As  the  disintegration  of 
the  carcinoma  cells  progresses,  so  the 
round-cell  infiltration  and  fibroblast  forma- 
tion increase.  The  round-cell  infiltration 
Is  especially  rich  in  eosinophiles.  The 
tumor  disappears  by  the  action  of 
phagocytes. 

The  unripe  basal-cell  carcinoma  of  the 
cervix  shows  columnar  arrangement  of 
the  spindle-shaped  cells  with  \ery  little 
connective  tissue.  The  growth  is  mostly 
infiltrating.  The  rays  cause  a  necrosis 
of  the  central  portion  of  the  alveoli  charac- 
terized by  the  formation  of  amorphous 
masses  and  cell  detritus,  while  the  periph- 
eral cells  are  the  last  to  succumb.  Giant- 
cell  formation  Is  almost  always  seen. 
The  vacancies  In  the  tumor  are  rapidly 
filled  by  fibroblasts.  Necrosis  and  con- 
nective-tissue formation  are  the  character- 
istic degenerative  and  reparatne  processes 
111  this  \aricty  of  carcinoma. 

The  cylindrical-cell  carcinoma  usually 
shows  an  adenomatous  arrangement  of 
an  acinous  type.  The  connective-tissue 
stroma  between  the  adenomatous  masses 
of  cancer  cells  Is  more  or  less  prominent. 
A  wall  of  round  cells  is  usually  present. 
The  rays  cause  a  rapid  degeneration  of  the 
carcinoma  cells  with  a  corresponding  rapid 
formation  of  fibroblasts. 


Alter,' 


in 


a    valuable    study,    dis- 


cusses the  histological  changes  of  the  dif- 
ferent cell  types  of  carcinoma  after  ex- 
posure to  radium  rays.  He  investigated 
the  mechanism  of  the  changes  separately 
in  each  individual  type  of  epithelial 
cell  cancers.  By  comparison  of  the  change 
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in    the    parenchyma    and    the   connective 
tissue  of  each  type  he  answered  the  ques- 
tion: Is  the  connective  tissue  proHferation 
or  the  change  in  the  parenchyma  primary? 
In  passing   I   might  state  that  Alter  saw 
a  very  marked  eosinophiha  in  most  of  the 
microscopic  sections  examined.  The  varying 
clinical    response    of    different    types    of 
malignant  disease  to  radium  must  impress 
even    the    most    causal    observer.    These 
differences    appear    to    be    correlated    to 
\ariations  in  the  histological  character  of 
the    growth.     Both   the    nucleus   and   the 
protoplasm    figure    conspicuously    in    the 
histological    changes    following    exposure 
to  the  rays  of  radium.  Both  these  parts 
of  the  cell  show  different  behavior  toward 
the  rays  in  the  different  types  of  carcinoma. 
These  diflerences  suggest  diflerent  absorp- 
tion of  the  rays.  The  physiological  action 
of  the  rays  is  proportionate  to  the  absorbed 
amount,   but   will   also   depend   upon   the 
kind    of    process    initiated    through    the 
transformation    of  absorbed   energy.  The 
protoplasm    of    the    benign    and    of   the 
different   types   of  malignant   cells   reacts 
diflerently  toward  the  rays.     This  differ- 
ence suggests  again  that  different  physical- 
chemical     and  chemical     conditions     are 
responsible    for    the    different    absorption 
of    the     rays.    Some    general    and    very 
definite     morphological     changes     of    the 
protoplasm  suggest  chemical  Interpretation 
very    strongly.    The   conclusions   reached 
were:  Diflerent  types  of  carcinoma  show 
characteristically  diflerent  beha\ior toward 
the  rays  of  radium.  The  beha\ior  depends 
mainly  on  the  state  of  differentiation  of 
the    diflerent    types    of    carcinoma.    The 
more     undifl'erentiated     and     embryonic 
in  type  the  carcinoma  is,  the  more  effective 
is    the    action    of    radium    rays    upon    it. 
On   the   differentiated   types   the   rays   of 
radium  have  a  hastening  effect.  If  the  effect 
of    these    rays  is  proportional  to  the  ab- 
sorbed amount,  the  nuclei  and  protoplasm 
of  different  types  of  carcinoma  and  benign 
tissue  absorb  different  amounts  of  rays. 

Lahm  '"  propounded  the  question:  Does 
a  microscopic  examination  make  it  pos- 
sible to  prognosticate  the  primary  or 
secondary  cure  of  a  carcinoma  at  least 
within  certain  limits?  The  answer  was 
"Yes,"  and  proven  as  follows: 


"If  the  sensibility  of  the  carcinoma  is 
60  per  cent  of  a  unit  skin  dose,  then  the 
curative  action  of  the  rays  extends  to  a 
radius  of  4.8  cm.;  if  80  per  cent,  to  3.8 
cm.;  if  100  per  cent,  to  3.5  cm.,  and  if  120 
per  cent,  to  3.2  cm.  If  we  could  determine 
the  radio-sensibility  of  a  carcinoma,  we 
could  also  determine  the  radiation  dose  to 
cause   a   primary   healing.    If  we   consider 


Vl\?.\'5W\5\b\7'\8\^W\ 

Fig.   I.  The  equal  intensity  curves  of  50  mg.   radium 
element   measured    in    water. 

(i)  the  bimanual  and  clinical  findings,  (2) 
the  radio-sensibility  of  the  carcinoma, 
and  (3)  the  resorption  of  the  tumor  mass, 
i.e.,  local  healing.  The  results  obtained 
were  that  ripe  carcinomata  require  3000  to 
"000  mg.  el.  hrs.;  middle  ripe,  4000 to  5000; 
and  unripe,  6000  to  "ooo;  while  adeno- 
carcinomata  are  refractory  to  any  dose. 

The  changes  caused  by  gamma  rays  in  the 
carcinomata  and  revealed  by  microscopic 
examination  were:  (a)  regular  and  Irreg- 
ular mitotic  nuclei,  (6)  numerous  giant- 
cell  formations,  (c)  caryolysis  and  cytolysis 
with  granulation  and  vacuolation  ot  the 
protoplasm,  and  {d)  the  formation  of  a 
zone  of  reaction  around  the  growth  of 
variable  extent  composed  of  plasma  cells, 
lymphocytes,  polymorphonuclear  neutro- 
philes  and   eosinophiles.   The  eosinophilia 
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is  the  best  evidence  of  an  early  and  com-      runs  parallel  with  the  progressive  healing 
pletc    resorption   of  ripe   and    niiddlc-ri])e     of  the  cancer.  Of  156  carcinomata  treated 


Fic.   2.   Unripe  basal-celled  carcinoma  of  the  uterine 
cervix  before  radiation  treatment. 


Fig.  3.  The  histological  changes  caused  within  three 
weeks  in  the  basal-celled  cancer  seen  in  Figure  2 
with  a  combined  100  per  cent  E.S.D.  of  radium  and 


carcinomata,  while  the  presence  of  plasma 
cells  and  Icucocvtes  indicates  an  mabilit\ 


between    the    years    1915    and    1918,      36 
had   eosinophilia   and  120  did  not.  Of  the 


Fk;.   4.   Adc'iioeareinoina    oi    thi-    uterine   eii\i\  l)et()re 
radiation    treatrnerU. 


ui  tlu'  host  to  acti\atc  the  detcnsi\e  iorces 
iiecessar\  lor  a  dcocneration  of  the  car- 
cinoma.   The    occurrence    of    eosinophilia 


\) 


«■* 
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Ik..  ■;.  I  ligli-pnwer  inaiinificaticin  of  an  area  in  l-igurc  4. 

tormer,  14,  or  40  per  cent  were  cured,  tq, 
or  55  per  cent  died  and  3,  or  -  per  cent 
could  not  be  traced.  Of  the   latter,  21,  or 
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\-.  j  per  cent  were  cured,  98,  or  81.5  per 
cent  died,  and  i,  or  0.9  per  cent  could 
not  be  traced. 

Lahm  states  that  the  \  irihty  ot  the  car- 
cinoma cell  does  not  depend  on  the  mor- 
phology but  on  the  preservation  of  the 
colloidal  state  of  the  protoplasm.  The 
protoplasm  is  injured  by  the  rays,  hence 
dissolution  of  the   reticulum,   vacuolation 


The  action  of  radium  is  local.  The  inten- 
sity within  tissues  or  tumors  depreciates 
rapidly.  A  homogeneous  penetration  of  the 
entire  true  pelvis  with  radium  rays  mserted 
intracervical  is  Impossible.  If  a  carcinoma 
possessed  a  radio-sensibility  of  60  per  cent 
of  the  full  skin  dose  it  could  be  effectually 
radiated  within  a  radius  of  4.8  cm., 
according  to  Lahm.  The  radius  of  the  true 


Fig.  6.  TIil'  uterus  was  rcinuvcd  two  days  alter  a  cumbiiicd  radium  and  .\-ray  applicntion 
of  about  130  per  cent  E.  S.  D.  Note  the  marked  fibroblastic  infiltration  and  almost 
complete  disappearance  of  the  carcinoma  cells. 

of  the  protoplasm  and  finally  dissolution  bony     peKis     which     forms     the     natural 

of    nucleus  and   cell.   During  this  process  limit  of  a  cervical  carcinoma  still  amenable 

poisonous  or  iniurious  ions  accumulate  in  to  radiation  treatment  is  6  cm.  Should  the 

the  periphery  of  the  carcinoma,  stimulat-  regional    lymph-nodes    be    invaded,   they 

ing  the  division  of  the  cells  and  causing  the  would  receive  too  small  a  dose.  Assuming 

formation  of  mitoses  and  of  polymorpho-  that  Lahm's  radium  dose  Is  expressed  in 

nuclear  cells.  the  per  cent  of  the  customary  100  per  cent 

The  investigations  of  Alter,  Lahm  and  erythema  skin  dose,  the  60  per  cent  dose 

myself    permit    the    deductions    that    the  is  an  irritating  one  and  tends  to  stimulate 

different  types  of  carclnomata  react  differ-  the   growth   to    more    rapid   proliferation, 

ently  to  the  action  of  radium  rays  and  that  We   have   investigated  the  distribution 

the   different    behavior   enabled   Lahm    to  of  the  intensity  of  gamma  rays  of  radium.^' 

express  this  difference  within  definite  limits  The  equal  Intensity  curves  are  shown  In 

in  a  lethal  radiation  dose  for  each  type  of  Figure    i.  The  full  skin  dose,  that  is,  the 

carcinoma  cells.  100  per  cent  erythema  skin  dose,  is  attained 
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at  isodose  60  with  1600  mg.  element  hours, 
(mg.  el.  hrs.,)  at  isodose  40,  with  2400 
mg.  el.  hrs.;  at  isodose  30,  with 3200  mg. el. 
hrs.;  at  isodose  20,  with  4800  mg.  el.  hrs.; 
at  isodose  10,  with  9600  mg.  el.  hrs.  The 
median  transverse  diameter  of  isodose  60  is 
about  3  cm.,  the  longitudinal  axis  5.5  cm.; 
at  isodose  40,  4.5  and  6.3  cm.  respectively; 
at  isodose  20,  7  and  8  cm.;  at  isodose  10, 


apply  is  with  130  per  cent  E.  S.  D.  4200 
mg.  el.  hrs.,  and  with  150  per  cent  E.  S.  D. 
4800  mg.  el.  hrs.  Assuming  that  a  carcin- 
oma had  a  radio-sensibility  of  100  per  cent 
and  occupied  an  elliptical  area  of  a  median 
transverse  diameter  of  7  cm.  and  a  longi- 
tuduial  axis  of  8  cm.,  the  carcinoma  dose 
ot  4800  mg.  el.  hrs.  would  be  lethal. 
Therefore   if  we   use  radium  alone  we  can 


irf^-^ 


Fig.  7.  High-power  magnificition  of  an  area  of  Figure  6  to  show  the  degeneration  of  the  nuclei 

and  protoplasm  of  the  cancer  cells. 


9.5  and  10. -  cm.  The  object  of  radiation 
therapy  must  be  to  kill  the  carcinoma 
without  causing  irreparable  injury  to 
normal  tissues  and  organs  lying  within  the 
path  of  the  radiation  field.  The  posterior 
bladder  wall  is  about  2.5  cm.,  and  the 
anterior  rectal  wall  about  2.5  to  3  cm. 
distant  from  the  cer\  ical  canal.  The  per- 
missible maximal  radiation  dose  which 
the  rectal  and  vesical  mucosae  will  endure 
without  permanent  injury  is  about  130  to 
150  per  cent  of  the  erythema  skin  dose. 
As  they  lie  at  about  isodose  30  the  highest 
permissible  gamma  ray  dose  that  we  may 


benefit  only  a  small  number  of  cer\ical 
carcinomata.  Should  the  radio-sensibility 
of  the  carcinoma  be  less  than  100  per  cent 
and  the  E.  S.  D.  be  i^o  to  1-5  per  cent, 
then  the  prognosis  would  be  less  favorable. 
The  radiation  energy  applied  must  be 
of  the  same,  or  practically  the  same,  inten- 
sity at  the  periphery  of  the  bony  pelvic 
walls  as  in  the  center.  Such  a  homo- 
geneity of  intensity  may  be  attained  cither 
by  distributing  the  radium  all  through 
the  pelvis  or  by  using  a  combined  applica- 
tion of  radium  and  x-rays.  Radium  may 
be  evenly  distributed  through  the  peb  ic 
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ca\-ity  by  the  use  of  needles  containing 
radium  salt  or  glass  capillary  tubes  filled 
with  radium  emanation.  Instead  of  glass 
capillary  tubes,  those  made  of  a  material 
soluble  In  body  tissues  may  be  used.'"* 
These  methods  necessitate  a  laparotomy. 
We  have  discarded  the  method  of  "need- 
ling," as  the  poor  results  did  not  warrant 
a  continuation. 


The  application  of  a  lethal  dose  to 
carcinomata  causes  a  destruction  of  the 
malignant  cells,  and  to  some  extent,  of 
normal  cells,  especially  the  white  blood 
corpuscles.  The  split  proteins  are  absorb- 
ed and  a  non-specitic  protein  toxicosis 
ensues,  evidenced  by  an  Increase  In 
the  nitrogen  constituents  and  a  decrease 
in    the    chlorides    of   the    blood.    This    is 


Fig.  8.  A  squamous  epithelial-cell  cancer  of  the  uterine  cervix  before  radiation  treatment. 

The    combined    application    of   gamma  the  more  remarkable  as  Theis  and  Stone^' 

and  .v-rays  enables  one  to  devise  a  method  found  a  low  content  of  non-protein  nitrogen 

which  assures  a  homogeneity  of  radiation  and  urea  nitrogen  In  the  blood  of  carcinoma 

intensities   all  through  the  pelvis.   I  shall  patients,     while     Hirsch     and     Peterson"- 

not    discuss    this    method,    but    refer    to  did  not  find  any  changes  after  radiations, 

the  publications  on  this  subject.^'-'  -"  The    toxicosis,    also,    changes    the    total 

These    Investigations    placed    us    in    a  number  of  the  white  blood  cells  and  the 

position   to  study   the   changes   produced  percentages   of  the   different   white   cells, 

with    measured    radiation    doses    In    car-  These  changes  correspond  to  the  typical 

cinomata     of    the    uterine    cervix.    They  picture    seen    in    anaphylactic    shock.    A 

comprised    observations    on    the    relation  cancer  patient  refractory  to  the  rays  does 

of  the  measured  radiation  energy  to   (i)  not    show    any    disturbance    of    nitrogen 

the    chemical    constituents   and   defensive  metabolism,    the    white    blood    cell    count 

ferments  of  the  blood,  (2)  the  local  pal-  or  the  percentage  of  the_  white  cells.  The 

patory  evidences  of  the  disease,  and   (3)  absence    of    these    reactions    indicates    a 

the    microscopic    examinations   of  tissues,  negative  result  from  the  radiation  treat- 
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ment  caused  by  either  a  general  resistance 
of  the  patient  (seen  especially  in  advanced 
cachexia)  or  an  insuflicient  dose  of  rays. 
The  Freund-Kaminer'-'  test  for  car- 
cinomata is  based  upon  the  observation 
that  the  isolated  cells  of  carcinoma  are 
dissolved  by  the  serum  of  non-cancerous 
individuals,  whereas  this  property  is  want- 
ing   in    the    sera    of    carcinoma    patients. 


value  of  the  Freund-Kaminer  reaction 
a  nd  they  deny  it  any  diagnostic  possibilities. 
However,  these  conclusions  do  not  inter- 
fere with  our  investigations,  as  we  are 
testing  the  relative  values  in  microscop- 
ically proven  carcinomata. 

A  lethal  carcinoma  dose  should  be 
followed  by  negative  palpatory  findings. 
The  cervix  should  be  healed  and  the  para- 


Fig.  0.  The  uterus  was  removed  three  months  alter  the  application  ol'  about  175  per  cent  E.  S.  D.  ol 
radium  and  x-rays.  Note  the  connective-tissue  formation  and  the  practically  fatal  absence  of 
malignant  cells. 


They  also  showed  that  if  a  carcinomatous 
growth  is  surgic:dly  eradicated,  the  serum 
of  such  patients  would  reacquire  carcino- 
lytic  properties.  We  therefore  concluded 
that  if  a  carcinoma  has  been  completely 
degenerated  by  radiations,  the  blood  of 
such  patients  should  show  carcinolytic 
properties.  This  assumption  was  proven 
to  be  correct.  These  investigations  will 
be  published  in  the  near  future.  Whether 
we  shall  be  able  to  use  the  results  clinically, 
or  whether  the\'  will  corroborate  the  conten- 
tion that  ra\s  can  ellectuaily  destroy 
carcinoma,  cannot  as  yet  be  stated. 
Herly-'  and  Coca--'  studied  the  diagnostic 


metria  free  of  any  induration.  The  pelvic 
organs  should  become  moxable  and  of 
normal  consistency,  though  scar  formation 
may  lea\e  indurated  bands  behind.  The 
microscopic  examination  of  excised  tissue 
from  such  a  "healed"  cer\  Ix  must  re\eal 
total  absence  of  epithelial  cancer  cells. 
These  two  conditions  are  the  criterion 
upon  \\hich  we  must  base  the  efiicacy  of 
the  therapeutic  value  of  radiations  In 
cancer  therapy.  Should  local  healing  con- 
tinue lor  li\e  years  Iree  ot  any  recurrence, 
the  cure  is  an  anatomic  one  and  complete. 
We  ha\e  kept  careful  records  of  the 
radiation  dose  applied  in  418  consecutive 
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cases  of  cer\ical  carcinomata.  We  pre- 
served the  microscopic  sections  and  main- 
tained a  thorough  follow-up  system.  The 
percentage  of  squamous-cell  carcinomata 
was  60,  of  unripe  basal-cell  carcinomata,  1 5, 
and  of  adenocarcinomata,  25.  The  middle 
ripe  carcinomata  are  included  in  the  first 
group,  as  they  show  e\idence  of  progressne 
differentiation  and  tendency  to  maturity. 
They  amount  to  12  per  cent.  By  means  of 
the  isodoses  of  radium,  the  absorption 
graphs  of  .\-rays,  and  the  anteroposterior 
and  transverse  diameters  of  the  pelvis, 
we  calculated  the  radiation  energy  applied. 

In  40  cases  of  squamous-cell  carcinomata 
we  had  15  cases  of  primary  healing  and 
absence  of  carcinoma  cells  from  the  tissues, 
i.e.,  3". 5  per  cent.  In  the  group  treated 
with  about  80  per  cent  E.  S.  D.,  the  per- 
centage of  primary  healing  was  14.3;  in  the 
100  per  cent  group,  25  per  cent;  in  the  130 
per  cent  group,  66  per  cent;  and  in  the 
150  per  cent  group,  80  per  cent.  In 
10  cases  of  unripe  basal  cell  carcinomata 
treated  with  about  100  per  cent  E.  S.  D. 
we  had  5  primary  healings,  i.e.,  50  per 
cent,  and  in  16  adenocarcinomata  we 
had  0  per  cent  healings  with  100  per  cent, 
and  66  per  cent  with  130  per  cent  E.  S.  D. 
The  microscopic  exammations  are  repro- 
duced in  the  accompanying  illustrations. 
Figures  2  and  3  represent  an  unripe  basal- 
cell  carcinoma  before  and  after  treatment. 
Figures  4,  5,  6  and  7  an  adenocarinoma; 
and  Figures  8  and  9  a  squamous-cell 
carcinoma  treated  with  100,  130  and  175 
per  cent  E.  S.  D.  respectively. 

We  cannot  as  yet  draw  any  conclusions 
concerning  the  future  behavior  of  these 
primarily  healed  cases.  However,  we  shall 
arrange  all  the  cases  treated  statistically  and 
publish  them  In  a  second  communication. 

We  may  be  permitted  to  draw  the  ten- 
tative deductions  that  the  lethal  carcinoma 
dose  for  unripe  basal-cell  cancers  is  about 
100  per  cent  E.  S.  D.;  for  adenocarcino- 
mata about  1 30  per  cent,  and  for  squamous- 
cell  carcinomata,  150  to  fo  per  cent 
E.  S.  D. 

CONCLUSIONS 

I.  The  cell  types  of  cervical  carcinomata 
may  be  conveniently  dI^'ided  into  three 
groups:  The   unripe   basal-cell,   the  squa- 


mous-cell   and    the  cylindrical-cell  adeno- 
carcinoma. 

2.  The  radiation  sensibility  of  these 
three  cell  types  differs.  It  Is  greatest  in 
the  immature  basal-cell  type;  less  so 
in  the  adenocarcinoma  and  least  in  the 
squamous-cell  carcinoma. 

3.  The  prognosis  of  the  efficacy  of 
radiation  therapy  in  cervical  carcinomata 
must  be  based  on  (a)  the  measured  radia- 
tion dose;  (6)  the  changes  occurring  in 
the  blood,  particularly  in  the  nitrogen 
constituents  and  the  beha^•ior  of  the  white 
blood  corpuscles;  (c)  a  careful  clinical 
examination  to  determine  local  healing; 
(d)  repeated  microscopic  examinations 
made  before  and  after  treatment. 

4.  An  attempt  has  been  made  to  express 
the  lethal  carcinoma  dose  for  each  cell 
type  of  cervical  carcinoma  in  per  cent 
of  the  full  100  per  cent  erythema  skin 
dose. 
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DISCUSSION^ 

Mr.  L.  B.  Clark,  San  Francisco,  Calif. 
After  listening  to  tiaese  two  papers  I  think 
there  is  little  left  to  say  and  from  the  stand- 
point of  the  physicist  I  feel  that  I  cannot  add 
anything. 

Dr.  H.  H.  Bowing,  Rochester,  Minn.  I 
have  enjoyed  these  two  papers  immensely. 
There  is  no  doubt  that  our  work  depends 
on  just  such  studies.  I  have  always  been 
impressed  with  the  work  of  Alter.  Certainly 
we  can  all  learn  much  from  his  Studies  I  and  II. 

Just  wiiat  is  the  basis  of  it  all,  and  what 
brings  about  this  cellular  reaction  in  the 
carcinoma  cell  and  Ijocly  tissue  is  a  complex 
question.  I  think  we  will  have  to  continue  in 
theory  until  we  know  more  about  our  l)iologic 
and  microchemical  reactions.  Much  depends 
on  our  knowledge  of  colloidal  chemistry,  and 
it  is  possible  that  much  of  it  can  be  carried  out 
in  the  laboratory  in  various  ways. 

It  seems  that  the  radiation  reaction  as  we 
see  it  in  the  tissue,  as  we  know  the  entity  of 

'  This  discussion  has  reference  to  the  preceding  paper  by  Dr. 
Withers,  as  well  as  to  the  above. 


the  radium  tube,  is  comparable  to  that  of 
penetrating  heat.  It  seems  that  it  would  be 
justihable  to  compare  the  reaction  in  the  heat 
sense,  for  we  know  that  the  energy  of  the 
radium  and  roentgen  tube  can  be  measured  in 
terms  of  heat  units. 

As  to  the  sections  for  study,  I  have  always 
been  very  anxious,  perhaps  too  much  so,  to 
take  tissue  for  study.  I  think  we  should  be 
very  careful.  Most  of  these  patients  are  poor 
risks  and  the  chance  of  hemorrhage  and  metas- 
tasis through  manipulation  is  very  great.  If  we 
jeopardize  these  patients  the  chance  for 
improvement  is  very  slight,  but  I  think  it  is 
justifiable  to  take  sufficient  biopsj-  material 
for  study.  If  one  of  my  patients  is  doing  well 
and  a  section  is  removed,  and  at  the  same  time 
a  radium  tube  placed  in  close  proximity,  the 
next  morning  the  patient's  temperature  will 
be  100  to  104°  F.  We  must  be  very  careful  on 
account  of  the  danger  of  bleeding  and 
infection. 

As  to  the  fibrosis,  we  know  that  the  radium 
dose  that  will  destroy  a  carcinoma  cell  will  also 
induce  fibrosis,  and  an  over-production  of 
fibrous  tissue  must  be  avoided. 

It  is  encouraging  to  see  some  of  these 
inoperable  patients  return  in  four  to  six  months 
apparently  cured  of  their  carcinoma.  They  will 
respond  locally  to  small  repeated  doses  of 
radium.  It  is  my  custom  to  place  a  50-mgm.  tube 
for  a  period  of  fourteen  hours,  and  then  repeat 
at  intervals  of  from  two  to  three  days  until  a 
4000  or  9000  total  mgm.  hour  dose  is  built  up. 
Each  interval  will  help  to  decide  how  far  to 
push  the  treatment.  In  this  manner,  many 
portions  of  the  tumor  may  be  treated,  including 
the  deep-lying  portions.  If  we  fail,  it  is  probably 
because  the  deeper  areas  of  the  cervical  canal 
and  fundus  did  not  get  sufficient  treatment.  As 
these  patients  first  present  themselves,  it  is 
impossible  in  many  cases  to  place  the  radium 
tube  deep  in  the  cervical  tissue  without 
traumatizing  the  part,  but  as  time  goes  on,  new 
portals  open  up.  In  my  experience  the  broken 
dose  method  is  more  effecti\e  than  the  inten- 
sive single-dose  application. 

I  have  never  employed  needles  in  primary 
carcinoma  of  the  cervix.  I  try  to  avoid  all 
trauma,  using  the  natural  channels  for  the 
introduction  of  the  radium  tube.  As  the  days 
go  by,  these  tumors  degenerate  and  new  avenues 
t)pen  up,  and  with  care  the  radium  may  be 
placed  deeper  in  the  involved  area.  I  am  confi- 
dent that  the  broken-dose  method,  adminis- 
tered in  from  two  to  four  weeks,  will  always 
bring  satisfactory  results. 

The  eosinophilic  infiltration  following  radium 
treatment  is  very  interesting.  I  recall  a  case  of 
splenomegaly  in  which  splenectomy  was  per- 
formed. About  two  weeks  before  the  operation 
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radium  was  applied  to  the  splenic  enlargement; 
the  tumor  was  reduced  two-thirds  in  size  by 
the  time  it  was  removed.  Many  sections  were 
studied.  The  pathologist's  comment  was  that 
he  had  never  seen  so  many  eosmopiiiles  in  any 
given  spleen,  and  no  doubt  this  was  the  result 
of  the  irradiation. 

Concerning  the  use  of  a  few  animals  for  our 
laboratory  studies,  we  must  be  guided  by  what 
Wood  has  shown  us:  that  sarcoma  or  carcinoma 
of  certain  animals  may  "take"  readdy  in 
certain  months  of  the  year,  while  in  other 
months  the  "take"  is  practically  nil.  I  feel 
sure  that  the  results  should  be  questioned  and 
the  experiments  repeated  if  investigations  are 
carried  on  with  a  small  group  of  animals. 
Such  experimentation  should  be  done  in  labora- 
tories where  they  have  a  large  amount  of 
material.  These  variations  could  easily  be 
attributed  to  the  experimental  substance 
employed,  but  it  would  be  necessary  to  rule 
out  the  above  factor  or  natural  variation  before 
any  conclusions  could  be  drawn.  It  is  probable 
that  the  chemistry  of  the  patient  with  carci- 
noma is  comparable  to  that  of  the  pregnant 
woman.  If  pregnancy  is  considered  as  a  patho- 
logic condition,  reaction  and  many  other  asso- 
ciated features  should  be  considered,  but  to 
me  the  condition  appears  physiologic;  therefore 
a  plan  must  be  evolved  to  demonstrate  a  pure 
physiologic  process. 

Dr.  D.  W.  Montogomery,  San  Francisco, 
Calif  I  did  not  quite  understand  the  remarks 
of  Dr.  Bowing  regarding  the  seasonal  variation 
in  the  experimental  animals. 

Dr.  Bowing.  The  work  of  \\  ood  at  the 
Crocker  Institute  in  New  York  City  is  very 
interesting.  Wood  can  demonstrate  with  charts 
showing  the  number  of  "takes"  in  a  twelve- 
month period.  There  are  wide  variations;  some 
months  the  successful  inoculations  will  be  very 
great  and  in  other  months  they  will  be  very  few; 
this  is  independent  of  season  and  many  control 
factors.  It  is  tedious  to  explain.  A  man  may  be 
working  on  100  animals  in  a  month,  injecting, 
for  example,  a  colloidal  material,  and  may  see 
this  reaction  or  variation.  He  may  conclude: 
"This  is  what  is  doing  it;  I  have  found  some- 
thing worth  while,"  but  Wood  will  see  these 
great  variations  without  doing  anything  to 
influence  the  animal.  I  repeat,  therefore,  that 
we  must  be  very  careful  about  accepting  the 
conclusions  based  on  a  small  number  of  animal 
experiments. 

In  injecting  active  carcinoma  material  to 
bring  about  "immunity,"  one  must  proceed 
with  much  trepidation,  since  animal  experi- 
mentation demonstrates  that  immunity  does 
not  occur,  but  instead,  wider  dissemination 
and    metastasis,    and    death    to    the   animals. 


Dr.  W.  H.  B.  Aikins,  Toronto,  Ont.  These 
highly  scientific  papers,  which  show  wonderfully 
good  work,  will  give  the  men  who  are  using 
radium  a  better  basis  for  their  clinical  endeav- 
ors, and  we  feel  much  enlightened  and  encour- 
aged. Their  findings  are  absolutely  up-to-date 
so  far  as  radium  therapy  is  concerned.  They 
both  speak  with  authority.  I  quite  concur  with 
Dr.  Withers  in  his  remarks  regarding  the  prop- 
aganda in  connection  with  cancer  control, 
that  this  propaganda  is  apparently  being  put 
forward  very  largely  by  those  having  a  strong 
surgical  view,  who  do  not  take  proper  cogni- 
zance of  the  beneficial  results  obtained  by  roent- 
gen rays  and  radium.  I  hope  Dr.  Withers' 
remarks  will  be  given  wide  publicity. 

Dr.  iMoxTGOMERY.  We  suppose  the  gamma 
rays  act  on  the  tissue  cells  in  the  following  way: 

In  the  first  place,  gamma  rays  are  noxious 
to  all  cell  life  when  given  in  sufficient  dosage. 
The  tissue  cell  consists  of  a  body  and  a  nucleus, 
and  the  nucleus  is  surrounded  by  a  perinuclear 
case  or  membrane,  which  affords  it  protection. 
The  nucleus  is  the  life  center  of  the  cell.  In 
cell  division  the  perinuclear  membrane  vanishes, 
and  the  whole  contents  are  scrambled  within 
the  cell.  During  the  time  of  this  cell  division 
the  nuclear  elements  are  exposed,  and  conse- 
quently the  cell  is  much  more  susceptible  to 
the  noxious  influence  of  the  gamma  rays. 
As  the  cells  in  a  malignant  growth  are  in  more 
active  division  than  those  of  normal  tissue  the 
gamma  rays  kill  them  more  readily,  and  as  a 
rule  they  are  seven  times  more  lesionable  than 
the  normal  cells. 

It  follows  from  the  above  premises  that  treat- 
ing a  malignant  growth  with  gamma  rays  is 
comparable  to  sterilizing  a  culture  medium  by 
fractional  sterilization.  The  cells  which  are  in 
active  division  today  are  killed  by  today's 
dose  of  radium,  and  those  of  tomorrow  by 
tomorrow's  dose,  and  so  on. 

Dr.  H.  J.  Ullmann,  Santa  Barbara,  Calif. 
I  would  like  to  add  a  little  something  to  empha- 
size what  has  been  said  concerning  variations 
in  transplants  in  animals.  On  Thursday  I  had 
the  pleasure  of  visiting  Dr.  Evans  in  the 
department  of  anatomy  at  the  University  of 
California,  to  get  some  rats  for  similar  work. 
He  urged  not  only  that  I  keep  a  standard  diet, 
but  that  the  components  themselves  be  stand- 
ardized. He  has  found  that  variation  in  diet  as 
well  as  seasonal  change  may  make  any  work 
almost  valueless.  This  is  speaking  of  work  with 
rats  especially.  Anyone  interested  will  find  it 
very  profitable  to  go  to  Berkeley  and  see  the 
work  of  Dr.  Evans  and  talk  to  him  along  this 
line. 

Dr.  Bowing.  Again  referring  to  Dr.  Wood's 
work:  he  can  show  \ou  that  verv  seldom  does 
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experimental  carcinoma  metastasize  to  the 
spleen.  He  explains  this  phenomenon  by  the 
tact  that  the  spleen  is  a  pulsating  organ,  there- 
lore  cells  cannot  readily  lodge  to  form  new 
growth.  The  spleen  does  not  produce  a  sub- 
stance which  will  inhibit  the  growth  of  the 
loreign  cell.  The  injection  of  splenic  pulp  will 
not  "immunize"  an  animal  any  more  than  the 
injection  of  any  foreign  protein. 

Dr.  Withers  (closingdiscussion  on  his  paper). 
My  paper  attempted  to  deal  briefly  with  the 
fundamental  principles  of  radiation  therapy  from 
a  biologic  \ie\\  point.  Much  could  be  said  in  clos- 
ing which  for  the  sake  of  brevity  must  be  omitted. 
1  should  like  to  reiterate  a  statement  made 
pre\iously  that  this  resume  necessitates  making 
broad  statements  to  which  possible  exception 
may  be  taken,  but  will  in  general  present  the 
working  ideas  that  we  hold  in  the  treatment  of 
neoplastic    diseases    by    gamma    and    .v-rays. 

Dr.  Schmitz  (closing  discussion  on  hispaper). 
As  far  as  the  removal  of  the  tissue  for  microscopic 
examination  is  concerned,  we  use  a  very  sharp 
knife,  usually  the  Parker  knife,  and  make  a  V- 
shaped  excision  from  the  cervical  canal  into  the 
\agina.  Thus  we  get  a  piece  of  tissue  that  has 
the  cervical  as  well  as  the  vaginal  mucosa. 
Of  course,  there  is  a  great  difference  of  opinion 
as  to  whether  \se  should  perform  a  biopsy  or 
not,  and  I  assure  you  I  always  do  it  with  a 
great  deal  of  hesitation.  Dr.  Ochsner  and  others 
are  averse  to  biopsy,  stating  that  they  never 
saw  a  patient  subjected  to  biopsy  w  ho  recovered 
permanently.  However,  the  immediate  applica- 
tion of  the  cautery  or  radium  seals  the  blood 
vessels  and  prevents  escape  of  cancer  cells  into 
the  blood  stream.  Microscopic  examinations 
are  of  the  greatest  value  in  the  estimation  of 
the  eflicacy  of  the  radium  and  roentgen  dose. 

Dr.  Bowling  (replying  to  Dr.  Schmitz). 
My  point  was  that  when  the  patients  are  first 
seen,  the  tumor  has  so  destroyed  the  anatomy 
that  the  cervix  cannot  be  located.  The  huge 
mass  or  ulcerated  area  will  permit  the  radium 
tube  to  be  placed  in  the  natural  grooves  or 
craters;  and  then  by  repeating  the  treatment 
once  or  twice  a  week  the  tumor  will  regress  to 
such  an  extent  that  at  the  end  of  ten  days  or 
two  weeks  the  cervix  can  be  located,  and 
probably  the  cervical  canal  can  be  probed. 
I  have  seen  the  posterior  or  anterior  cervical 
lips  come  into  view,  and  then  with  some  assur- 
ance that  the  probe  was  in  the  cervical  canal, 
the  fundus  of  the  uterus  could  be  palpated, 
in  other  words,  without  traumatizing  carcinom- 
atous tissue  and  yet  reaching  the  deeper 
portions  of  the  iinoKed  area. 

Dr.  Schmitz  (continuing).  I  believe  the 
cervix  to  be  the  best  filter  for  the  irradiation 
that  we  have,  and  I  insist  on  the  intra  cervical 


application  of  the  radium.  By  placing  the 
patient  under  nitrous  oxid  anesthesia  there  is 
very  little  difficulty  in  exposing  the  cervix  if 
you  use  the  Sims  speculum.  You  can  by  careful 
palpation  locate  the  cervix,  and  if  you  know  the 
hjcation  of  the  uterus  by  bimanual  palpation 
you  can  place  the  uterine  sounds  correctly. 
Of  course,  there  is  always  infection  present  in 
ad\anced  carcinoma,  but  these  patients  have 
acquired  immunity  against  their  own  bacteria 
w  hich  they  harbor.  If  infection  does  occur  it  is 
from  without^  We  made  consecutive  cultures 
in  250  gynecological  eases  to  study  the 
bacterial  flora,  particularly  in  reference  to 
the  hemolytic  streptococcus.  A  great  many  of 
these  patients  were  operated  upon  and  had  a 
normal  convalescence.  A  few  died  from  septic 
conditions.  The  important  thing  was  that  none 
of  the  patients  who  had  hemolytic  streptococci 
became  infected  with  their  own  organism,  but 
became  infected  with  an  entirely  different 
strain. 

I  witnessed  two  post-mortem  examinations 
conducted  by  Professor  AschofT.  In  one  the 
radium  tube  had  been  pushed  into  the  posterior 
\aginal  fornix  and  in  the  other  it  had  gone 
through  anteriorly.  Both  patients  died  from  a 
septic  peritonitis.  The  same  accident  happened 
twice  in  our  clinic.  We  placed  the  patients  in 
bed  and  watched  them  carefully,  and  aside 
from  a  slight  rise  in  temperature  saw-  no  bad 
results.  I  do  not  wish  to  say  that  our  methods 
of  sterilization  are  better  than  those  across  the 
water.  Our  patients  may  ha\e  had  a  better 
resistance,  not  being  undernourished. 

We  introduced  the  fractional  dose  method  in 
1913,  placing  the  radium  capsule  for  ten  or 
twelve  hours  every  third  or  fourth  day  until 
a  certain  amount  of  irradiation  had  been  given. 
Then  we  applied  the  same  dose  in  one  sitting, 
leaving  the  radium  capsule  for  four  days. 
We  did  not  like  the  last  method.  It  seemed  to 
prevent  indi\idualization  in  treatment.  After 
that  we  used  seven  to  eight  daily  applications, 
permitting  the  capsule  to  remain  for  ten  hours 
each  time.  Our  present  method  is  as  follows: 

In  order  to  apply  a  100  per  cent  radiation 
skin  dose  to  the  cervix,  three  or  four  fields  of 
.v-rays  are  applied.  The  time  duration  depends 
upon  the  size  of  the  patient.  We  excise  a  piece 
of  tissue  for  diagnosis  and  insert  a  50  mgm. 
radium  element  capsule  for  forty-eight  hours. 
In  three  or  four  days  we  have  a  complete 
report  on  the  biopsy,  and  then  we  determine 
the  lethal  dosage.  To  a  sc|uamous-cell  type  wf 
gi\e  a  ninety-six  hour  treatment  and  to  the 
basal-cell  type  a  twenty-four  hour  treatment. 
We  ne\er  repeat  the  treatment.  If  within  six, 
eight  or  twehe  weeks  there  is  no  sign  of  healing 
we  feel  that  irradiation  will  not  help  the  patient. 
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''I'^HIS  paper  deals  with  our  experience 
1  in  treating  malignancies  of  the  gastro- 
intestinal tract  with  deep  radiation  for  a 
period  of  over  a  year,  and  is  limited  to 
60  cases.  We  have  elected  to  present 
our  observations  on  this  phase  of  our 
deep  therapy  work  for  two  reasons 


I.  Lesions  of  the  Esophatius.  A  review 
of  the  results  in  our  cases  of  lesions  of  the 
esophagus  shows  that  of  the  6  treated, 
only  I  is  alive.  However,  in  all  the  cases, 
studies  of  deglutition  following  treatment 
demonstrated  a  definite  reduction  in  the 
extent  of  the  lesion  and  a  resulting  improve- 


I.  Because   the   literature   is   barren   of  ment  in  function  of  the  esophagus, 
all    reference   to   results   obtained   by   the  In    analyzing    the    causes    of   death    in 

deep    radiation    of    malignant    neoplasms  the   fatal  cases,   it   is   recorded   that  2   of 

of  the  esophagus,  stomach  and  intestines,  the  cases  died  from  pneumonia  as  a  result 

and  because  there  is  no  available  informa-  of    esophageal-bronchial    fistula,     2     died 


tion  as  to  technique,  indications,  compli- 
cations, etc.,  aside  from  a  few  brief  reports 
on  treatment  with  radium. 

2.  Because,  contrary  to  the  opinion 
generally  held,  satisfactory  results  were 
obtained  In  a  fair  percentage  of  cases, 
not  only  in  controlling  many  of  the 
unpleasant  symptoms,  but  actually  in  con- 
trolling the  extension  of  the  disease  itself, 
and  in  some  cases,  the  eradication  of  the 
disease. 

REVIEW  OF  CASES  TREATED 

Our   series    includes   6   cases    of  cancer 


apparently  from  cachexia,  and  a  5th 
died  suddenly  from  a  cardiac  complication. 
In  all  these  cases  the  lesion  was  localized 
in  the  middle  or  lower  third  of  the  esoph- 
agus; i.e.,  in  a  place  hardly  accessible 
for  the  radiation;  and  only  in  the  6th 
case,  which  is  still  alive,  was  the  lesion 
confined  to  the  upper  third.  This  case 
first  came  for  treatment  eight  months 
ago,  with  enlarged  cervical  glands,  which 
had  a  typical  carcinomatous  appearance, 
but  the  primary  lesion,  although  suspected 
in  the  upper  portion  of  the  esophagus, 
could  not  at  that  time  be  demonstrated. 
The   enlarged    cervical    glands    onlv   were 


of  the  esophagus;   25   cases  of  cancer  of  treated,    and   they   disappeared   promptly 

the    stomach;    4   of  the   cecum;   3   of  the  after   the   treatment.   Two   months   later, 

sigmoid    and     i"    cases   of  cancer   of  the  the     patient     returned     for    examination, 

rectum.  We  have  included  in  this  report  complaining    of  difficulty    in    swallowing. 

I    case  of  a  primary  cancer  of  the   liver.  Examination    at    this    time    revealed    the 


I  case  of  late  secondary  cancer  of  the  liver, 
with  primary  in  the  breast;  and  3  unclassi- 
fied tumors  of  the  upper  abdomen  which 
deformed  the  stomach  and  resulted  in 
delaved  gastric  e\"acuation. 

The  diagnosis  in  every  case  was  made 
on  clinical  and  roentgenological  evidence, 
and  in  many  cases,  on  operative  and 
microscopical    findings.    Furthermore,   the 


presence  of  a  typical  carcinomatous  lesion 
in  the  upper  third  of  the  esophagus  (Fig.  i). 
This  lesion  was  treated  by  deep  radiation 
and  two  months  later  a  disappearance  of 
the  lesion  could  be  demonstrated  (Fig.  2). 
In  4  of  the  cases  treated  we  used  roentgen 
rays  entirely;  in  2  cases  we  applied  radium 
locally  in  addition.  We  think  the  latter 
method    should    be    preferred    whenever 


stomach    cases    were   as    a    rule    classified  possible.   Also   postradiative  dilatation  of 

as    inoperable,    and   several  of  the  rectal  the  esophagus  is  advisable  for  a  number 

cases    had    already    undergone    resection,  of  weeks  following  the  treatment, 
and  the  cases  were  referred  for  treatment         2.  Lesions   of  the  Stomach._    Ot   the   2y 

of  secondaries.  cases    presenting    gastric    lesions,    14    are 
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dead  and  i  shows  no  improNcnient.  Of 
the  remaining,  a  number  are  clinically 
well  and  others  show  improvement  of 
varying  degrees.  In  2  of  the  cases  showing 
marked  defects  at  the  original  examination, 
plate  studies  failed  to  reveal  any  evidence 
of  an  infdtration  of  the  gastric  wall  later. 
Figures  3  and  4,  and  Figures  5  and  6  show 
these  cases. 

In   another  case,  deep  .v-ray  treatment 
was    combined    with   surgery.  The  tumor 


of  pain,  \'omiting,  and  hemorrhages  for  a 
period  of  two  to  six  months.  In  3  of 
the  cases  in  which  ascites  occurred  shortly 
following  repeated  aspirations,  there  was 
a  clearing  up  of  the  abdominal  fluid, 
without  further  recurrence.  (In  this  con- 
nection we  have  obser\ed  that  in  3  other 
cases  showing  ascites,  with  the  primary 
lesion  distinct  from  the  gastrointestinal 
tract,  the  fluid  disappeared  following 
the  treatment  over  the  abdomen.) 


Fig.  I.  Carcinoma  ot  the  upper  third  of  tlu-  esophagus. 
Partial  obstruction  of  the  esophagus  by  tlie  tumor 
mass  at  the  level  of  the  sternoclavicular  region, 
the  barium  mixture  remaining  in  the  part  of  the 
esophagus  above  the  lesion  for  five  or  ten  minutes. 
Beginning  dilatation  of  the  upper  portion  of  the 
esophagus.  Considerable  enlargement  of  the  cervical 
glands  on  the  right  side. 

being  on  the  pylorus  (Fig.  7)  a  resection 
of  the  pylorus  was  done,  together  with 
posterior  gastroiejunostomy,  but  the  micro- 
scopic examination  of  this  specimen  has 
shown  that  the  lesion,  which  was  a  cylin- 
drical-celled carcinoma,  has  extended  be- 
yond the  margin  of  the  excision.  Therefore, 
deep  .v-ray  therapy  was  given,  following 
the  operation,  and  the  patient  has  been 
well  for  more  than  a  year  (Fig.  8). 

Of  those  who  died,  3  died  within  ten 
days  following  the  treatment.  Of  the 
rest,  it  is  reported  tliat  they  were  reliexed 


Fig.  2.  Same  lesion,  two  months  after  deep  .\-ray 
treatment.  Normal  lumen  of  the  esophagus  at  the 
site  of  the  lesion.  No  obstruction  and  no  retardation 
of  the  barium  mixture  above  the  lesion.  No  difficulty 
in  swallowing.  The  enlargement  of  the  cer\ical 
glands  has  disappeared.  This  plate  was  made  by 
flash  exposure  while  patient  was  swallowing  the 
barium  mixture. 

3.  Lesions  0/  the  Intestinal  Tract.  In 
all  4  cases  of  cancer  of  the  cecum,  the 
results  were  gratifying,  3  of  them  being 
alive  after  one  year,  and  the  condition 
of  the  patients  showing  impro\  ement  o\  er 
that  at  the  time  of  the  original  treatment. 
Of  the  3  cases  of  involvement  of  the  splenic 
flexure  and  sigmoid,  the  patients  are 
ali\'e,  and  their  condition  shows  clinical 
improvement. 

4.  Lesions  oj  the  Rectum.  Of  the  rectal 
cases,  0  patients  are  dead,  and  the  remain- 
ing 8  show  either  improvement  or  a  com- 
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plete  control  of  the  signs  and  symptoms 
(Figs.  9  and  10)  with  one  exception,  where 
a  %  rectovaginal  fistula  developed  as  a 
result  of  the  treatment.  This  case  gave  a 
history  of  tumor  of  the  breast  of  a  car- 
cinomatous nature.  After  two  years  there 
was  e^"idence  of  a  cancer  of  the  uterus, 
and  later  a  cancer  of  the  lower  bowel. 
The  patient  had  had  radium  treatment, 
superficial  x-ray  treatments,  and  four 
months  ago  a  resection  of  8  in.  of  the 
lower  large  bowel.  About  four  weeks  ago, 


inoperable  and  instead,  a  specimen  was 
taken  for  microscopic  examination.  This 
showed  multiple  primary  carcinoma  of 
the  li^■er,  springing  from  multiple  adenoma 
of  the  bile  ducts.  Immediately  after 
the  deep  .v-ray  treatment  all  the  symptoms 
subsided;  patient  gained  30  lbs.,  and 
has  been  well  ever  since.  Repeated  func- 
tional tests  of  the  liver  were  made  and 
these  showed  normal.  The  patient  has 
been  back  at  work  now,  tor  a  period  of 
over  a  year. 


Fig.  3.  Carcinoma  of  the  lesser  curvature  of  the  stomach. 
Constant  defect  in  the  middle  third  of  the  lesser 
curvature,  with  irregular  outlines.  Atonic  stomach. 
Patient  rapidly  losing  weight. 

there  was  a  rapid  recurrence  of  the  pelvic 
tumor,  a  large  mass  being  discovered 
between  the  colon  and  the  uterus.  Three 
weeks  following  a  full  carcinomatous  dose, 
this  mass  broke  down  and  discharged 
through  the  vagina.  The  patient  now  has 
a  fistulous  tract  connecting  the  sigmoid 
and  vagina. 

5.  Lesions  of  the  Liver.  We  have  treated 
the  liver  by  deep  roentgen  rays  in  i  case 
of  primary  carcinoma  and  In  several 
cases  of  secondary  metastases.  The  case 
of  primary  carcinoma  of  the  liver  was 
In  a  young  woman,  thirty-two  years  of 
age.  The  patient  was  examined  by  incision 
one   and    one-half   years    ago,    but    found 


Fig.  4.  Same  eight  months  after  deep  .\-ray  treatment. 
Defect  has  disappeared.  Three-wave  peristalsis; 
normal  appearance  of  the  stomach.  Patient  gained 
36    lbs.    and    is    without    any    symptoms. 

While  secondary  metastases  of  the  liver 
were  treated  successfully  in  a  number  of 
cases,  however,  the  final  prognosis  in 
these  cases  is  not  good.  In  one  of  our 
cases,  operation  was  performed  eight 
months  ago  for  carcinoma  of  the  sigmoid. 
At  the  operation  a  large  tumor  mass 
of  the  sigmoid  was  found  with  extensixe 
metastases  to  the  li\er.  Consequently, 
the  patient  was  declared  inoperable  and 
only  a  colostomy  was  made.  Following 
a  heroic  radiation  of  the  whole  abdomea 
and  the  liver,  the  patient's  condition 
improved  so  much  that  six  months  later 
removal  of  the  remaining  carcinoma  of 
the   sigmoid  was   made,   and   the   patient 
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is  now  without  any  symptoms.  In  another 
case,  where  we  treated  the  liver  for 
metastases,  the  primary  lesion  was  in  the 
breast.  Radical  operation  of  the  breast 
was  performed  two  years  ago,  without 
local  recurrence.  But,  two  years  later, 
metastases  developed  in  the  liver  and 
abdomen  with  accompanying  ascites.  Fol- 
lowing deep  radiation,  the  liver  is  reduced 
to    almost    normal    size,    the    ascites    has 


second  unclassified  case  there  was  a  large 
upper  right  quadrant  mass  which  deformed 
the  stomach  (Fig.  13J  but  was  apparently 
not  of  the  stomach;  there  was  a  twenty- 
four  hour  residue  and  the  patient  was 
reduced  to  "^5  lbs.  Following  the  treatment 
there  was  a  gradual  Improvement  in  her 
symptoms,  and  at  this  date  she  weighs  40 
lbs.  more  than  at  the  time  of  beginning  the 
treatment,    and    has   no   untoward   symp>- 


Fig.  5.  Carcinoma  of  the  lesser  curvature  ol  the  stomach. 
Large  filling  delect  extending  along  the  greatest 
part  of  the  lesser  curvature.  Indelinite  contour 
of  the  pylorus.  Viewed  laterally,  the  stomach  shows 
irregularity  of  the  anterior  wall.  There  is  no  evidence 
of  peristalsis.  Patient  rapidly  losing  weight. 


disappeared  and  the  patient's  condition 
is  greatly  Impro\ed  (Figs.  11  and  12). 
6.  Unclassified  Lesions.  In  the  unclassi- 
fied cases,  one  was  apparently  a  tumor  of 
the  pancreas  with  Involvement  of  the 
biliary  tract,  with  resulting  jaundice.  At 
the  time  of  bcguining  the  treatment,  the 
patient  could  retain  no  food,  and  was 
completely  prostrated;  but  after  the  reac- 
tion from  the  treatment,  there  was  a  rapid 
return  to  health.  The  patient  remained 
well  for  eight  months,  when  there  was  a 
return  of  the  jaundice.  Following  a  second 
scries,  the  symptoms  again  cleared.   In   a 


Fig.  6.  Same  nine  months  after  deep  x-ray  treatment. 
Normal  outline  of  the  stomach.  Two-wave  peristalsis. 
Patient  gained  20  lbs.  and  is  without  any  symptoms. 
(Note.  This  patient  has  recently  developed  lung 
and  pleural  metastases,  and  died  as  a  result,  one 
year  after  the  deep  v-ray  treatment  was  given. 
The  stomach  remained  normal.) 

toms.  The  plate  at  this  time  shows  no 
pressure  defect  on  the  stomach,  and  there 
Is  a  good  rate  of  gastric  e\acuation 
(Fig.  14).  _ 

A  third  unclassified  case  was  a  deforming 
lesion  of  the  stomach  and  duodenum, 
probably  from  a  retroperitoneal  lympho- 
sarcomatous  gland.  The  patient  had  lost 
100  lbs.  In  weight  and  presented  symptoms 
suggesting  pressure  on  the  pancreatic  duct. 
Twenty-four  hours  following  the  first  dose, 
there  was  a  reduction  In  the  size  of  the 
tumor,  and  In  four  days  no  defect  of  the 
stomach  was  demonstrated. 
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TECHNIQUE 

I.  Locali/.ation  oj  the  Lesion.  It  is 
extremely  important  that  the  exact  local- 
ization and  extension  of  the  lesion  be  made 
before  deep  therapy  is  undertaken,  and  all 
diagnostic  means  should  be  used  in  order 
to  determine  this.  Preliminary  gastro- 
intestinal   examination   b\'   means  of    the 


unnecessary    secondary    radiation    of    the 
bowel  mucosa  from  the  barium. 

We  find  it  advisable  to  put  the  patient 
on  a  fat  and  acid-free  diet,  and  to  pre- 
scribe alkalies  during  the  treatment,  so  as 
to  combat  the  acidosis.  In  cases  with  the 
nervous  symptoms  predominating,  mor- 
phine or  other  sedatives  may  be 
administered,    but    as    a    rule    this    medi- 


FlG.  7.  Carcinoma  of  the  pyloric  end  ot  tlie  stomach 
(microscopically,  cylindrical-celled).  Five-hour  plate, 
showing  about  80  per  cent  gastric  residue  and  the 
presence  of  an  annular  lesion  at  the  pylorus.  Patient 
rapidly  losing  weight. 

barium  meal  was  used  as  a  routine  measure, 
and  wherever  possible,  an  exploratory 
was  done,  and  if  the  case  was  at  all  operable 
the  surgical  indications  were  carried  out. 
In  these  cases  combining  surgery,  the 
tumor  was  localized  with  the  aid  of  the 
surgeon,  and  the  extent  of  the  lesion  was 
projected  on  the  skin  surface. 

2.  Preparation  of  the  Patient.  The  gastro- 
intestinal tract  should  be  empty  during 
the  exposure  of  the  patient  to  radiation. 
If  previously  a  barium  meal  was  given  for 
examination,  this  should  be  removed  by 
purgatives  or  enemata,  so  as  to    pre\ent 


Fig.  8.  Same,  one  year  after  deep  x-ray  treatment, 
combined  with  resection  of  the  pyloric  end  of  the 
stomach.  No  evidence  of  any  malignant  infiltration. 
Stomach  functioning  well.  Patient  gained  25  lbs. 
and  is  without  symptoms. 

cation  increases  the  nausea.  Therefore  we 
prefer  to  avoid  the  administration  of  such 
drugs,  whene\er  possible. 

A  preliminary  blood  examination  should 
be  made  in  every  case.  A  low  red  cell 
count  or  a  low  hemoglobin  index  does  not 
contraindicate  treatment,  for  in  cases  of 
cancer  of  the  stomach  hemorrhage  is  a 
common  symptom,  and  there  Is  a  tendency 
for  the  deep  therapy  to  control  these 
hemorrhages.  In  one  case  with  a  far- 
advanced  carcinoma  of  the  stomach  the 
blood  count  by  repeated  examinations 
showed  only  300,000  red  blood-cells.  Imme- 
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Fic.  0.  Carcinoma  of  the  rectum.  Definite  filling  delect 
in  the  lower  portion  of  the  rectum,  due  to  obstruction 
by  the  tumor. 


Fig.  10.  Same,  five  months  after  deep  x-ray  treatment 
combined  with  radium.  Lesion  almost  entirely 
disappeared.    Good    filling    of   the    rectum.    Patient 

.symptomless. 


Fir,.  II.  Metastatic  carcinoma  of  iiver,  omcntimi 
and  lower  part  of  right  lung  after  carcinoma  of 
breast  rcnunid  two  years  ago.  The  right  diaphragm 
leaf  IS  considerably'  pushed  up  as  a  result  of  the  liver 
enlargement.  Two  metastatic  noduli  visible  in 
the  lower  part  of  the  right  lung  lield.  The  lower 
border  of  the  liver  reached  as  far  as  the  right  iliac 
crest.  Ascites;  marked  cachexia. 


Fic.  12.  Same,  three  months  after  deep  v-ray  therapy. 
There  is  normal  height  of  the  right  diaphragmatic 
leaf  Metastatic  noduli  in  the  lower  part  of  the  right 
lung  disappeared.  Lower  border  ol  the  liver  almost 
normal.  Ascites  disappeared.  Patient  gained  about 
20  lbs.  Condition  very  much  improved. 
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diately  following  the  treatment  there  was  a 
gradual  impro\ement  in  the  blood  con- 
dition and  this  improvement  was  main- 
tained. The  patient  lived  three  months 
after  the  treatment,  and  all  of  his  symp- 
toms during  that  time  were  under  control. 
In  this  case  the  red  blood  count  increased 
to  800,000  within  a  week  of  the  treatment, 
and  this,  we  belie^•e,  was  due  both  to 
control  of  the  hemorrhage  and  the  possible 
stimulation  of  the  spleen  from  the  scattered 
radiation. 


40  to  60  cm.  The  etfective  wave-length  of 
the  rays  produced  under  these  conditions 
is  X,//.  =  0.137  A.U.  (using  Duane's 
table)  and  at  a  50-cm.  skin  target  distance, 
the  depth  dose  (10  cm.  below  the  skin)  = 
45  per  cent.  \\'e  found  that  the  determin- 
ation of  the  distribution  of  the  intensity  of 
the  rays  at  different  depths  of  the  tissues 
is  a  very  important  factor  and  therefore 
it  should  be  determined  individually  for 
every  installation  under  all  conditions  to 
be   used;   such   as   when  changing  filters, 


Fig.  13.  Malignancy  of  the  upper  right  quadrant; 
exact  type  not  determined.  Because  of  the  far- 
advanced  age,  no  laparotomy  was  possible.  There 
is  marked  pressure  defect  of  the  lesser  curvature 
of  the  stomach,  with  80  per  cent  gastric  residue  at 
five  hours',  and  about  30  per  cent  residue  at  twenty- 
four  hours'  examination.  A  large  tumor  mass,  the 
size  of  a  pineapple,  is  palpable  in  the  right  upper 
quadrant.  Patient's  condition  is  rapidly  deteriorating. 

3.  Dosage.  In  all  gastrointestinal  car- 
cinomata,  we  project  as  much  as  i  lo  to  130 
per  cent  of  the  skin  erythema  dose  over 
the  lesion,  and  over  the  secondaries,  if 
present.  This,  of  course,  has  to  be  given 
through  se\'eral  portals  of  entry,  using  the 
cross-fire  method.  We  have  confined  our 
treatment  to  the  following  factors:  200,000 
volts  (peak),  with  1.3  mm.  Cu.  and  i  mm. 
Al.  filters,  large  portals  of  entry  (20  X  20 
cm.)  the  skin  target  distance  varving  from 


Fig.  14.  Same,  nine  months  after  deep  .v-ray  treatment. 
Pressure  defect  of  the  stomach  has  disappeared. 
Normal  appearance  of  the  stomach  with  normal 
rate  of  evacuation.  No  tumor  mass  is  palpable 
in  the  abdomen.  Patient  gained  40  lbs.  and  is  without 
any  sjmptoms. 


size  of  fields,  skin  target  distance  etc.  We 
found  that  by  using  the  different  so-called 
"intensity  charts"  now  on  the  market, 
without  control-measurements  and  adap- 
tation to  one's  own  installation,  grave 
errors  may  be  committed;  and  this,  of 
course,  greatly  influences  the  results  to  be 
obtained.  At  the  beginning,  we  used  the 
Dessauer-Vierheller  charts,  which  are  the 
most  commonly  used,  but  soon  we  found 
that  the  figures  on  these  charts  are  too 
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high  for  American  transformers,  and  that 
the  patients  treated,  using  the  calcu- 
lations of  these  charts,  are  far  under-dosed. 
For  the  conditions  mentioned  above,  for 
example,  the  Dessauer-Vierheller  charts 
indicate  a  depth  dose  of  56  per  cent,  which 
for  a  lesion  lying  10  cm.  below  the  skin  and 
cross-fired  through  three  portals  of  entry 
makes  a  total  difference  of  over  30  per 
cent.  Such  an  underdosage  of  the  lesion 
would  not  produce  the  biological  reaction 
desired,  and  in  consequence  the  results 
would  not  be  the  ones  expected.  Dr. 
Glasser  explains  in  detail  the  reason  of 
these  differences  in  the  measurements,  and 
he  arrived  at  the  conclusion  that  it  is 
mainly  due  to  the  measuring  of  the  coef- 
ficient of  weakening  Miv.i/ir  which  is  used 
in  the  Dessauer-Vierheller  charts  for  the 
characterization  of  the  quality  of  the  rays. 
It  is  certain  that  by  using  Dessauer  or  any 
other  intensity  charts  for  measuring  the 
dosage  to  be  administered,  an  adaptation 
of  these  charts  to  one's  own  installation 
is  more  than  necessary. 

With  regard  to  the  administration  of 
the  dose,  we  think  it  should  be  gi\en  in 
as  short  a  time  as  possible;  but  in  cases 
where  marked  anemia  is  present  as  a 
result  of  severe  cachexia,  the  treatment 
should  be  prolonged  and  time  should 
be  given  the  patient  between  the  treat- 
ments to  absorb  part  of  the  destroyed 
tissues. 

4.  Repetition  of  Treatments.  Our  experi- 
ence is  that  such  a  massive  dose  given 
in  one  single  series  cannot  be  considered 
as  a  "killing  dose"  and  a  repetition  of 
the  treatment  is  necessary.  Usually  the 
reaction  following  the  projection  of  such 
a  dose  is  so  severe  that  it  persists  for 
several  weeks.  Therefore,  it  is  only  rarely 
possible  to  repeat  the  treatment  earlier 
than  two  months  after  the  first  treatment. 
Eight  to  twelve  weeks  is  the  usual  time 
before  the  patient  returns  to  normal 
condition.  A  careful  examination  of  the 
blood  and  of  the  bowel  function  is  neces- 
sary before  a  repetition  of  the  treatment 
is  decided  upon.  If  the  blood  pictures 
have  not  yet  returned  to  normal,  that  is, 
to  the  state  where  they  were  before  the 
first  treatment  was  given,  or  if  the  patient 
still  shows  signs  of  disturbed  bowel  func- 


tion, under  no  condition  should  the  treat- 
ment be  repeated.  In  2  of  our  cases, 
because  of  the  very  rapid  spreading  of 
the  cancer  lesion,  we  disregarded  these 
rules  and  both  patients  died  ten  days 
following  the  second  exposure.  We  could 
not  determine  in  these  2  cases  the  exact 
cause  of  death,  but  we  concluded  that  it 
was  due  to  too  early  application  of  the 
second  dose. 

5.  Damage  oj  Normal  Tissues  during 
the  Exposure.  In  treating  malignancies 
of  the  difierent  parts  of  the  gastrointestinal 
tract,  we  expose,  of  course,  normal  tissues; 
and  due  regard  must  be  paid  to  these 
structures. 

(a)  When  treating  lesions  of  the  esopha- 
gus, the  exposure  of  the  lungs  should  be 
avoided  as  much  as  possible.  The  lesion 
should  be  cross-fired  through  the  different 
portals  of  entry  in  such  a  way  that  very 
little  of  the  lung  fields  should  be  exposed. 
It  is  now  generally  recognized  that  hea\  \ 
radiation  of  the  lungs  produces  fibrosis 
of  these  organs,  which  in  cases  of  exposure 
of  both  sides  may  be  fatal  to  the  patient. 

ib)  In  the  treatment  of  lesions  of  the 
stomach,  or  of  the  upper  quadrants  of 
the  abdomen,  especial  attention  should 
be  given  to  the  suprarenal  glands,  for 
over-radiation  of  these  organs  may  pro- 
duce death  in  comparatively  few  days. 
It  has  been  determined  that  70  per  cent  of 
the  skin  erythema  dose  over  both  supra- 
renals  is  usually  fatal.  In  one  of  our  cases, 
following  three  exposures  of  the  upper 
abdomen,  such  a  severe  suprarenal  dis- 
turbance appeared  that  we  had  to  interrupt 
the  treatment.  The  blood-pressure  in- 
creased from  120  to  260  in  three  hours 
and  the  patient  manifested  severe  toxic 
symptoms.  However,  no  permanent  dam- 
age was  done  in  this  case  because  the 
patient  has  fully  recovered  and  has  re- 
mained well  after  four  months.  \\'hilc 
it  is  not  always  possible  to  protect  abso- 
lutely both  of  the  suprarenals,  it  is  ot 
the  greatest  importance  that  one  be  left 
outside  of  the  field  of  radiation.  In  order 
to  determine  the  exact  situation  of  these 
organs,  we  usually  locate,  radiographically, 
the  position  of  the  kidneys  and  then 
draw  conclusions  as  to  the  relation  of 
the    suprarenal    bodies.    In    none    of  our 
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cases  of  carcinoma  ot  the  stomach  did 
we  detect  symptoms  that  could  be  ex- 
plained by  suprarenal  disturbance. 

(c)  Due  regard  must  be  had  for  the 
mucous  membrane  of  the  intestines,  when 
treating  lesion  of  the  intestinal  tract. 
140  per  cent  of  the  skin  erythema  dose 
is  considered  as  the  lowest  hmit  supported 
by  the  mucosa  of  the  large  intestines  with- 
out serious  destruction.  If  diarrhea  appeared 
ten  days  after  the  treatment  and  lasted 
for  two  or  three  days,  this  is  a  sign  that  a 
proper  dose  was  given  over  the  lesion. 
Where  the  dose  exceeds  140  per  cent  of 
the  erythema  dose,  serious  damage  will 
be  done  to  the  intestinal  mucosa.  If  there 
is  evidence  of  such  serious  injury  to  the 
mucosa  at  the  time  of  the  first  series  the 
dose  given  at  the  second  series  must  be 
definitely  limited. 

{d)  In  none  of  our  cases  ha\e  we  had 
any  permanent  damage  done  to  the  skin. 
In  some  hypersensitive  patients  we  get 
erythema  of  the  second  degree,  but  this 
is  easily  and  satisfactorily  controlled  by 
Dodds'  mixture.  By  using  proper  tech- 
nique, the  possibihty  of  skin  damage  is 
so  minimized  that  this  question  can  be 
entirely  disregarded. 

6.  Postradiative  Treatment.  In  treating 
malignancies  of  the  esophagus  there  is  a 
profound  reaction  manifested  by  dysphagia 
and  spasm  with  intensi\e  pain  on  swallow- 
ing. Anodynes  should  be  administered 
in  these  cases  and  regular  two-hour  feed- 
ings  by  soft  diet   should   be   introduced. 

After  the  treatment  of  carcinoma  of 
the  stomach  or  of  the  intestinal  tract, 
there  is  usually  a  very  severe  nausea 
and  vomiting  for  two  or  three  days  follow- 
ing the  treatment.  To  control  these  symp- 
toms it  is  necessary  for  the  patient  to 
lie  absolutely  quiet  In  a  well-ventilated 
room,  and  alkalies  (bicarbonate  of  soda, 
tribasic  citrocarbonate,  etc.)  should  be 
administered     in    order    to     combat    the 


acidosis.  The  application  of  Ice  bags  over 
the  abdomen  will  also  greatly  relieve 
the  symptoms.  The  administration  of 
cerium  oxalate  In  combination  with  essence 
of  pepsin  often  relieves  nausea.  In  very 
far-ad\anced cases,  hypodermoclysis should 
be  done  every  two  or  three  days,  in  order 
to  facilitate  elimination  of  the  toxins. 
Also  rectal  feedings  should  be  given. 
The  symptoms  of  the  reaction  following 
the  treatment  usually  last  from  three  to 
four  weeks,  and  only  then  does  the  con- 
dition of  the  patient  start  the  return  to 
normal. 

CONCLUSIONS 

1.  Deep  .v-ray  therapy,  in  combination 
with  surgery,  or  alone.  Is  indicated  in 
all  malignancies  of  the  gastrointestinal 
tract. 

2.  Palliative  results  are  obtained  in  a 
large  number  of  cases,  in  controlling  many 
unpleasant  symptoms  and  checking  tem- 
porarily even  the  extension  of  the  disease 
Itself. 

3.  Eradication  of  the  disease  may  be 
expected  In  early  cases,  especially  when 
combined  with  surgery.  Considering  the 
short  period  of  observation  (one  year) 
no  statement  can  be  made  as  regarding 
recurrences. 

4.  A  careful  measurement  of  the  dose 
to  be  given  is  necessary.  One  single 
massne  dose  of  deep  .\-ray  cannot  be 
considered  as  a  "killing  dose."  Treatment 
should  be  repeated  In  six  to  twelve  weeks. 

5.  Exact  localization  of  the  lesion,  prep- 
aration of  the  patient,  and  careful  post- 
radiative  treatment  are  very  Important 
parts  of  a  successful  deep  x-ray  treatment 
of  the  gastrointestinal  lesions. 

6.  Normal  tissues  should  be  protected. 
Special  attention  should  be  given  to 
the  lungs,  suprarenal  bodies  and  the 
bowel  mucosa.  The  skin  damage  Is  mini- 
mized to  almost  nothing. 


TREATMENT  OF  A  CASE  OF  PRLMARY  MEDL\STINAL 

TUMOR  OF  THE   LUNG   BY   XT^AYS  AFTER 

MEDICAL  RESOURCES  WERE 

EXHAUSTED* 


BY    FRED    S.    EVELETH,    M.D. 

CONCORD,    NEW    HAMPSHIRE 


''I^HE  importance  of  making  a  thorough 
J-  physical,  chemical  and  x-ray  examina- 
tion of  every  doubtful  case  is  being  more 
and  more  emphasized  by  the  medical 
profession  and  demanded  by  the  laity 
of  the  present  day. 

The  x-ray  man  has  his  difficulties  in 
differentiating  positively  certain  patho- 
logical lesions.  He  cannot  be  too  certain 
of  any  lesion  without  the  proper  presenta- 


presented,  one  might  consider  the  area 
of  increased  density  due  to  a  caseating 
brachiobronchial  gland,  aneurysm  or  a 
benign  or  malignant  growth.  To  the  patient, 
the  correct  and  early  diagnosis  is  most 
important  before  the  area  could  grow 
larger,  or,  if  malignant,  before  there  is 
danger  of  metastasis. 

This  case  is   interesting  because  of  its 
history  and  the  apparent  successful  results 


Fig.  I.  Made  May  15,  1920.  Shows  a  definite,  smooth,  Fig.  2.  Made  July  17,  1920.  Shows  the  area  of  increased 

elliptical  shadow  just  opposite  the  arch  of  the  aorta.  density   decreasing   in   size   in   all   directions.   Large 

Diameter    of    the    large    blood-vessels    and    tumor  blood-vessels  and  tumor  measuring  7.3  cm. 
measures  9  cm. 


tion  of  the  clinical  side  of  the  case  and  a 
thorough  knowledge  of  the  differentiation 
of  similar  shadows.  It  is  interesting  to 
observe  how  rapidly  certain  pathological 
lesions  of  the  lungs  are  being  differentiated 
and  classified,  but  we  shall  always  have 
certain  exceptions  to  the  general  rules,  and 
many  conditions  are  complicated. 

I  wish  to  add  another  to  the  many 
already  reported  cases  of  intrathoracic 
shadow  arising  from  the  mediastinum; 
presumably  a  primary  mediastinal  tumor. 
From    the    roentgenogram    of   the    chest 


of    x-ray     therapy 
procedures  failed. 


after     other     medical 


CASE  REPORT 

Male,  American,  fifty-two  years  old, 
employed  as  a  section-hand  on  the  railroad, 
height  5  ft.,  9  in.,  weighing  138  lbs.  on  May 
15,  1920.  His  family  history  is  negative. 
He  has  a  marked  cachectic  appearance 
and  sallow  complexion  with  a  history 
of  progressive  increasing  weakness  and  loss 
of  weight  (lost  6  lbs.  during  the  previous 
month).  He  is  very  nervous  from  constant 
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coughing,  shortness  of  breath  and  pressure 
effects. 

This  cough,  he  states,  started  twelve 
years  ago  in  the  springtime.  At  first  this 
irritation  would  subside  in  the  summer 
season  and  then  return  m  the  fall  and 
winter.  He  has  had  the  persistent,  irri- 
tating cough  all  the  time  for  the  last  four 
or  five  years.  The  sputum  is  negative  as  to 
tuberculosis,  and  there  has  been  no  dis- 
colored sputum  at  any  time,  nor  could  I 
solicit  the  record  of  his  havmg  had  a 
temperature  at  any  time,  nor  any  palpable 
glands  in  the  neck  or  other  location. 


Fig.  3.  Made  ScptL-mbtT  21,   iy2u.  Tujnur  shadow  has 
practically   disappeared. 

The  patient  was  thoroughly  examined, 
with  the  following  report: 

"With  the  patient  on  the  left  side  one 
can  hear,  in  the  third  interspace  in  the 
third  mid-clavicular  region,  when  he  has 
blown  out  his  breath  and  held  it,  a  loud 
systolic  murmur  in  this  area.  The  question 
was  raised  at  once  of  the  possibility  of 
there  being  an  aneurysm,  based  on  a  luetic 
aortic  infection." 

He  had  been  treated  for  lues  several 
jears  ago  with  a  course  of  "606."  At 
present  he  has  a  negative  Wassermann 
test.  Mercury  was  gl\en  without  impro\e- 
ment. 

The  patient  said  he  had  typhoid  fever 
in  the  fall  of  1919. 

On  making  a  fluoroscopic  and  plate 
examination  at  this  time  I  found  the 
following:     A     rounded     mass     extending 
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upward  and  outward  from  just  above  the 
arch  of  the  aorta  on  the  right.  I  was 
unable  to  get  definite  pulsation,  corre- 
sponding to  the  pulsation  of  the  arch.  In 
the  plates  taken  an  elliptical  mass  is  seen 
on  the  right;  it  extends  from  the  inner 
border  of  the  fourth  rib  posteriorly  down 
to  the  seventh  interspace  posteriorly.  It  is 
more  in  front,  and  extends  out  about  2  in. 
from  the  median  line;  its  border  is  perfectly 
smooth,  while  that  with  the  aorta  shows  a 
pulsation  and  is  somewhat  hazy. 

Doubtless  this  is  a  new  growth  rather 
than  an  aneurysm.  The  trachea  is  not  dis- 
placed and  comes  down  in  the  median 
line  between  this  and  the  aorta;  the  lungs 
are  otherwise  normal. 

A  roentgenogram  of  the  heart  taken  " 
ft.  from  the  target  shows  its  shadow  within 
normal  limits.  The  apex 
is  under  the  sixth  rib,  8.2  ^  ^^^TKj 
cm.  to  the  left  of  the 
median  line.  Long  diam- 
eter of  the  heart  14.8 
cm.  Transverse  diameter 
13.6  cm.  Diameter  of  the 
great  blood-vessels  6  cm.  '^'^ 
Diameter  of  the  great  Fi(;.4.Sho\vstlu- dia- 
blood-^•essels  and  tumor  ^:!^t:;:,rZ:^ 
shadow  9  cm.  Diameter  target  distance  of  7  ft. 
of   the    chest    28.5    cm. 

Treatment.  After  the  first  deep  .v-ray 
treatment  the  irritating  cough  began  to 
lessen,  and  the  patient  impro\ed  steadily 
both  in  weight  and  strength,  treatments 
being  given  directly  over  the  mediastinum 
and  occasionally  over  the  right  supra- 
cla\icular  region,  also  through  the  back 
toward  the  mediastinum. 

Roentgenograms  of  the  heart  were  taken 
7  ft.  from  the  target,  two  months  apart 
for  a  time,  showing  gradual  disappearance 
of  the  mediastinal  tumor. 

Treatments  were  given  at  intervals  of 
three  weeks  from  May  15,  192010  August, 
1920,  using  8' 2  in-  spark-gap  with  4  mm. 
Al.  and  a  thickness  of  sole  leather  for 
filters,  and  using  a  10  In.  anode  distance, 
and  25-30  ma.  min.  The  patient  gained  In 
weight  from  138  to  160  lbs.  The  treatment 
was  lengthened  to  once  a  month  for  three 
months,  after  which  he  was  given  a  rest 
of  three  months.  In  February,  1921,  the 
patient  called  my  attention  to  two  palpa- 


8o4 


Results  with  Modern  Radiotherap\    in  Bladder  Tumors 


ble  infected  lymph-nodes  the  size  of 
English  walnuts  in  the  left  supracla\'icular 
region,  which  area  I  had  not  treated 
previously.  I  was  hoping  one  of  these  glands 
might  be  removed  for  diagnostic  purposes; 
but  the  patient  objected,  and  after  two 
treatments  by  the  x-ray  alone  one  month 
apart,  these  disappeared. 

The    patient    reported    in    September, 

1 92 1,  when  I  could  see  no  evidence  of  the 
malady,  and  again  on  April  28,  1922.  He 
tells  me  he  weighed  206  lbs.  in  January, 

1922,  when  his  physician  advised  him  to 
restrict  his  diet. 

Note.  September  29,   1923.  I  have  seen 


this  patient  latel\'.  The  tumor  has  not 
returned,  and  while  he  is  working  everv 
day,  he  is  rather  weak. 

It  is  interesting  to  note  how  long  this 
man  showed  definite  signs  of  pressure 
symptoms  (twelve  years)  and  how  slowly 
the  mediastinal  shadow  increased  in  size. 
The  appearance  of  this  area  of  increased 
density  does  not  show  the  infiltratixe 
appearance  of  a  carcinoma,  but  a  definite, 
smooth  enlargement.  His  extreme  asthenic 
condition  gradually  lessened  after  .v-ray 
treatments  were  given.  He  now  has  the 
appearance  of  a  perfectly  healthy  man  with 
a  normal  endurance. 


RESULTS  WITH  MODERN  RADIOTHERAPY  IN 
BLADDER  TUMORS* 


BY    CHARLES    GOOSMANN,    M.D. 

CINCINNATI,    OHIO 


IN  checking  up  the  results  of  the  first 
year  of  high  voltage  roentgen  treatment 
of  bladder  tumors,  the  15  cases  under 
treatment  in  that  period  (ending  Nov- 
ember, 1922)  showed  six  failures  and  nine 
successful  results.  All  cases  in  which  the 
tumor  was  no  longer  visible  on  cystoscopic 
examination  were  counted  successful, 
though  some  of  these  may  show  future 
recurrence.  None  of  the  tumors  were 
submitted  to  microscopic  examination. 
As  Cabot  says:^  "There  has  been  an 
interesting  change  of  opinion  regarding 
the  relative  frequency  of  benign  and  malig- 
nant papillomata  .  .  .  The  trend  of  opin- 
ion, today,  is  unquestionably  to  consider 
as  malignant  the  majority  of  papillomata, 
and  that  ultimately  all  papillomata  tend 
to  become  malignant."  And  Keyes  writes:'- 
"  Papilloma  of  the  bladder  is  often  a  malig- 
nant growth,  even  when  the  microscope 
reveals  no  malignancy  about  it."  AH 
our  cases  were,  therefore,  considered  at 
least  potentially  malignant. 

RESULTS 

The    15  ]:)atieiUs  are  di\  idcd   into  three 
groups,     according     to     the     treatment: 

»  Cauot,  II.  Modern  Urolony.  Philadelphia,  igi8,  ii.  lyS. 
-  Kkyks.  E.  L.  Urologi'.  New  York.  1917.  p.  49s. 
•  Read  at  the  Fourth  .Annual  Meeting  of  the  Central  Section 

Feb.  24. 


Group  I  includes  3  cases,  all  failure^. 
All  of  these  had  roentgen  treatment,  but 
no  radium,  before  coming  to  me. 

Group  n  consists  of  3  cases,  with  one 
success.  Each  of  these  had  a  preliminary 
suprapubic  cystotomy.  The  successful  case 
had  the  tumors  cauterized  through  the 
bladder  opening.  Of  the  two  failures  one 
had  radium  tubes  inserted  in  the  bladder 
and  the  other  had  radium  needles 
embedded    in    the    tumor  at  the  trigone. 

Group  three  contains  9  cases  with  one 
failure.  All  of  these  had  what  I  would 
call  the  preferred  treatment — high  voltage 
roentgen  rays,  combined  \Mth  radium,  as 
described  under  technique.  Three  ot  the 
8  successful  cases  in  this  group  had 
fulguration  treatment  after  radiotherapy. 
One  of  them  undoubtedl>'  needed  the 
fulguration,  as  the  tumors  were  not  gone 
after  two  courses  of  radiotherapy.  The 
other  2  had  only  one  course  of  radiotherapy ; 
and  in  one  of  them,  at  least,  the  improve- 
ment was  so  marked  that  the  tumor  would 
probably  ha\e  disappeared  completely 
after  another  similar  treatment.' 

One  of  the  successful  cases  of  this  group 

'  This   patient   has  had  a   recurrence  in   spite   of  numerov. 
fulguration  treatments;  and  received  a  second  course  of  radi 
therapy  in  May,  1922. 

of  The  .American  Roentgen  R.\y  Societv.   Louis\-ilIe.    K\-.. 
1923. 
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was  still  blccdinfi  six  \veel<s  after  treatment. 
The  tumor  was  only  slightly  smaller.  As 
the  patient  was  unusually  large,  she  was 
given  another  series,  consisting  of  two 
hours'  anterior  and  ninety  minutes'  pos- 
terior treatment.  This  caused  se\ere  reac- 
tion on  the  abdomen,  but  the  bladder 
symptoms  cleared  up  and  the  cystoscopic 
report  was  still  good  ten  months  aiter 
the  last  treatment. 

TECHNIQUE 

Simpson,^  in  discussing  the  treatment 
of  cancer  of  the  bladder,  says:  "It  is 
worse  than  useless  to  apply  radium  blindly 
by  means  of  an  ordinary  rubber  catheter 
to  the  interior  of  the  bladder."  He  ad\ises 
direct  application  to  the  tumor  through 
the  urethra  or  a  suprapubic  opening. 
He  does  not  use  the  roentgen  rays. 

Cabot,'  believes:  "It  is  now  definitely 
settled  that  the  endovesical  method  fful- 
guration  or  radium)  is  the  treatment 
of    choice    for   all    papillomata,    single    or 


Fig.  I.   Four   radiiuii    tubi-s  ;iiici  catliettr  lor  insertion 
into  tlu'  Ijladdcr. 

multiple,  benign  or  malignant,  and  that 
suprapubic  attack  is  only  justifiable  in 
exceptional  cases." 

I  feel  that  bladder  tumors  are  best 
treated  by  a  method  that  i caches  every 
spot  of  the  bladder  and  the  surrounding 
pelvis,  with  the  largest  radiation  dose  that 
can  safely  be  administered.  This  requires 
the  use  of  radium  and  roentgen  rays  in 
combination.  The  radium  applicator  for 
the  bladder  consists  of  four  steel  tubes 
containing  a  total  of  51.3  mg.  radium 
element.  These  tubes  are  each  12.5  mm. 
long  and  have  a  wall  thickness  of  i  mm. 
The  four  tubes  are  inserted,  without 
further  filtration,  in  a  soft  rubber  catheter. 
No.  12  or  14  French.  The  catheter  must 
be  very  elastic — I  use  the  Eynard  brand 
(model  of  Dr.  Wishard). 

'  Simpson.  F.  E.  Radium  Therapy.  St.  Louis.  m22,  p.  21 1. 
-  Cabot,  H.  Modern  Urology.  Philadelphia,  191S,  ii.  2,i8. 


This  is  inserted  into  the  bladder  and 
left  in  for  six  or  eight  hours,  which  may 
rec[uire  several  insertions.  I  have  given 
twelve  hours  in  one  case  without  damage. 
The  patient  is  instructed  to  turn  on  his 
sides,  back  and  abdomen  ;it  hourly 
intervals,  to  distribute  the  action.  The 
use  of  four  tubes  gives  a  long  source  of 
radiation,  so  the  distant  effect  is  improved, 
as  compared  with  a  point  source  of  radia- 
tion, where  the  law  of  in\erse  squares 
applies. 

For  cross-fire  nine  standard  steel  radium 
needles  of  lo  mg.  each  are  used  in  three 


Fic.  2.  High-voltage  treatment  table  sliou  ing  the  cradle 
at  the  right,  and  high  table  at  the  left,  for  holding 
the  protecting  lead  rubber  above  the  patient.  Two 
small  strips,  only,  are  placed  directly  upon  the 
patient. 

brass  screens,  which  are  placed  tandem 
in  a  rubber  tube;  this  is  inserted  in  a  large 
rubber  tube  having  an  outside  diameter 
of  18  mm.  With  a  finger  cot  over  the  end, 
this  applicator  is  inserted  in  the  rectum 
and  left  in  from  four  to  six  hours. 

In  women  I  also  give  a  vaginal  radium 
treatment. 

The  roentgen  treatment  is  given  at 
200,000  volts,  with  0.5  mm.  Cu.  and  i.o 
mm.  Al.  filtration,  and  20-in.  target 
distance.  At  4  ma.  a  total  of  three  hours  is 
given  in  the  average  case,  equally  divided 
between  the  anterior  and  posterior  aspects 
of  the  pelvis.  A  leaded  rubber  strip  is 
placed  below  the  pubes  and  another  about 
10  in.  above  and  the  entire  pelvis  exposed 
between  these  two. 
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In  a  heavy  patient  a  slightly  longer 
exposure  is  given,  by  additional  anterior 
treatment. 

A  second  course  of  treatment  is  given 
six  to  ten  weeks  afterward,  if  necessary, 
and  the  dosage  is  varied  according  to 
the  amount  of  reaction  produced.  Epilation 
and  erythema  are  considered  necessary 
for  the  best  results.  If  two  series  of  radia- 
tions do  not  cause  complete  disappearance 
of  the  tumor,  fulguration  is  advised. 
Geraghty'  found  that  "some  papillary 
tumors  which  seemed  extremely  resistant 
to  fulguration  treatment  responded   very 


promptly  after  a  small  amount  of  radiation. 
Consequently  it  has  been  a  habit  in  our 
clinic  to  radiate  most  tumors,  even  those 
which  subsequently  will  be  treated  by 
fulguration." 

CaXCLUSIONS 

The  best  treatment  of  [bladder  tumors 
is  a  combination  of  radium  and  high 
voltage  roentgen  rays.  I  fully  agree  with 
Jenkinson,  of  Chicago,  that  "some  of 
our  best  results  with  the  deep  roentgen 
therapy  have  been  in  urinary  bladder 
tumors." 


A  CASE  OF  TUBERCULOSIS  OE  THE  SYMPHYSIS  PUBIS 


BY    J.    B.    JACKSON,    M.D. 


KALAMAZOO,    MICHIGAN" 


DISEASE  of  the  symphysis  pubis  appears 
to  be  relatively  very  rare.  Obstet- 
ricians refer  to  an  occasional  septic 
process  in  this  joint  following  trauma 
during  labor.  On  account  of  the  struc- 
ture of  the  joint  it  is  comparatively  free 
from  the  acute  infections. 

The  symphysis  pubis  belongs  to  the 
type  of  articulating  surface  known  as 
amphiarthrosis.  This  type  of  articulation 
admits  of  a  very  limited  range  of  movement. 
The  joint  contains  no  true  synovial  mem- 
brane. The  articular  surfaces  of  the  pubic 
bones  are  covered  with  a  thin  layer  ol 
hyaline  cartilage.  Between  these  lies  a 
disc  of  cartilage  and  fibrocartilage.  The 
joint  is  securely  held  on  all  sides  by  liga- 
mentous bands.  The  anterior  and  the 
sub-pubic  ligaments  are  the  more  impor- 
tant of  these  structures.  The  joint  struc- 
ture is  similar  to  the  sacroiliac  joint  and 
to  the  articulation  between  the  \'ertebrae. 

Tuberculosis  of  the  spine  is  a  compara- 
tively frequent  manifestation  of  tuber- 
culosis. Tuberculosis  of  the  sacroiliac  joint 
is  observed  infreciuently.  Tuberculosis  of 
the  symphysis  pubis  seems  to  be  a  very 
rare  disease.  A  re\iew  of  the  literature 
brings  out  the  fact  that  before  the  general 
use  of  the  .v-ray  the  diagnosis  was  extreme- 
ly difficult.  We  have  been  unable  to 
find    any    report    of   tuberculosis    of   the 

*  Geraghtv.  J.   T.,   Treatment  of  malignant  disease  of  the 
prostate  and  bladder.  J.  I'roL,  January.  1022.  vii.  No.  i.  p.  46. 


symphysis  pubis  in  English,  although  the 
possibility  of  its  occurrence  is  mentioned 
briefly  by  various  authors. 

The  condition  was  apparently  first  des- 
cribed by  Hennies  in  1888.  He  reported 
3  cases,  I  male  and  2  female.  They  were 
all  treated  surgically  and  all  recovered. 
He  states  that  the  pain  in  this  disease  is 
easily  mistaken  for  neuralgia  and  the 
tumor  for  hernia  or  a  psoas  abscess. 

In  1890  Chauvel  reported  one  case  of  a 
man  aged  twenty-three.  In  this  case 
almost  the  total  of  the  symphysis  pubis 
was  invoked  and  necrotic  and  was  remo^"ed 
in  the  form  of  sequestra. 

Von  Bungner  in  1899  reported  a  case 
in  a  woman  aged  fifty-seven.  This  case 
was  treated  surgically  and  recovered. 
He  refers  to  the  danger  of  mistaking  the 
abscess  for  inguinal  hernia.  He  states  that 
the  prognosis  depends  upon  tuberculous 
lesions  elsewhere  in  the  body  and  on  the 
use    of   early    radical    surgical   treatment. 

In  1902  Herz  reported  2  cases.  In  this 
article  he  states  that  Krause  has  briefly 
mentioned  2  cases.  Herz's  2  cases  were 
males  aged  eighteen  and  fifteen.  Both 
were  treated  surgically.  One  died.  This 
death  was  attributed  to  the  fact  that  the 
patient  would  not  consent  to  the  operation 
until  extensi\e  destructiNe  processes  had 
taken  place.  The  other  made  a  good 
recovery.  He  mentions  diiliculty  in  walking 
as    an    early    symptom.    Krause    noticed 
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in    his   2    cases   an   abnormal    motility   of 
the  pelvic  bones. 

Tillman  in  1905  writes  of  the  rare 
occurrence  of  tuberculosis  of  the  symphysis 
pubis.  In  addition  to  the  cases  already 
mentioned  in  this  review  he  mentions  a 
case  reported  by  iMotz  in  1890.  Tillman 
refers  to  the  formation  of  cold  abscesses 
above  and  behind  the  symphysis.  Pus 
may  collect  in  the  inguinal  region.  Fistulae 
usually  occur  above  the  horizontal  ramus 
on  one  or  both  sides;  more  seldom  in 
the    middle    or    both    sides    of   the    labia 


by  surgery.  He  considered  the  disease 
more  common  in  women  than  in  men. 
In  all  cases  described  suppuration  has 
occurred.  Dry  caries  has  not  been  described. 
Rendu  and  \\'ertheimer  in  1922  reported 
a  case  of  tuberculosis  of  the  pubis  and 
symphysis  in  a  boy  aged  nine.  There  was  a 
fluctuation  over  the  internal  part  of  the 
right  thigh.  Radiography  showed  a  bone 
lesion  in  the  descending  branch  of  pubis 
at  angle  of  pubis.  At  operation  the  sym- 
physis was  found  involved.  There  was 
complete    recovery    following    curettage. 


Fig.   1.  Apr.  lo,  1922. 


Fig.  2.  Jan.  13,  1923. 


majora  or  scrotum  or  on  the  inner  side 
of  the  thigh  below  Poupart's  ligament. 
He  speaks  of  disturbance  in  the  gait  as 
an  early  symptom.  According  to  this 
author,  prompt  and  early  surgical  treat- 
ment is  the  only  treatment  worthy  of 
consideration. 

Woloch  in  1907  reports  in  detail  a 
case  in  a  woman  of  sixty-three  who 
finally  recovered  following  extensive  sur- 
gical treatment.  He  states  that  because 
of  the  paucity  and  indefinite  character 
of  the  symptoms  the  cases  are  seldom 
diagnosed  until  the  appearance  of  fistulae. 
He  mentions  the  possibility  of  involvement 
of  the  hip  by  extension  along  the  pcKic 
ramus  and  the  perforation  of  the  bladder 
by  the  abscess. 

Bungner  in  1914  reported  a  case  in  a 
woman  of  fiftv-seven  treated  successfully 


During  the  present  year  (^1923)  Swyn- 
ghedauw  and  Druon  have  published  a 
paper  on  this  subject.  They  state  that 
tuberculosis  in  the  pubis  is  particularly 
insidious  and  is  only  revealed  by  fistulae 
generally  appearing  considerably  distant 
from  the  affected  spot.  In  the  majority 
of  cases  the  diagnosis  was  for  a  long  time 
erroneous;  and  by  radiology  alone  was 
the  true  condition  revealed.  They  state 
that  in  19 16  Bessett  collected  56  cases, 
but  that  several  of  these  were  not  truly 
cases  of  tuberculous  osteoarthritis.  Thej' 
mention  9  cases  since  that  date  and  i 
case  seen  by  themscUes.  Pregnancy  and 
labor  are  undoubtedly  factors  in  se\eral 
cases.  Under  the  influence  of  labor  a 
previously  latent  lesion  becomes  acute 
and  in  several  cases  has  led  to  the  patient's 
death.    However,    the    disease    is    slightly 
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more  frequent  in  males.  The\-  refer  to 
Labeyre's  description  of  a  periostitis  of 
the  pubic  region  characterized  by  a  thick- 
ening and  caseous  transformation  of  the 
periosteum.  This  type  has  a  tendency  to 
invade  the  angle  of  the  pubis  and  spread 
to  the  symphysis,  the  cartilage  of  which 
ulcerates,  softens  and  then  peels  away; 
fungosities  are  soon  substituted  for  cartilage, 
the  ligaments  are  resorbed  and  the  sym- 
physis stripped  of  all  means  of  contention 
and  destined  to  rupture  on  the  least  effort. 


history  of  tuberculosis.  The  father  and 
mother  are  living  and  well.  She  has  a 
brother  about  a  year  younger  who  is 
described  as  "frail." 

A  few  weeks  before  she  was  first  seen 
by  us,  the  family  had  noticed  something 
unusual  about  the  gait.  There  was  difficulty 
about  walking  fast  or  running.  Soon  after 
this  a  swelling  was  noticed  on  the  anterior 
surface  of  the  right  thigh  immediately 
below  Poupart's  ligament.  At  this  time 
she    was    brought    for   .v-ray    examination 


Fig.   3.   Mar.  23,  i(>23. 

Surgery  is  especially  valuable  in  the  treat- 
ment because  of  the  fact  that  the  symphysis 
pubis  is  superficial  and  easily  accessible. 
These  authors  think,  however,  that  in 
early  cases  without  pain,  suppuration 
or  sequestra,  operation  is  not  justified, 
and  that  such  cases  only  call  for  the  general 
treatment  of  tuberculous  osteoarthritic 
lesions. 

We  should  like  to  report  the  following 
case  in  which  the  diagnosis  was  made  in 
the  course  of  a  roentgenological  examina- 
tion of  the  lumbar  spine: 

The  patient  Is  a  girl  who  was  first 
seen  in  February,  1922.  She  was  at  the 
time  eleven  years  old.  She  had  ne\cr 
been  robust.  She  had  had  measles,  chicken- 
pox  and  a  severe  attack  of  whooping- 
cough.  Two  years  pre\ious  she  had  had 
influenza  followed  by  pneumonia.  About 
a  year  ago  she  had  a  severe  colitis  which 
lasted  about  ten  davs.  There  is  no  famiU 


Fig.  4.   Mar.  23,  1923. 

of  the  spine  where  the  abscess  was  supposed 
to  have  originated. 

The  .v-ray  examination  of  the  spine 
showed  no  evidence  of  vertebral  disease. 
On  the  films  made  of  the  lower  spine  there 
was  observed  a  destructive  lesion  of  the 
pubic  bones  at  the  symphysis  pubis. 
This  first  called  attention  to  the  symphysis 
pubis  as  the  site  of  the  lesion.  Further 
.v-ray  study  was  then  made  of  this  region. 
The  cold  abscess  was  aspirated.  About 
one  and  one-half  ounces  of  a  thick,  creamy, 
greenish  pus  was  withdrawn.  Cultures 
made  from  this  were  sterile.  A  guinea-pig 
Inoculation  with  the  pus  resulted  in  an 
extensi\e  tuberculous  Infection  at  the  end 
of  twenty  days. 

A  set  of  stereoscopic  plates  was  made  on 
April  10,  1922,  with  the  patient  In  the 
]3rone  position.  There  Is  a  honeycombed 
aj^pearance  of  the  body  of  the  pubis  on  the 
riuht    side    which    extends    well    into    the 
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horizontal  branch  of  the  pubis  and  down 
to  the  lower  border  of  the  symphysis. 
On  the  left  side  there  is  also  a  honeycombed 
appearance  of  the  body  of  the  pubis, 
much  less  extensi\e  than  on  the  right. 
There  is  apparently  some  separation  ot 
the  two  pubic  bones.  No  thickenuig  of 
the  periosteum  can  be  made  out,  the  bone 
lesion  being  apparently  a  destructive  proc- 
ess with  no  tendency  to  production  of 
new  bone. 

Another  set  of  stereoscopic  plates  was 
made  on  January  13,  1923,  with  the 
patient  in  the  prone  position.  The  lesion 
has  apparently  been  somewhat  progressive. 
The  honeycombed  appearance  on  the 
right  side  extends  slightly  further  back. 
There  is  very  much  less  bone  detail  to  be 
seen  at  the  site  of  the  lesion.  The  fine 
reticula  of  bone  seen  in  the  first  plates 
have  apparently  been  destroyed  by  the 
progress  of  the  disease.  The  destructive 
process  on  the  right  side  is  considerably 
more  extensive  than  that  on  the  left.  At 
one  point  near  the  lower  border  of  the  body 
of  the  pubis  the  obturator  foramen  is 
nearly  broken  through.  There  is  still  no 
evidence  of  bone  proliferation. 

The  last  set  of  stereoscopic  plates  was 
made  on  March  23,  1923.  There  is 
apparently  no  further  extension  of  the 
disease.  There  has  been  further  destruction 
of  the  bone,  so  that  there  is  almost  no 
bone  detail  to  be  seen  between  what  is 
left  of  the  two  pubic  bones.  The  diseased 
bone  apparently  has  been  gradually  de- 
stroyed, but  there  has  been  no  appreciable 
advance  in  the  extent  of  the  lesion. 

On  March  23,  1923,  a  set  of  stereo- 
scopic plates  was  made  of  the  chest  with 
the  patient  in  the  prone  position  during 
full  inspiration.  The  shadow  of  the  heart 
and  great  vessels  is  normal.  There  is  no 
fluid  in  either  pleural  cavity.  The  costo- 
phrenic  angle  is  normal  on  each  side.  There 
is  apparently  no  thickening  of  the  pleura 
over  the  apex  of  either  lung.  The  hilus 
shadows  are  rather  large  and  nebulous 
and  show  very  little  tendency  to  calcifica- 
tion. From  the  right  hilus  extending  up 
toward  the  first  and  second  interspaces 
in  front  are  very  dense  peribronchial 
lines  which  lead  to  the  periphery  of  the 
lung.  On  the  right  side  there  is  some  peri- 


bronchial thickening  extending  up  toward 
the  apex  and  the  first  intercostal  spaces. 
The  peribronchial  lines  on  the  left  side 
are  less  dense  than  on  the  right.  The 
thickened  bundles  of  peribronchial  lines 
seen  extending  from  the  right  hilus  towards 
the  first  and  second  interspaces  very 
strongly  suggest  old  pulmonary  infection. 

The  treatment  carried  out  by  the  child's 
father,  a  physician,  has  been  non-surgical. 
The  child  has  not  been  allowed  to  walk. 
No  immobilization  apparatus  has  been  ap- 
plied. Especial  attention  has  been  given  to 
nutrition,  fresh  air  and  sunshine.  Of  late, 
exposure  to  direct  sunlight  has  been  used. 

She  was  last  seen  by  us  in  March,  1923. 
The  cold  abscess  refilled  slightly  after 
aspiration  but  there  was  a  very  little 
swelling  when  she  was  last  seen.  There 
has  never  been  a  discharging  sinus.  The 
temperature  has  shown  \ery  little  tendency 
to  elevation.  She  has  gained  several 
pounds  in  weight  and  feels  perfectly  well. 

The  infrequency  of  this  condition  has 
seemed  to  warrant  our  report  ot  this 
case.  It  is  too  early  to  judge  of  the  result  of 
treatment,  but  the  case  seems  to  be  doing 
fairly  well.  We  are  mainly  interested  in 
the  .v-ray  study  of  the  case  and  wish 
particularly  to  call  attention  to  the  possi- 
bility of  tuberculous  caries  of  the  sym- 
physis pubis  when  searching  for  the 
origin  of  cold  abscesses  ^or  fistulae  in 
the  region  of  the  pelvis. 
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IN  Cunningham's  Anatomy  one  can  find 
the  following  statements:  "In  old  age 
the  prostate  frequently  undergoes  an 
hypertrophy  which  may  affect  chiefly  the 
glandular  tissue,  or  the  entire  organ.  Not 
infrequently  calcareous  concretions  are 
found  imbedded  in  the  prostate.  In  old 
people  the  veins  of  the  prostatic  plexus 
usually  become  much  enlarged."  Add  to 
the  abo\e  the  chronic,  passive  inflamma- 
tion that  is  present  in  many  of  the  cases 
of  prostatic  hypertrophy  and  we  ha\'e  the 
complete  pathology  or  the  physiologic 
pathology  of  the  usual  case  of  simple 
enlargement  of  the  prostate  gland.' 

We  have  for  years  known  that  glandular 
tissue  is  the  easiest  normal  tissue  of  the 
body  to  destroy  by  means  of  the  roentgen 
rays  or  by  radium  rays.  For  example, 
when  raying  about  the  mouth,  the  operator 
is  often  greatly  annoyed  by  the  complaints 
of  dryness  of  the  mouth  and  throat.  This 
complaint  is  due  to  the  radiation  which  is 
sent  into  the  depth  of  the  salivary  glands. 
Under  proper  methods  of  technique  this 
complaint  is  only  temporary,  but  with 
greater  dosage  would  become  permanent 
because  the  salivary  glands  would  be 
destroyed.  Again  when  raying  the  depths  in 
the  region  of  the  suprarenal  capsules,  it  is,  I 
belie\"e,  good  technique  to  give  the  hea\"iest 
doses  of  rays  from  the  front  with  lighter 
doses  from  the  back  and  sides,  also  to 
prescribe  feeding  of  suprarenal  substance 
to  o\"ercome  the  untoward  effect  of  the 
rays  upon  the  suprarenal  capsules. 

It  is  a  proven  fact  that  radiations  in 
proper  amounts  will  cause  endarteritis  and 
phlebitis  resulting  in  a  reduction  in  the  size 
of  the  arteries  and  veins,  thereby  causing  a 
reduction  in  the  amount  of  blood  entering 
and  lea\ing  the  region  that  has  been 
radiated.  Continued  radiation  would  even- 
tually cause  an  obliterative  endarteritis 
and  phlebitis.  For  example,  I  will  just 
mention  the  promptness  v\  ith  which  uterine 
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bleeding  stops  under  treatment  by  means 
of  radiation  therapy,  whether  the  hemor- 
rhage is  due  to  carcinoma,  to  fibroid,  or  is 
idiopathic. 

From  what  has  already  been  said  about 
the  pathology  or  the  physiological  pathol- 
ogy as  encountered  in  the  usual  case  of 
simple  hypertrophy  of  the  prostate  gland, 
that  is  the  hyperplasia  of  the  glandular 
elements,  the  enlargement  of  the  veins  of 
the  prostatic  plexus,  and  the  chronic 
inflammation,  one  must  admit  the  possi- 
bilities for  treatment  by  means  of  radiation 
therapy. 

The  results  following  roentgen  therapy 
in  chronic  prostatic  hypertrophy  have  been 
so  uniformly  good  that  I  feel  justified  in 
presenting  these  few  cases  for  your 
consideration. 

Up  to  the  period  ending  July  31,  1922, 
33  cases  of  hypertrophy  of  the  prostate 
gland  ha\e  been  treated.  No  case  was 
refused  treatment  and  every  means  was 
exhausted  to  make  the  best  possible 
diagnosis.  In  each  instance  the  diagnosis 
was  [made  by  a  medical  man  or  surgeon  in 
addition  to  my  own  studies.  Out  of  the 
total  of  33  cases  there  were  9  catheter 
patients,  24  who  complained  of  one  or 
more  of  such  symptoms  as  frequent 
micturition;  urgent,  painful  urination; 
nocturnal,  frequent  urination;  hematuria; 
pain  in  the  perineum;  strong-smelling 
urine  etc.,  and  who  upon  examination 
showed  a  definite  tumor  in  the  prostatic 
field  and  residual  urine.  The  tumors 
\aried  in  size  and  were  generally  about  as 
large  as  would  be  expected  with  the 
symptoms  presented  by  each  patient.  The 
largest  gland  felt  very  much  like  the  head 
of  a  child  presenting  at  term.  It  was  in  this 
case  that  we  obtained  one  of  our  best 
results,  the  details  of  which  are  given 
below,  in  fact  the  gland  was  so  large  that 
the  patient,  in  addition  to  having  to  use  the 
catheter,  was  beginning  to  ha\'e  con- 
siderable trouble  in  emptying  his  bowels. 
Out  of  the  33  cases  we  ha\e  to  date  one 
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failure  and  two  deaths.  The  failure  was  in 
one  of  the  catheter  cases  who  presented 
one  of  the  largest  prostatic  tumors  that 
was  treated.  This  case  too,  I  have  cited  in 
detail  below.  Death  was  due  in  one  case  to 
cerebral  hemorrhage  and  in  the  other  to 
cardiac  failure.  In  30  out  of  the  33  cases  our 
treatment  met  with  success,  i.e.  the  reten- 
tion was  relie\"ed,  likewise  the  frequency, 
the  urgent,  painful  urination,  the  bleeding, 
the  pain  in  the  perineum  etc.;  and  upon 
examination  it  was  found  that  in  3  of  the 
cases  the  gland  had  returned  to  normal 
size,  and  that  in  27  cases  it  was  reduced  on 
an  average  to  one-third  its  size  as  deter- 
mined in  the  beginning,  and  instead  of 
being  hard,  was  soft  to  the  touch. 

Case  I.  Male,  a  patient  of  Dr.  T. 
Paczkowski,  aged  sixty-two,  unemployed; 
sent  for  treatment  Sept.  ~,  1920.  For  a 
considerable  period  of  time  he  had  com- 
plained of  frequent,  urgent  micturition. 
At  night  he  would  commonly  try  to  pass 
his  urine  about  every  ten  minutes.  For 
the  past  two  months  he  has  been  unable 
to  pass  any  urine  at  all  unaided,  and 
required  catheterization  twice  daily.  Lately 
he  has  noticed  a  sensation  of  weight  in  the 
perineum  and  it  is  becoming  quite  difficult 
for  him  to  have  a  satisfactory  stool. 

Examination  shows  an  old  man  upon 
whose  face  there  are  unmistakable  signs  of 
pain  and  misery.  A  metal  catheter  brought 
away  one  and  one-half  quarts  of  urine. 
(I  was  unable  to  get  the  usual  soft  rubber 
catheter  into  the  bladder.)  Rectal  examina- 
tion shows  a  mass  in  the  prostatic  field 
which  feels  much  like  a  presenting  vertex 
at  term.  The  mass  appears  to  be  symmet- 
rical and  is  very  hard  and  tender.  General 
physical  condition  of  patient  is  excellent. 

Treatment.  Eight  areas  for  application 
of  the  roentgen  rays  were  used,  four  just 
above  the  symphysis  pubis,  two  over  the 
gluteal  muscles  to  the  right  and  left 
of  the  anus.  Over  each  area  the  rays  were 
centered  toward  the  prostatic  field.  Factors 
for  treatment  were:  5  ma.,  133,000  volts 
crest  value,  8-in.  focal  distance,  6  mm.  alu- 
minum filter,  and  time  sufficient  to  gi\'e:^5of 
an  erythema  dose  o\er  each  area.  Time 
will  vary  with  diflerent  machines — in  fact 
it  varies  in  my  office  between  two  machines 
of  exactly  the  same   construction.   These 


treatments  were  repeated  in  October  and 
November  for  prophylaxis. 

Results.  The  third  day  following  our 
first  treatments  the  patient  emptied  his 
own  bladder  and  has  not  had  to  be  cathe- 
terized  since.  One  week  after  treatment 
there  was  a  bloody  discharge  from  the 
bladder  together  with  many  small  stones. 
Bleeding  and  passage  of  stones  has  to  date 
been  present  but  once  as  just  outlined. 
Rectal  examination  two  months  after 
treatment  was  completed  showed  a  total 
absence  of  any  tumor  in  the  prostatic 
field.  Upon  inquiry  through  Dr.  Paczkow- 
ski, I  find  that  there  has  been  no  recur- 
rence of  any  bladder  symptoms.  Our 
patient  has  been  well  for  two  }ears  and 
four  months  since  treatment  was  started 
by  means  of  the  roentgen  rays. 

Case  II.  Male,  a  patient  of  Drs.  VV.  E. 
Doremus  and  J.  G.  Cottrell,  aged  seventy- 
three  sent  for  treatment  March  14,  1922, 
with  complaints  of  dribbling  and  frequency 
which  had  been  present  for  the  previous 
four  or  five  years.  The  frequency  was 
most  marked  at  night  and  in  the  winter. 
For  the  three  weeks  before  he  was  referred 
to  me,  he  had  been  unable  to  empty  his 
bladder  except  b\  catheter.  Ten  days 
before  the  catheter  had  to  be  used,  there 
was  an  attack  of  bronchopneumonia. 

Examination  shows  a  weak,  tottering 
old  man  hardly  able  to  walk  unaided.  The 
prostate  is  large  and  soft.  Dr.  Doremus 
once  found  the  upper  border  of  the  bladder 
on  a  level  with  the  umbilicus.  Catheter 
brought  forth  purulent  urine.  Phenolsulph- 
onephthalein  test  gave  a  10  per  cent  total 
for  two  hours. 

Treatment.  Four  areas  were  selected 
for  the  application  of  the  roengen  rays, 
two  o\er  the  symphysis  pubis  and  one  to 
the  right  and  left  of  the  anus  over  the 
gluteal  muscles.  Over  each  area  the  rays 
were  centered  toward  the  prostatic  field. 
Factors  for  treatment  were:  5  ma.,  133,- 
000  volts  crest  value,  i6-in.  focal  distance, 
6  mm.  aluminum  filter,  and  time  sufficient 
to  give  :*5  of  a  full  dose  over  each  area. 
These  treatments  were  repeated  on  March 
30,  1922  and  April  14,  1922. 

Results.  During  our  treatments  the 
patient  became  able  to  empty  his  bladder 
once  dailv  when  on  his  back.  He  had  to  be 
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catheterized  once  daily  and  was  unable  to 
pass  any  urine  when  standing.  Why  this 
should  be  so,  I  am  sure  I  do  not  know. 
There  was  marked  impro\ement  in  the 
patient's  general  condition,  and  he  walked 
alone  with  a  quicker,  firmer  step.  In  any 
event  our  treatment  failed  to  eliminate  the 
use  of  the  catheter  and  in  no  way  relie\"ed 
the  desire  to  urinate.  On  June  19,  1922,  Dr. 
Doremus  found  that  the  phenolsulphone- 
phthalein  test  now  gave  a  total  excretion 
of  50  per  cent,  that  is,  nearly  a  normal 
result.  This  with  other  findings  led  to  a 
decision  to  remove  the  gland  surgically. 

Operation.  Suprapubic  removal.  June 
23,  1922.  Dr.  Doremus  reports  that  the 
gland  was  removed  with  very  little  loss  of 
blood,  and  the  surgical  difficulties  were  no 
greater  in  this  case  than  in  others,  which 
had  not  been  treated  preoperatively  by 
radiation  therapy.  Operation  was  followed 
by  an  attack  oi'  bronchopneumonia,  and 
during  a  spasm  of  coughing  the  suture  line 
burst  open.  Then  followed  a  hernia  of  the 
peritoneal  pouch  and  bladder  wall  through 
the  opened  suture  line.  Under  local  anes- 
thesia, on  Nov.  28,  1922,  the  redundant  or 
excess  membrane  was  removed  and  the 
skin  closed  with  a  good  result  except  that 
there  is  still  a  draining  suprapubic  fistula 
of  pin-point  size.  A  No.  26  sound  drops 
into  the  bladder,  thereby  eliminating  any 
uretheral  obstruction  which  might  keep 
up  the  drainage. 

Results.  Ever  since  the  prostate  was 
surgically  remo\ed  the  patient  has  been 
able  to  pass  his  urine  freely  and  the  general 
health  is  excellent. 

Laboratory  Findings.  Whole  gland  was 
remo\cd  and  weighs  52' 2  gr.  Section  shows 
several  cysts  filled  with  a  thick  greenish 
material.  Fibrosis  very  well  marked.  The 
microscope  shows  glandular  elements 
markedly  increased,  stroma  shows 
increased  libro-elastic  tissue.  Diagnosis: 
Adenoma  with  fibrosis.  No  evidence  of 
malignancy. 

Remarks.  The  reason  why  we  failed 
to  produce  the  desired  results  by  means  of 
radiation  therapy  in  this  case,  is  evident 
to  every  radiotherapist.  None  of  us  treat 
cystic  goiter,  because  our  treatment  accom- 
plishes nothing.  Cystic  goiter  is  usually 
easy  to  diagnose,  but  I  know  of  no  method 


of  examination  that  will  diagnose  a  cystic 
prostate  in  the  living  patient.  Also  we  are 
unable  to  influence  fibrous  tissue  without 
destroying  surrounding  normal  tissue.  In 
other  words,  I  shall  always  believe  that 
this  case  was  a  failure  because  of  the 
cj'stic  disease  with  fibrosis. 
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CONCLUSIONS 

1.  If  the  results  obtained  in  this  series 
of  cases  can  be  produced  in  the  majority 
of  cases  that  present  themselves  for 
treatment  in  the  future,  the  treatment  of 
simple  hypertrophy  of  the  prostate  gland 
by  means  of  radiation  therapy  is  justifiable. 
These  old,  debilitated  men  will  appreciate 
this  method  of  treatment. 

2.  In  proper  hands  the  treatment  is 
free  from  danger. 

3.  There  is  no  loss  of  voluntary  control 
of  the  bladder,  likewise  the  rectum  is 
not  injured,  there  is  no  persistent  urinary 
fistula,  and  complicating  conditions  are 
usually  no  contraindication  to  radiation 
therapy.  The  treatments  are  given  without 
shock,  hemorrhage,  uremia,  bronchitis, 
septicemia,  pulmonary  embolism,  etc., 
and  there  is  no  mortality  that  can  be 
traced  to  the  treatments  for  a  cause. 

4.  Should  treatment  by  means  of  radia- 
tion therapy  fail,  surgery  can  be  substi- 
tuted. Radiation  does  not  produce  any 
condition  which  interferes  with  surgical 
removal  of  the  gland.  In  fact,  in  our  one 
case,  following  radiation  the  gland  was 
removed  with  much  less  hemorrhage  and 
without  more  surgical  difficulty  than  had  the 
patient  not  been  radiated. 

DISCUSSION 

Dr.  Pfahler.  I  bclie\e  myself  that  this  is  a 
field  that  has  been  very  much  neglected.  I 
iiave  not  treated  manv  cases,  hut  at  least  the 
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patients  \\hom  I  lia\e  treated  ha\e  improved 
svniptomaticaliy  in  ail  cases.  Perhaps  it  was 
tiie  natural  course  of  events. 

Originally  I  carried  out  a  technique  very 
much  like  that  used  by  Dr.  Stevens,  but  I  do 
not  believe  it  is  a  technique  we  will  follow  in 
the  future  when  we  do  treat  these  patients.  I 
think  we  will  treat  at  long  distances  and  prob- 
ably confine  the  treatment  to  the  perineal 
region.  We  need  never  go  to  the  extent  of 
damaging  the  skin. 

Some  of  you  may  know  that  I  am  treating 
with  high  voltage  with  the  tube  under  a  i6-in. 
concrete  floor,  and  therefore  I  have  consider- 
able distance  even  to  start  with,  and  the  closest 
I  get  to  the  patient  is  62  cm.  I  have  constructed 
a  special  ""chair  to  tit  on  the  floor  so  that  the 
patient  sits  rather  comfortably  on  the  floor  and 
the  rays  are  sent  up  through  the  perineal  region 
and  are  confined  to  the  region  of  the  prostate. 
My  aim  has  been,  with  the  high  voltage  and 
highly  filtered  rajs,  to  give  about  50  per  cent 
of  an  erythema  dose  and  repeat  it  perhaps  once 
a  month.  In  that  way  is  brought  about  a 
progressive  but  positive  atrophy.  It  may  be 
just  the  natural  course  of  events. 

Dr.  Stern.  Unfortunately  I  did  not  hear 
all  of  Dr.  Stevens'  paper.  The  part  I  heard 
dealt  with  his  technique  and  his  final  results, 
and  it  ga^•e  me  a  great  deal  of  pleasure  to  hear 
of  them. 

Some  years  ago  I  read  a  paper  at  one  of  these 
meetings  here  on  the  .v-ray  treatment  of  hyper- 
trophy of  the  prostate.  At  that  time  I  quoted 
6  or  8  cases  that  were  very  much  impro\ed. 
These  patients  have  all  kept  well  and  in  not  a 
single  case  has  surgical  interference  become 
necessary.  Since  that  time  I  have  treated 
quite  a  number  of  others  and  the  results  in 
most  of  these  cases  were  very  gratifying.  I 
have  not  been  able  to  do  much  for  patients 
who  have  already'  entered  the  catheter  life. 
They  reach  a  point  of  improvement  where  most 
of  their  subiecti\e  symptoms  are  improved, 
but  they  still  have  to  keep  on  using  the 
catheter.  I  think  this  is  due  either  to  a  mental 
hazard  on  their  part,  that  is,  they  just  feel  that 
they  cannot  voluntarily  vftid,  or  there  is  a 
paralysis  of  the  sphincter  through  disuse, 
which  makes  it  impossible  for  them  to  regain 
control. 

My  technique  seems  to  differ  from  Dr. 
Stevens'.  I  do  not  treat  them  through  the 
symphysis,  for  the  simple  reason  that  working 
with  a  low  voltage  and  6  mm.  Al.  filter,  there  is 
a  long  distance  to  travel  to  reach  the  prostate 
and  the  depth  dose  from  an  exposure  given  this 
way  is  rather  small.  When  I  was  abroad  I 
found  that  they  were  treating  these  cases  with 
high-voltage  intensive  treatments.  In  one  case 


in  which  I  tried  this,  the  treatment  produced 
considerable  tenesmus  of  the  bladder  and  made 
the  patient  so  uncomfortable  that  I  decided  to 
continue  with  my  low-voltage  fractional  treat- 
ment. With  my  technique  I  use  the  rectum  and 
the  perineum  as  my  ports  of  entry.  I  give  them 
one-half  of  the  erythema  dose  filtered  through 
4  mm.  Al.  once  a  week  through  the  rectum  and 
through  the  perineum.  Four  of  these  treatments 
constitute  one  series.  Treatment  is  repeated 
at  the  end  of  a  month's  interval  and  again  after 
an  interval  of  one  or  two  months  following  this. 
Cases  that  have  a  cystitis  must  be  treated  for 
this  separately  in  the  usual  way.  The  symptoms 
of  hypertrophy  of  the  prostate  and  cystitis  are 
so  similar  that  no  matter  how  much  we  impro\e 
the  condition  of  the  prostate,  with  a  persistent 
cystitis,  we  still  get  practically  the  same  symp- 
toms as  we  did  before.  The  treatment  is  so 
simple  and  the  majority  of  these  patients  do  so 
well  that  I  see  no  reason  why  it  should  not  be 
tried  on  all  prostatics  before  surgical  inter- 
ference is  advised.  The  amount  of  ray  that  they 
receive  would  not  in  any  way  interfere  with 
carrying  out  surgical  measures  if  the  treatment 
should  fail. 

These  cases,  a  great  many  of  them,  if  referred 
to  us  in  their  earlier  stages,  I  have  no  doubt 
would  be  saved  an  operation. 

Dr.  Hunter.  In  igii  I  presented  a  paper 
on  this  subject  at  the  Richmond  meeting  of  the 
American  Roentgen  Ray  Society.  I  thought  I 
got  some  fair  results. 

I  would  like  to  ask.  Dr.  Stevens  one  or  two 
questions:  I  used  to  treat  these  cases  in  the 
Sims  position  and  treat  through  the  perineum. 
I  had  a  feeling  at  that  time  that  application  of 
rays  against  the  scrotum  did  have  some  effect; 
perhaps  I  was  inlhienced  by  the  surgical  opinion 
in  which  a  double  orchidectomy  was  considered 
as  helping  prostatic  conditions. 

I  feel  now  that  with  the  filter  and  long 
distance  we  should  accomplish  a  great  deal. 
Just  after  my  paper  the  two-stage  operation 
for  prostate  was  introduced  and  the  result  was 
that  the  surgical  mortality  fell  to  its  present 
rate. 

I  would  like  to  ask  Dr.  Stevens  what  he 
thinks  of  treating  through  the  perineum,  especi- 
ally with  the  new  technique  and  using  a  rather 
large  area,  and  whether  he  thinks  direct 
application  of  ray  to  the  scrotum  has  any 
ad\'antage  at  all. 

Dr.  Stevens  (closing  discussion).  In  3 
of  the  cases  in  our  series  the  prostate  was 
reduced  in  size  enough  to  give  no  residual  urine. 
In  the  others,  the  average  amount  of  residual 
urine  remaining  after  treatment  was  about  one- 
third  of  that  before  treatment.  The  first  case 
reported  above  in  detail  was  the  most  striking 
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result  obtained  in  many  respects.  This  was  the 
only  case  in  tiic  entire  series  suitable  for  sur- 
gery. The  others  were  in  such  condition  that 
surgery  could  never  have  been  instituted  witii 
any  hope  of  tiieir  ii\ing  through  the  operation. 

The  pathology  of  the  usual  case  ol  prostatic 
hypertrophy  would  naturally  lead  the  radio- 
therapist to  the  conclusion  that  such  cases 
belonged  to  him.  Surely  if  he  had  a  disease 
with  chronic  inflammation,  with  enlargement 
of  veins,  or  with  hyperplasia  of  glandular 
elements,  lie  would  be  justified  in  expecting 
his  treatment  to  produce  nearly  perfect  results. 

I  am  rather  disappointed  in  what  Dr.  Stern 
had  to  say  about  the  treatment  in  Germany 
with  the  higher  voltage  rays.  Having  been 
equipped  with  the  necessary  apparatus  for 
higher  voltage  work  in  1922,  I  had  hoped  to 
be  able  to  work  out  a  definite  therapeutic 
dosage  for  the  treatment  of  hypertrophy  of  the 
prostate.  Dr.  Stern's  discussion,  I  feel,  answ  ers 
Dr.  Pfahler's  discussion.  Dr.  Pfahler  apparently- 


was  looking  hopefully  to  the  higher  voltage 
rays  to  produce  even  better  results  in  the  future. 
I  am  of  the  same  opinion  regarding  the  higher 
voltage  rays.  Before  we  can  speak  with 
authority  they  must  be  tried  out  extensively 
by  several  of  us. 

In  reference  to  surgery  after  radiation,  in  the 
one  case  I  reported  in  detail  which  did  have 
surgery,  the  surgeon  said  that  the  operation 
was  done  with  very  little  bleeding,  also  that  the 
difiiculties  of  surgical  removal  of  the  gland  were 
not  increased. 

Dr.  Hunter's  work  with  no  filter  must  have 
been  done  long  ago  when  little  was  known  of 
the  proper  methods  of  getting  high  intensity 
depth  doses.  With  no  filter  we  would  get  a  high 
dose  of  rays  on  the  skin  very  quickly  with  little 
or  no  depth  intensity,  therefore  without 
beneficial  results.  I  have  had  no  experience  in 
the  treatment  of  this  condition  by  exposure  of 
the  testicles.  I  have  always  been  very  careful 
to  see  that  they  were  not  exposed  to  the  raj's. 


ROENTGEN-RAY  TREATMENT  OF  THE  THYROID 

BY    E.    L.   JENKINSON,   M.D. 

St.  Luke's  Hospital 

CHICAGO,    ILLINOIS 


DURING  the  past  five  years  roent- 
genotherapy in  the  management  of 
toxic  thyroids  has  been  steadily  gaining 
recognition.  There  are  certain  cases  which 
are  definitely  surgical,  and  others  which 
are  just  as  definitely  cases  for  the  internist 
and  roentgenologist.  Experience  has  taught 
us  that  the  colloid,  cystic  and  simple 
goiters  with  no  toxic  manifestations  are 
not  suitable  cases  for  roentgenotherapy. 
Thyroids  causing  pressure  symptoms  arc 
definitely  surgical.  Toxic  adenomata  should 
always  be  gi\-en  the  benefit  of  .v-ray 
therapy  before  being  subjected  to  surgery. 
If,  after  careful  and  proper  treatment,  the 
.v-rays  tail  to  produce  a  marked  improve- 
ment, surgery  may  be  resorted  to.  The 
number  of  failures,  however,  under  roent- 
genotherapy, if  properly  administered, 
will  be  small. 

The  cpiestion  ol  adhesions  following 
.v-ray  therapy  is  often  raised  by  surgeons. 
Some  surgeons  claim  that  following  its  use, 
operation  becomes  very  difficult,  due  to  the 
large  amount  of  hemorrhage  and  connecti\  e 
tissue  encountered.  On  direct  inquiry,  the 
majority     of    surgeons    questioned     ha\e 


stated  that  they  experienced  no  great 
difficulty  in  removing  the  gland.  One  case 
is  illustrative:  a  woman  of  twenty-four, 
suftering  from  an  exophthalmic  goiter,  had 
been  given  six  series  of  .v-rays  and  her 
condition  did  not  improve  as  rapidly  as  the 
internist  had  anticipated.  The  patient 
being  a  working-girl,  and  time  being  an 
important  factor  in  her  treatment,  it  was 
thought  advisable  to  resort  to  surgery. 
The  operation  was  comparatively  simple, 
for  the  gland  was  removed  without  any 
difhculty.  No  increase  in  connective  tissue 
was  found,  and  there  was  no  increase  in 
the  amount  of  hemorrhage 

Physicians  using  roentgen  therapy  in  the 
treatment  of  toxic  thyroids  are  often  asked: 
What  are  you  using  on  your  thyroids? 
What  voltage?  What  filter?  What  milli- 
amperage?  etc.  After  treating  and  watch- 
ing about  300  cases,  we  arc  con\  inced 
that  the  administration  of  the  .v-rays  must 
be  according  to  the  indi\idua[  case.  Its  use 
as  a  therapeutic  agent  must  not  be  a  fixed 
quantity  from  which  no  deviation  shall  be 
made.  It  is  a  matter  of  judgment  and  can- 
not be  made  to  conform  to  a  simple  rule  of 
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thumb.  A  thorough  physical  examination 
is  indispensable,  the  heart  and  ner\ous 
system  being  closely  scrutinized.  Rest  in 
bed  is  imperative,  before  and  after  treat- 
ment, preferably  in  a  hospital.  The  patient 
must  be  made  as  comfortable  as  possible. 
The  nurse  caring  for  the  patient  should  at 
all  times  be  agreeable,  for  these  patients 
are  very  irritable  and  easily  upset.  Each 
time  the  patient  becomes  nervous  and 
irritable,  a  definite  setback  is  the  result. 
The  food  should  be  \"ery  nourishing  and 
easily  digested.  Drugs  may  also  be  used  in 
conjunction  with  the  .v-rays;  the  bromides 
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I'lG.   1.  Cast-   1.   Five  series  of  .v-rays._Gainecl  55   lbs. 
Symptom-free. 

have  a  tendency  to  lessen  the  nervousness. 
An  ice  bag  to  the  precordia,  in  some  cases, 
is  helpful.  During  the  series  of  treatments 
the  bowels  should  be  regulated  by  the  use 
ot  bland  cathartics  or  an  occasional  enema. 

For  radiation  sickness,  which  sometimes 
occurs,  one  dram  of  sodium  bicarbonate 
in  cold  water  may  be  given  three  times  a 
day.  A  good  plan  is  to  put  the  patient  on 
bicarbonate  of  soda  two  days  before  start- 
ing the  treatment,  continuing  through  the 
series. 

The  treatment  room  should  be  very 
quiet  and  well  ventilated.  The  use  of 
electric  fans  tends  to  keep  up  a  good  circu- 
lation of  air,  lessening  the  chance  of  radia- 
tion sickness.  The  transformer  should, 
whenever  possible,  be  in  a  sound-proof 
room.  The  testing  of  the  machine,  obtaining 
the  spark-gap  and  milliamperage  should  be 


done  before  the  patient  arrives.  All  unnec- 
essary noises  and  handling  should  be 
avoided.  All  patients  should  be  transported 
to  and  from  the  treatment  room  on  a 
stretcher.  If  the  above  details  are  complied 
with,  the  amount  of  nervous  reaction  is 
lessened.  During  treatment,  the  patient 
should  be  made  comfortable,  assuring  her 
that  she  will  experience  no  pain.  She 
should  be  instructed  that  quiet  is  necessary 
during  the  exposure,  and  that  the  pro- 
cedure is  devoid  of  any  danger. 
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Fig.  2.  Case  2.  One  series  of  A-rays.  Recovery  complete. 

After  a  careful  consideration  of  the  indi- 
vidual patient,  the  size  of  the  dose  is  esti- 
mated. If  the  patient  is  very  toxic  and 
shows  a  greatly  increased  metabolic  rate, 
one  treatment  is  given  over  the  thymus 
anteriorly.  The  patient  is  then  allowed  to 
rest  for  a  day  before  administering  another 
treatment,  and  the  effects  of  the  treatment 
are  observed.  Subsequent  dosage  should  be 
modified  according  to  the  reaction  experi- 
enced after  the  first  treatment.  There  is  no 
particular  hurry  in  giving  the  treatments; 
in  fact,  the  patient  will  usually  do  better 
if  kept  in  the  hospital  a  week  for  the  series. 

In  treating  goiters,  three  areas  are  given 
through  portals  4  X  4  in.  The  thymus  is 
rayed  anteriorly  in  all  cases.  The  thyroid 
is  treated  through  two  portals,  one  to  each 
lobe.  The  larynx  is  carefully  protected 
during  treatment.  In  no  case  is  an  attempt 
made    to    obtain    a    skin    reaction.    If  an 
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erythema,  or  even  repeated  tannings  are 
obtained,  a  subsequent  telangiectasis  is  apt 
to  occur. 

In  all  cases  a  comparati\eIy  heavy  filter 
of  6  mm.  of  aluminum  is  used.  A  12-in. 
focal  skin  distance  is  a  constant  factor,  also 
5  ma.  The  voltage  in  all  cases  is  125,000 
peak,  or  the  equivalent  of  a  9-in.  spark- 
gap  between  points.  The  time  is  the  vari- 
able factor  and  is  changed  to  suit  each 
case. 

Following  the  treatment,  in  the  course  of 
twelve  hours,  the  thyroid  may  show  a 
marked  enlargement.  The  patient  or  rela- 
tives may  call  you,  complaining  ot  the 
swelling  of  the  neck;  you  can  assure  them 
that  nothing  serious  will  follow  and  that  in 
another  twelve  hours  the  swelling  will  have 
subsided. 

For  the  past  eighteen  months,  a  basal 
metabolism  has  been  determined  on  all 
cases  prior  to  treatment,  and  repeated 
following  it;  this  has  lessened  the  chance 
of  going  too  far  in  the  treatment,  producing 
a  hypothyroidism.  Before  a  second  series 
of  treatment  is  administered,  the  patient  is 
instructed  to  return  for  a  physical  examina- 
tion and  a  determination  of  the  metabolic 
rate. 

It  has  been  our  policy  not  to  treat  a 
patient  after  the  metabolic  rate  has 
dropped  to  +15.  A  few  cases  have  been 
treated  when  the  metabolic  rate  had 
reached  a  slightly  lower  level,  but  ne\er 
when  lower  than  -j-io. 

The  clinical  manifestations  usually  coin- 
cide with  the  metabolic  rate.  Patients 
ha\'ing  a  metabolic  rate  of  +80  to  -fpo 
should  by  no  means  be  subjected  to  the 
same  treatment  as  patients  with  a  -{-30. 

The  dose  of  the  .v-rays  indicated  in  each 
case  is  decidedly  different.  If  a  patient 
with  a  metabolic  rate  of  -j-QO  were  given 
the  same  dose  as  the  patient  with  a 
metabolic  rate  of  4-40,  the  results  would, 
in  a  great  many  instances,  be  unfavorable. 

The  heart  action  in  many  cases  becomes 
more  rapid;  nausea,  \omiting,  se\ere 
headache,  and  occasionally  collapse,  fol- 
lows. Delirium  was  obser\ed  in  three 
cases . 

The  abo\c  obser\ations  are  mentiiMied 
to  emphasize  one  point :  7 real  the  irtJiiidual 
case. 


.Many  cases,  showing  some  of  the  symp>- 
toms  of  a  to.xic  goiter,  are  referred  to  our 
department  for  -v-ray  therapy.  These 
patients  are  subjected  to  a  metabolic 
test  before  deciding  upon  the  type  of 
treatment  to  be  followed.  Frequently  the 
metabolic  rate  is  found  to  be  normal. 
Such  cases  are  always  re-examined  to  rule 
out  any  error  in  the  determination.  If, 
after  the  second  examination,  the  results 
are  the  same,  the  patient  is  not  radiated 
but  carefully  watched,  and  the  test  repeated 
at  short  intervals.  Many  cases  showing 
symptoms  similar  to  those  encountered  in 
hyperthyroidism  are  suffering  from  pathol- 
ogy located  outside  the  gland.  There  are 
times  when  even  a  hyperthyroidism  will 
show  a  comparatively  low,  or  even  normal 
metabolic  rate.  It  will  be  observed,  how- 
ever, that  during  the  period  in  which  the 
metabolic  rate  is  low,  the  symptoms  will 
also  have  subsided.  If  these  patients  suffer 
an  exacerbation,  there  will  be  a  concomi- 
tant rise  in  the  metabolic  rate. 

Criticism  of  the  basal  metabolism,  belit- 
tling the  method  and  attaching  very  little 
significance  to  its  value,  is  in  many 
instances  unwarranted.  If  the  test  is  made 
during  a  period  when  the  patient  is  abso- 
lutely quiet,  as  the  word  "basal"  implies, 
the  results  will  be  of  great  value  in  deter- 
mining the  severity  of  the  disease.  The 
fact  that  the  test  must  be  in  some  cases 
repeated  before  a  definite  rate  can  be 
established,  does  not  in  any  way  lessen  its 
importance.  We  are  all  called  upon,  in 
many  cases,  to  repeat  physical  examination 
of  the  heart  and  lungs,  before  arriving  at  a 
definite  diagnosis.  Even  the  surgeon  must 
at  times  repeat  the  operation  for  hernia, 
before  a  cure  can  be  obtained. 

The  close  cooperation  of  the  surgeon, 
internist  and  roentgenologist,  similar  to 
the  plan  adopted  at  the  Massachusetts 
General,  will  certainly  bring  about  a  better 
understanding  of  the  various  methods  of 
treatment,  from  which  the  general  public 
will  profit.  It  seems  that  we  are  all  carrying 
a  chip  on  our  shoulder,  each  claiming  that 
his  method  is  the  only  one  that  will  produce 
a  cure.  If  we  worked  in  harmony  this 
feeling  would  not  exist,  and  the  results  in 
many  cases  would  show  a  higher  percentage 
of  cures.  I  am  quite  sure  the  .v-ray  will  not 
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cure  all  cases  of  hyperthyroidism,  and  I 
am  also  convinced  that  surgery  has  a 
certain  number  of  failures. 

In  many  localities,  a  compensatory 
hypertrophy  of  the  gland  is  endemic. 
This  is  a  physiological  process  and  should 
not  be  interfered  with.  The  presence  of  a 
rapid  pulse  or  e\en  of  a  tremor  in  such 
cases,  IS  not  conclusive  e\idence  of  an 
exophthalmic  goiter  or  hyperthyroidism. 
We  do  not  believe  an  exophthalmic  goiter 
or  hyperthyroidism  is  ever  encountered 
with  a  metabolic  rate  constantly  normal 
or  below.  In  deciding  these  cases,  the  basal 
metabolic  rate  is  of  great  value. 

Approximately  100  cases  have  been 
checked  immediately  following  radiation. 
In  all  of  these  there  was  a  marked  rise  in 
the  metabolic  rate.  The  a\erage  rise  was 
about  twenty  points.  The  cases  showing 
the  highest  rates  usually  showed  the 
largest  increase;  one  patient,  however, 
showing  a  low  reading  of  +18,  increased 
to  +50  immediately  following  the  series. 
Accompanying  the  rise  of  the  metabolic 
rate,  there  is  a  proportional  increase  in  the 
severity  of  the  symptoms.  We  can  see 
from  the  abo\e  findings  that  each  case  is  a 
separate  and  distinct  entity. 

In  the  series  of  300  cases  the  results  have 
been  uniformly  good.  With  the  exception  of 
2  patients,  there  has  been  a  marked 
improvement  in   all   cases.  This  does  not 


mean,  hovve\er,  that  all  our  patients  were 
cured. 

Two  fatalities  occurred  in  our  series. 
At  present,  we  do  not  feel  competent  to 
discuss  the  cause  of  death.  Autopsies  were 
not  obtained  in  either  case.  The  x-ray 
dosage  in  both  cases  was  very  small  and 
distributed  over  a  period  of  ten  days 
for  the  one  series.  Both  patients  had  been 
treated  before,  and  nothing  unusual  was 
noted  during  the  previous  series. 

In  this  series,  one  patient  showed  a 
metabolic  rate  of  +150,  accompanied 
by  all  the  classical  symptoms  of  a  toxic 
thyroid.  After  four  series,  the  recovery  was 
complete,  and  during  three  years'  observa- 
tion there  has  been  no  return  of  symptoms. 
The  metabolic  rate  has  remained  normal. 

CONCLUSIONS 

1.  Not  all  types  of  goiter  are  amenable 
to  A'-ray  therapy.  The  colloid,  cystic  and 
simple  thyroids  should  not  be  subjected  to 
radiation. 

2.  Each  case  should  be  treated  as  an 
entity.  Routine  treatment  of  all  cases  is 
unsatisfactory. 

3.  Frequent  metabolic  determination  is 
an  indispensable  guide  in  the  treatment  of 
thyroids. 

4.  The  majority  of  cases  of  hyperthy- 
roidism and  exophthalmic  goiter  will 
respond  to  .v-ray  therapy. 


CLINICAL  PROBLEMS  IN  ROENTGEN  THERAPY  OE 
DEEP-SEATED  MALIGNANCY 

BY    CHAS.    L.    MARTIN,    M.D.,    AND    J.    M.    MARTIN,    M.D. 
Department  of  Roentgenology,  Baylor  Medical  School 


DALLAS, 

A  PERUSAL  of  the  current  literature 
must  undoubtedly  lead  the  uninitiated 
to  the  conclusion  that  the  application 
of  the  roentgen  rays  for  therapeutic  effect 
is  now  merely  a  problem  in  physics; 
that  one  need  only  apply  a  certain  per- 
centage of  a  given  dose  to  a  specified 
volume  of  tissue  to  produce  good  clinical 
results.  Such  a  conclusion  is,  of  course, 
a  most  erroneous  one.  Deep  therapy,  as 
the  name  implies,  was  elaborated  in  an 
effort  to  influence  deep-seated  malignant 
lesions,  but  the  efficient  treatment  of  such 
conditions  means  much  more  than  the 
application  of  a  calculated  dose  to  the 
prmiary  seat  of  the  trouble.  The  patient 
coming  to  the  radiologist  for  treatment 
is  usually  well  beyond  the  early  stages  of 
his  affliction  and  presents  symptoms  of  a 
varied  nature,  based  upon  one  of  many 
intricate  combinations  of  pathological 
lesions.  He  is,  unfortunately,  quite  often 
sent  to  the  roentgen  laboratory  only  after 
all  other  methods  have  failed.  Treatment 
should  be  planned  to  give  svmptomatic 
relief,  especially  where  a  complete  cure  is 
improbable.  It  is  first  necessary  to  take  a 
careful  history  and  carry  out  a  most 
thorough  and  searching  physical  examina- 
tion. The  data  obtained  should  be  filed  in 
permanent  form  in  the  laboratory,  for 
without  such  data  no  intelligent  idea  of 
clinical  progress  is  possible.  Information 
obtaineci  from  careful  examinations  made 
at  regular  intervals  following  the  irradia- 
tion should  be  filed  in  the  same  record.  It 
may  seem  unnecessary  to  mention  such 
examinations,  and  yet  there  are  many 
laboratories  in  which  they  are  not  made, 
and  many  of  the  case  records  are  extremely 
meaner  except  as  regards  physical  data. 
We  nave  seen  patients  receive  treatment 
in  a  cut  and  dried  manner  without  the 
removal  of  any  of  the  clothing,  the  plan 
of  attack  being  a  routine  one  for  the 
diagnosis  sent  in. 

Certain  radiologists  have  contended  that 
their  patients  should  be  examined  by  a 

Note.  Many  of  the  data  xised  in  compiling  this  article  were 


clinical  man  because  they  themselves  are 
not  capable  of  making  the  necessary 
investigations.  If  these  men  would  take 
up  the  study  of  the  clinical  course  of 
malignant  tumors  and  add  the  information 
gained  to  their  extensive  knowledge  of 
the  roentgenographic  appearance  of  malig- 
nancy in  the  chest,  bones,  stomach,  colon, 
kidneys,  etc.,  they  would  be  much  better 
prepared  to  examine  cases  of  malignancy 
than  the  average  clinical  man,  who  consid- 
ers cancer  as  only  one  of  the  branches 
of  his  work.  This  paper  is  written  in 
an  effort  to  turn  some  of  the  energies  of 
the  roentgen  therapist  from  the  field  of 
pure  physics  to  the  great  realm  of  gross 
pathology  and  biological  reactions;  for 
after  all,  we  are  treating  hving  patients 
and  not  tanks  of  water  having  a  depth  of 
so  many  centimeters. 

It  is  not  our  purpose  to  belittle  the 
importance  of  the  recent  progress  m  .v-ray 
physics,  but  rather  to  insist  that  the 
clinical  side  of  the  work  be  given  its  proper 
consideration.  At  least  two  problems 
should  be  considered  before  the  matter 
of  depth  dose  is  touched  upon.  These 
are:  First,  the  sensitiveness  of  the  normal 
structures  to  be  rayed,  and  second,  the 
nature  and  distribution  of  the  malignant 
cells  to  be  attacked. 

Accurate  data  relative  to  the  vulner- 
ability of  the  internal  structures  Is  quite 
meager.  We  know  that  the  mucous  mem- 
branes of  the  gastrointestinal  tract,  the 
bladder  and  the  trachea  are  relatively 
quite  sensitive.  Injuries  observed  in  the 
Intestines  of  experimental  animals  are 
described  by  Martin  and  Rogers.'  Wintz- 
states  that  ulcers  in  the  mucosa  were 
observed  in  his  pel\  ic  cases.  Evidence  has 
also  been  brought  forward  suggesting 
that  the  pulmonary  tissues  may  be  Injured. 
Intrathoracic  changes  are  fully  discussed 
by  Groover,  Christie  and  Merritt."  Miihl- 
mann^  has  described  untoward  effects  in 
fatty  tissue.  The  sali\ary  glands  and 
the  mucous  membrane  of  the  mouth  are 

taken  from  Ewing's  book  entitled  "Neoplastic  Diseases." 
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very  easily  influenced.  And  yet  more  work 
must  be  done  and  many  accurate  obser- 
vations recorded  before  we  can  set  down 
definite  figures  indicating  the  tolerance 
of  these  normal  tissues.  It  is  true  that 
figures  representing  the  tolerance  of  vari- 
ous tissues  have  been  published,  but  the 
very  fact  that  different  authors  disagree 
on  these  tolerance  doses  argues  agamst 
their  accuracy. 

Our   knowledge  of  the  sensitiveness  of 
the    many    forms    of   malignant    tissue    is 


Fig.  I.  Paths  of  metastasis  within  the  pelvis  secondary' 
to  carcinoma  of  the  prostate. 

also  rather  chaotic.  We  know  that  malig- 
nant tumors  arising  m  the  testicle,  larynx, 
uterine  cervix  and  breast  are  much  more 
sensitive  than  those  arising  in  the  prostate, 
rectum  and  stomach;  but  there  is  little 
written  regarding  the  exact  order  of  sensi- 
tiveness. Wood,"  in  an  effort  to  illustrate 
the  present  uncertainty  regarding  tumor 
sensitiveness,  sets  down  the  widely  different 
doses  proposed  by  Bumm  and  Seitz 
and  Wintz  for  the  cure  of  the  same  tumor. 
Here  again,  accurate  records  augmented 
by  good  pathological  reports  where  they 
are    obtainable,    will    slowly    build    up    a 


scientific  system  of  therapy.  It  may  be 
true  that  various  histological  types  of 
cancer  arising  In  the  same  location  possess 
\arylng  degrees  of  susceptibility  to  Irradia- 
tion, according  to  the  cell  type.  Many 
theories  of  this  order  ha\"e  been  backed  by 
little  or  no  recorded  clinical  evidence, 
and  must  therefore,  stand  as  theories  only. 


Fig.   2.    Possible   sites   of  wide-spread   metastases   in 
carcinoma  of  the  prostate. 

Although  this  biological  data  must  be 
obtained  in  the  future,  there  Is  much 
mformatlon  now  available  relative  to  the 
distribution  of  cancer  arising  in  the  various 
well-known  sites.  Records  written  at  the 
operating  and  autopsy  tables  indicate  the 
relative  malignancy  of  tumors  and  their 
most  likely  paths  of  extension.  We  have 
prepared  a  few  charts  illustrating  the 
usual  behavior  of  some  of  the  more  common 
neoplasms. 

Figures  i  and  2  illustrate  the  mode  of 
extension  observed  in  carcinoma  of  the 
prostate.  It  is  well  to  note  that  the  pros- 
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tate  is  bounded  behind  Ijy  the  rectum  and 
above  by  the  bladder,  while  the  urethra 
runs  through  it.  The  dose  dehvered  is, 
therefore,  definitely  limited  by  the  mucous 
membranes  of  these  structures,  regardless 
of  the  efficiency  of  our  apparatus.  The 
available  evidence  indicates  that  carcinoma 
of  the  prostate  is  a  very  resistant  tumor. 
Bumpus,*^  of  the  Mayo  Clinic,  reports 
only  3  patients  ali\e  three  years,  out  of 
217  receiving  radium  therapy.  Deming,^ 
who  has  had  much  experience  with  radium 
therapy  in  prostatic  malignancy  at  the 
Johns  Hopkins  Hospital,  insists  on  very 
heavy  doses,  and  states:  "Thus  far  we 
have  no  actual  proof  that  radium  has 
produced  an  actual  cure  for  cancer  of  the 
prostate  and  seminal  vesicles."  However, 
he  claims  that  "5  per  cent  of  his  patients 
receive  symptomatic  relief  and  50  per 
cent  of  the  cases  suffering  from  pain  in  the 
back  are  made  comfortable.  Such  benefit 
from  irradiation  makes  the  method  well 
worth  while,  even  though  it  may  not 
produce  an  actual  cure.  Symptoms  re- 
lie\ed  are  frequency,  nycturia,  hematuria, 
hesitancy,  dribbling,  small  stream,  com- 
plete retention,  residual  urine,  pain  in  the 
back  and  extremities,  and  loss  of  weight. 
In  examining  patients,  it  is  well  to  re- 
member that  a  malignant  area  may  be  con- 
cealed within  a  simple  hypertrophy  or  may 
appear  on  top  of  a  hypertrophy  and  give 
rise  to  a  hard  nodular  gland.  On  the  other 
hand,  the  malignant  area  may  be  so  small 
that  it  gives  practically  no  symptoms 
until  the  patient  is  riddled  with  metastases. 
The  earlier  paths  of  spread  are  shown  in 
Figure  i.  Extension  upwards  along  the 
seminal  vesicles  is  common  and  can  usually 
be  palpated  by  a  finger  in  the  rectum  as  a 
hard  nodular  mass.  However,  involvement 
ot  the  bladder  and  rectum  may  occur. 
One  of  our  cases  showed  actual  obstruction 
from  nodular  masses  surrounding,  but  not 
invading,  the  rectum.  With  the  exception 
of  the  inguinal  nodes  none  of  the  pelvic 
glands  invaded  through  lymphatic  dis- 
tribution can  be  discovered  by  physical 
examination.  Most  radiologists  are  famil- 
iar with  the  bone  metastases  so  frequently 
found  accompanying  a  prostatic  neo- 
plasm. Since  these  lesions  are  common  in 
the  lumbar  spine,  hips  and  pelvis,  films  of 


these  regions  should  be  taken  as  a  routine 
part  of  the  examination.  Figure  2  repre- 
sents the  widely  separated  sites  that  may 
become  involved  when  extension  gets  w'ell 
under  way.  In  such  cases  the  secondarv 
lesions  often  bring  the  patient  to  a  hospi- 
tal without  his  ever  realizing  that  the 
trouble  started  in  the  prostate.  About 
two  years  ago  an  old  man  was  brought  to 
Baylor  Hospital  because  of  weakness, 
loss  of  weight,  anemia,  and  vague  digestive 
disturbances.  The  supraclavicular  nodes 
were  involved  on  both  sides  and  a  plate  of 
the  chest  showed  the  mediastinal  nodes 
enlarged.  Irradiation  was  started  with  the 
belief  that  the  patient  had  Hodgkin's 
disease.  He  grew  worse  continually  and 
after  several  months,  died.  A  tissue  exam- 
ination revealed  a  prostatic  carcinoma. 
A  careful  examination  in  the  beginning 
might  have  disco\"ered  the  diagnosis  at  that 
time.  An  accurate  diagnosis  usually  makes 
possible  an  intelligent  prognosis  and  the 
institution  of  the  most  beneficial  form  of 
treatment. 

Figure  3  represents  the  types  of  exten- 
sion associated  with  carcinoma  of  the 
stomach.  The  surgeons  are  badly  in  need 
of  help  in  the  treatment  of  this  malady. 
The  better  clinics  report  about  20  per  cent  of 
three-year  cures  where  only  selected  cases 
are  operated  upon.  A  glance  at  the  chart 
will  explain  this  high  mortality  rate. 
The  circle  is  drawn  around  the  arrows 
representing  early  metastases.  The  liver 
and  the  nodes  beneath  it  are  invaded 
early.  All  radiologists  are  familiar  with 
the  fact  that  gastric  malignancy  usually 
gi\es  definite  symptoms  only  after  it  has 
become  well  ad\anced.  Consequently, 
metastases  areusually  well  underway  before 
the  patient  seeks  aid. 

Gastric  tumors  are  always  in  close 
proximity  to  many  intestinal  mucous 
surfaces,  which  limit  the  safe  amount  of 
irradiation  that  can  be  given.  The  scarcity 
of  favorable  reports  in  the  literature  leads 
us  to  the  conclusion  that  gastric  cancer  must 
be  very  resistant  to  irradiation.  Ernst* 
reports  3  cases  which  showed  a  gain  in 
weight  and  a  relief  of  pain  for  eight  and 
nine  months  following  copper-filtered  .v- 
ray  therapy.  Our  own  experience  has  not 
been  so  satisfactory.  The  distressing  symp>- 
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toms  usually  met  with  are  cachexia, 
anemia,  hemorrhage,  pain  and  digestixe 
disturbances.  It  is  to  be  hoped  that  some- 
one will  publish  a  description  of  a  large 
series  of  cases  which  ha\e  been  followed 
up  carefully  after  irradiation,  in  order 
that  the  degree  of  symptomatic  relief 
obtainable  may  be  ascertained.  The  marked 
treatment   sickness  which  follows  irradia- 


FiG.  3.  Multiple  paths  of  extension  wliich  have  been 
observed  with  carcinoma  of  the  stomach.  The  circle 
encloses  earher  lesions  which  often  appear  before 
symptoms  become  prominent. 

tion  of  the  epigastrium  makes  the  treat- 
ment of  this  region  quite  difficult.  W  hen 
metastases  have  reached  the  supraclavic- 
ular nodes,  the  brain,  or  the  pelvic 
viscera,  the  problem  of  administering  homo- 
geneous irradiation  becomes  a  most  com- 
plex one.  It  would  seem,  therefore,  that 
treatment  of  carcinoma  of  the  stom- 
ach will  not  be  likely  to  yield  the  most 
favorable  results. 

Figure  4  illustrates  the  extensions  which 
usuall}-    accompany    a    carcinoma    of   the 


head  ot  the  pancreas.  Malignancy  of  the 
tail  and  body  does  occur,  but  it  is  rare 
and  its  early  detection  is  extremely  diffi- 
cult. The  gall-bladder  is  shown  markedly 
distended  since  the  common  duct  is 
frequently  occluded  and  a  steadily  pro- 
gressive jaundice  is  one  of  the  most 
suggestive  symptoms.  Epigastric  pain  is 
usually  present  and  the  patient  snows  a 
rapidly  progressing  cachexia.  The  tumor  is 
almost  completely  surrounded  by  the  duo- 
denum and  is  covered  o\er  anteriorly  by  the 
stomach.  Gastrointestinal  mucosa,  there- 
fore, again  limitsthesizeof  the  safe  dose.  The 


Fig.  4.  Carcinoma  of  the  pancreas  rarely  spreads 
outside  the  abdomen  and  the  metastases  occupy  a 
rehitivelv  small  area. 


hterature  offers  little  relative  to  the  sensi- 
tiveness of  cancer  of  the  pancreas.  Richards^ 
reports  2  cases  which  showed  increase  in 
weight  and  relief  of  pain  almost  a  year 
after  copper-filtered  irradiation.  These  re- 
sults are  encouraging.  Since  pancreatic 
metastases  tend  to  remain  within  the 
abdomen  and  are  usually  situated  within 
a  relatively  small  area,  the  possibility  of 
obtaining  permanent  results  is  much  better 
than  with  gastric  cancer  where  the  exten- 
sion is  rapid  and  covers   much  territory. 
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The  problem  centers  about  the  relative 
sensitiveness  of  pancreatic  cancer  and  the 
intestinal  mucosa.  Since  a  dose  too  small 
to  produce  a  cure  will  often  cause  a  tem- 
porary' remission  in  the  growth  of  a  resis- 
tant tumor,  treatment  for  palliation  only 
is  worth  while,  even  where  the  normal 
structures  limit  the  most  effective  dosage. 


Fig.  5.  Testicular  tumors  metastasize  early  and  form 
rapidly  growing  abdominal  tumors. 

Cases  of  pancreatic  malignancy  are 
often  operated  on  with  a  diagnosis  of 
gall-stones.  Such  operations  offer  the  radi- 
ologist an  opportunity  to  discover  the 
extent  of  metastasis;  and  he  can  plan 
his  attack  better  after  having  been  at 
the  operating  table.  Surgeons  usually 
do  not  trace  out  the  \arious  metastases, 
but  a  careful  study  of  the  conditions  in 
the  abdomen  should  be  made  if  irradiation 
is  to  be  resorted  to.  \\  here  a  cancer  of 
the  pancreas  is  discovered,  a  search  should 
be  made  for  enlarged  glands  beneath  the 
liver  and  about  the  pancreas  itself.  The 


li\er  should  be  carefully  examined,  since 
the  secondary  nodules  are  sometimes  quite 
small.  The  peritoneum  and  mesenteries 
should  then  be  examined  for  nodules. 
It  is  especially  important  to  determine 
the  limit  of  downward  extension  if  we 
are   to   treat   all   the   diseased   tissues. 

The  metastatic  tendencies  of  malignant 
tumors  of  the  testicle  are  illustrated  in 
Figure  5.  This  drawing  indicates  only 
the  paths  of  lymphatic  distribution. 
Metastases  following  in\asion  of  the  iliac 
or  spermatic  \eins  may  form  new  growths 
in    the    kmgs,    li\er,    brain,    kidne\'    and 


Fig.  6.  Carcinoma  of  the  larynx,  when  extrinsic  in 
origin,  may  produce  widely  distributed  secondary 
lesions,  as  shown  by  the  arrows. 

Stomach.  However,  a  large  portion  of 
the  cases  afflicted  with  this  malady  consult 
a  physician  because  of  a  rapidly  growing 
abdominal  tumor,  usually  in  the  epigas- 
trium. The  primary  growth  in  the  testicle 
may  have  been  completely  overlooked. 
The  lymphatics  pass  upward  with  the 
spermatic  vessels  and  often  the  migrating 
cells  pass  rapidly  up  to  the  \icinity  of 
the  renal  vessels  before  they  begin  to  grow. 
They  are  occasionally  halted  further  down 
and  form  tumors  in  the  groin  or  iliac 
fossa.    At    a    later   stage   mediastinal   and 
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supraclavicular  glands  may  be  involved. 
The  patients  are  usually  young  men  who 
show  a  rapid  loss  of  weight,  fever,  anemia 
and  weakness  as  the  disease  advances. 
A  great  many  of  them  ha\'e  had  one  testicle 
removed  shortly  before  the  abdominal 
tumors  appeared.  These  cases  deserve  a 
general  examination,  since  it  is  of  the 
greatest  importance  to  attack  the  metas- 
tatic tumor.  Fortunately,  the  cells  of  these 
tumors  respond  quite  readily  to  irradia- 
tion. Bowing"  reports  prompt  disappear- 
ance of  the  metastases  In  many  of  his 
cases  treated  with  both  radium  and  roent- 
gen rays.  Good  results  are  usually  obtained 
if  the  disease  has  not  progressed  too  far. 
The  tumors  grow  rapidly  and  metastases 
form  very  early.  Surgical  removal  of 
the  testicle  often  falls  to  cure  the  patient 
and  should  always  be  accompanied  by 
Irradiation  applied  to  the  epigastrium 
and  along  the  whole  length  of  the  spermatic 
vessels.  We  ha^•e  found  no  reliable  data 
relative  to  three-  or  five-year  cures  in 
such  conditions.  Let  us  hope  that  accurate 
records  of  progress  are  being  kept  In 
some  of  the  laboratories  where  such  cases 
are  under  treatment. 

The  situation  encountered  In  carcinoma 
of  the  larnyx  Is  roughly  represented  In 
Figure  6.  The  points  of  origin  of  tumors 
in  this  region  influence  their  clinical  course. 
When  the  origin  is  intrinsic,  that  Is,  In 
or  about  the  vocal  cords,  the  tumor 
usually  grows  very  slowly,  is  accompanied 
by  considerable  ulceration  and  secondary 
infection,  and  gradually  invades  the  neigh- 
boring tissues,  causmg  death  by  dysphagia, 
hemorrhage,  suppuration  and  a  terminal 
infection.  When  the  origin  Is  extrinsic, 
metastases  form  fairly  early  In  the  glands 
of  the  neck,  both  superficial  and  deep. 
Direct  extension  occurs  in  the  tongue, 
pharynx  and  esophagus.  The  primary 
growth  shows  a  marked  tendency  toward 
ulceration  followed  by  suppuration.  Late 
metastases  may  be  found  in  the  brain, 
chest  and  abdomen  as  Indicated  In  the 
drawing.  Cancer  of  the  larynx  is  advan- 
tageously located  for  treatment,  since  it  is 
near  the  surface  and  is  accessible  Irom 
several  angles.  The  tracheal  mucosa  and 
the  salivary  glands  are  quite  sensitive, 
but  we  at  present  have  no  accurate  data 


concerning  their  relati\e  sensitiveness  as 
compared  with  that  of  laryngeal  car- 
cinoma. It  has  been  shown  however, 
that  this  type  of  growth  often  responds 
readily  to  irradiation  therapy.  The  case 
reports  published  by  Quick  and  Johnson,'' 
Freer'-  and  Pfahler''^  are  most  convincing. 


Fig.  7.  The  solid  arrows  represent  the  lines  of  spread 
observed  with  tumors  of  the  ovary.  The  broken 
lines  represent  the  paths  of  metastasis  from  intraliga- 
mentary  tumors. 

It  Is  a  puzzling  fact  that  a  certain  number 
of  the  cases  treated  by  these  authors 
showed  no  Improvement,  while  others 
cleared  up  rapidly.  An  Investigation  of  the 
causes  of  these  differences  would  be  most 
Interesting.  One  of  our  own  cases  showing 
almost  complete  occlusion  of  the  pharynx 
and  large  cervical  glands  has  remained  free 
of  visible  pathology  for  eight  months  follow- 
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ing  copper-filtered  irradiation.  Good  results 
can,  therefore,  be  obtained  with  anumberof 
these  patients  if  they  consult  a  radiologist 
before  distant  metastases  have  appeared. 

The  lines  ofextension  commonly  observed 
with  malignant  tumors  of  the  ovary  are 
portrayed  in  Figure  7.  These  tumors  may 
be  either  cystic  or  solid,  and  the  majority 
of  them  grow  slowly  and  show  a  low  grade 
of  malignancy.  The  first  symptoms  are 
often  caused  by  the  metastases  which 
commonly  appear  in  the  peritoneum, 
particularly  the  mesenteries  and  omentum. 


shows  a  lateral  view  of  the  abdomen 
of  a  woman  who  had  de\eIoped  many  large 
omental  masses  and  adhesions  and  came 
to  the  hospital  because  of  vague  digestive 
disturbances  associated  with  ascites.  Need- 
less to  say,  it  is  quite  important  to  obtain 
a  full  report  regarding  the  extent  of 
metastases  from  the  operating  surgeons 
when  a  malignant  o\ary  is  removed. 
The  outlook  in  cases  showing  a  few  peri- 
toneal implantations  in  the  pelvis  is  far 
superior  to  that  in  cases  showing  general 
abdominal  extension. 


Flc.  8. — Lateral  view  ol'  tlic  abdnnuTi  iollowiiiii;  the  removal  "I  4  qts.  of  Hiiid  and 
the  introduetion  of  carbon  dioxide  gas  in  an  advanced  case  of  carcinoma  ot  the 
ovary  with  multiple  abdominal  masses  and  adhesions. 


and  may  produce  interference  with  peri- 
stalsis and  actual  obstruction.  Ascites  is 
likely  to  be  present  and  adhesions  may  be 
plentiful.  In  advanced  cases  the  liver  and 
retroperitoneal  glands  are  invaded  and 
rarely  subcutaneous  nodules  and  bone 
metastases  occur.  Two  cases  have  been 
referred  to  us  which  were  operated  on  for 
intestinal  obstruction.  The  cause  of  the 
obstruction  was  revealed  by  the  pathologist 
who  examined  the  resected  specimens. 
The  paths  of  spread  for  intraligamentary 
tumors  are  usually  downward  rather  than 
upward,  as  indicated  by  the  broken  lines 
in  the  drawing.  Roentgenograms  of  the 
abdomen  made  following  the  rcmo\al 
of  fluid  and  the  production  of  pneumo- 
peritoneum have  helped  to  make  a  diag- 
nosis   in    wcll-ad\anced    cases.    Figure    8 


The  determination  of  the  sensitiveness 
of  ovarian  tumors  to  irradiation  is  difiicult. 
Most  of  the  cases  are  treated  after  the 
primary  growth  has  been  removed  surgi- 
cally, and  it  is  a  well-known  fact  that 
peritoneal  implantations  often  show  spon- 
taneous retrogression  where  no  treatment 
of  any  kind  is  given  following  operation. 
It  is  not  fair,  therefore,  to  give  all  the 
credit  for  clinical  !mpro^ement  to  irradia- 
tion. Schaefer'^  reports  some  excellent 
results  in  cases  irradiated  following  radical 
surgery,  although  he  had  a  number  ot 
failures.  Belot'^  claims  to  have  caused  a 
disappearance  of  ascites  and  general  im- 
pro\ement  in  a  case  with  peritoneal  metas- 
tases treated  following  operation.  This 
evidence  justifies  the  treatment  of  such 
patients,    although    the    dosage    must    be 
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regulated  so  as  to  safeguard  the  intestinal 
tract. 

Figure  9  represents  the  paths  ot  exten- 
sion ordinarily  observed  with  carcinoma 
of  the  fundus  of  the  uterus.  This  lesion 
usually  appears  at  or  after  the  meno- 
pause, and  the  first  sign  is  a  discharge 
which  later  becomes  bloody.  Pain  is  a 
very  late  symptom.  The  discharge  is 
likely  to  appear  while  the  tumor  is  local- 


FiG.  Q.  Carcinoma  of  the  uterus  extends  beyond  the 
uterine  walls  at  a  late  stage  in  the  disease  along 
the  paths  indicated  by  the  arrows. 

ized  within  the  thick  walls  of  the  uterus, 
and  consequenxly  surgical  removal  is  the 
treatment  of  choice  in  the  earlier  cases. 
The  network  of  lymphatics  which  sur- 
rounds the  tubes  and  ovaries  is  often 
invaded;  it  is  therefore  wise  to  do  a  total 
hysterectomy,  if  operation  is  decided  upon. 
The  symptoms  of  carcinoma  of  the  fundus 
are  identical  with  those  caused  by  a  num- 
ber of  benign  lesions  which  may  occur  in 
the  uterus,  and  a  diagnostic  curettage 
is  the  most  essential  step  in  making  a 
diagnosis.  One  of  the  .v-ray  tables  in  our 
laboratory  is  made  with  a  drop  leaf  and 


detachable  stirrups,  and  an  electrical  ster- 
ilizer is  placed  near  by.  A  diagnostic 
curettage  can  be  done  without  materially 
disturbing  the  equipment  of  the  .v-ray 
room.  All  pebic  cases  are  examined  on  this 
table  before  and  after  treatment.  When 
the  lumbar,  iliac  or  inguinal  nodes  have 
become  involved,  irradiation  must  be 
resorted  to.  Unfortunately,  only  the  in- 
guinal nodes  are  palpable  from  the  outside, 
but  it  seems  rational  to  cover  the  region 
occupied  by  the  iliac  and  lower  lumbar 
nodes  in  administering  treatment,  since 
they  may  also  be  involved.  Clark'*'  reports 
12  cases  alive  from  three  to  six  years 
following  the  use  of  radium.  Although  it 


Fig.  id.  Metastases  from  carcinoma  of  the  cervix 
are  usually  limited  to  the  soft  tissues  of  the  pelvis. 
Arrow  No.  6  represents  extension  into  the  abdomen, 
which  is  a  rare  occurrence. 

is  not  so  stated,  it  is  intimated  that  these 
were  early  cases.  We  have  at  our  disposal 
no  records  indicating  the  sensitiveness 
of  the  cells  making  up  the  metastatic 
deposits  in  the  nodes.  One  of  our  own  cases 
developed  a  recurrence  in  the  abdominal 
wall  following  operation.  A  very  large  dose 
of  copper  filtered  .v-rays  was  administered 
to  this  nodule  which  was  just  below  the 
skin.  The  dose  was  large  enough  to  cause 
a  bloody  diarrhea.  The  nodule  completely 
disappeared,  but  returned  in  six  months 
and  began  to  grow  rapidly.  The  same  dose 
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was  repeated  with  the  same  intestinal 
eftect  and  the  nodule  again  disappeared, 
only  to  reappear  in  about  six  months. 
Conclusions  should  not  be  drawn  from  one 
case,  but  we  are  inclined  to  believe  that 
the  cells  of  these  tumors  are  quite  resistant 
so  far  as  complete  extermination  is 
concerned. 

The  mode  of  spread  accompanying 
carcinoma  of  the  cervix  is  indicated  In 
Figures  10  and  11.  Almost  everyone  is 
familiar     with     the     triad    of    symptoms 


that  begins  above  the  field  of  vision. 
On  two  occasions  such  cases  were  referred 
to  us  with  a  diagnosis  of  fibroids  of  the 
uterus  by  clinicians  who  had  been  misled 
by  the  normal  picture  seen  through  the 
speculum.  A  cystoscopic  exammatlon  will 
determine  the  condition  of  the  posterior 
bladder  wall,  which  often  has  an  appear- 
ance suggesting  a  group  of  crowded  vesi- 
cles when  actual  In\asIon  has  occurred. 
Pain  has,  In  our  experience,  many  times 
been  secondarv  to  stricture  of  the  ureter 


Fig.  1 1.  Lateral  extensions  into  the  parametrium  with  occlusion  of  the  ureters  usually 
produce  the  fatal  outcome  in  carcinoma  of  the  cervix. 


(discharge,  hemorrhage  and  pain)  which 
is  so  characteristic  of  this  affliction. 
The  diagnosis  of  the  primary  lesion  is 
usually  easy  where  facilities  for  doing  a 
routme  pelvic  examination  are  available. 
One  of  the  most  Important  procedures  Is  a 
rectal  examination.  This  Is  not  done  in  an 
effort  to  examine  the  rectum  Itself,  so 
much  as  to  determine  the  degree  of  exten- 
sion of  Indurated  tissue  out  along  the 
broad  ligaments.  Such  extension  is  almost 
in\arlably  present  except  in  very  early 
cases  and  its  presence  or  absence  plays  an 
important  role  in  the  prognosis  as  well  as 
the  treatment.  Should  this  induration  be 
discovered  when  the  cervix  looks  normal, 
the  upper  cer\ical  canal  should  be  exam- 
ined with  great  care  for  the  type  of  cancer 


(Fig.  11)  and  in  such  cases  a  genito- 
urinary consultant  Is  asked  to  catheterize 
the  ureter  on  the  affected  side,  and  a 
pyelogram  Is  made.  One  is  struck  at  once 
in  studying  advanced  and  recurrent  cases 
with  the  frequency  with  which  the  chief 
complaint  is  pain  In  one  hip  and  one  side 
of  the  pehls  referred  down  to  the  groin 
and  inner  side  of  the  thigh  and  up  to  the 
costovertebral  angle.  A  high  fever  coming 
on  top  of  such  symptoms  usually  Indicates 
the  presence  ot  a  pyonephrosis.  Figure  12 
shows  a  dilated  ureter  and  kidney  pelvis 
which  were  producecl  by  such  a  malignant 
stricture.  Irradiation  in  this  case  gave 
complete  relief  of  pain  fur  a  period  of  a 
\car.  FIowe\er,  such  treatment  has  In 
our    hands    often    failed    to    rclie\e    these 
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strictures.  When  both  ureters  are  stenosed 
death  is  imminent.  Ewing''  states:  "The 
natural  termination  of  most  cases  of  uter- 
ine cancer  is  through  uremia  from  occlu- 
sion of  the  ureters."  Fever  is  as  likely  to 
be  due  to  a  cystitis  or  pyelitis  as  an 
infection  in  the  growth  itself.  Such  an 
infection  should  be  treated  medically  be- 
fore Irradiation  is  begun.  Fistulae  opening 
either  into  the  rectum  or  the  bladder  may 
often  be  closed  or  partially  closed  by 
applying  radium  to  the  edge  of  the  open- 
ing in  quantities  sufTicIent  to  cause  marked 
contraction.  The  se\"ere  skin  irritation 
about  the  vulva  accompanying  a  fecal 
fistula  has  healed  when  kept  continuously 
covered    with    a    coating     of    zinc    oxide 


Fig.  12.  Pyelogra7ii  illustrating  a  iiydroncphrosis 
caused  by  a  stricture  of  the  ureter  secondary  to 
carcinoma  of  the  cervix.  The  symptoms  were  typical 
of  stricture  of  the  ureter. 

ointment.  Arrow  6  in  Figure  10  represents 
extension  up  into  the  abdomen,  but  this 
type  of  extension  is  rarely  encountered. 
It  is  for  this  reason  that  carcinoma  of  the 
cervix  and  its  compactly  arranged  metas- 
tases are  so  effectiNely  rayed.  The  deep 
pelvic  glands  are  in\"aded  late  in  the  dis- 
ease, but  their  enlargement  cannot  be 
detected  from  the  outside  of  the  body. 
When  large  doses  are  applied  it  should  be 
remembered  that  the  cervix  Is  bounded  In 


front   by  the  bladder  and  behind  by  the 
rectum. 

The  proof  in  the  literature  of  the  sen- 
sitiveness of  carcinoma  of  the  cervix  is 
too  extensive  to  be  doubted  and  no  attempt 
will  be  made  to  set  down  the  many  refer- 
ences which  describe  excellent  results. 
It  Is  an  established  fact  that  many  early 


Fig.     13.    The    complicated  metastatic  possibilities  in 
carcinoma  of  the  breast. 


cases  have  been  cured  and  many  ad\anced 
ones  relieved  of  symptoms.  It  is  somewhat 
discouraging  to  note  that  Seltz'^  was 
unable  to  increase  his  percentage  of  fhe- 
year  cures  when  deep  x-ray  therapy  \\as 
added  to  the  radium  therapy  already  in 
use.  Involvement  of  the  bladder,  rectum, 
vagina  or  ureters  makes  the  prognosis 
poor,  and  the  presence  of  such  Involvement 
should  be  known  before  treatment  Is  begun. 
The  chart  shown  in  Figure  13  represents 
the    very   complex   situation   encountered 
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in  cancer  of  the  breast.  It  would  be  well 
for  the  surgeon  to  have  this  chart  in 
mind  when  he  is  contemplating  the  removal 
of  a  breast  for  carcinoma,  since  many  of 
these  metastases  occur  early  and  are  not 
touched  by  the  most  radical  operation. 
This  statement  is  well  borne  out  by  a  table 
of  statistics  published  by  Sistrunk  and 
McCarty,^''  of  the  Mayo  Clinic.  Two 
hundred  eighteen  cases  operated  upon  for 
cancer  of  the  breast  were  followed  for  five 
to  eight  years.  Only  63.9  per  cent  of  those 
showing  no  glandular  involvement  and  18.9 
per  cent  of  those  showing  glandular  mvolvc- 
ment  were  alive  at  the  end  of  that  period. 
In  other  words,  36.1  per  cent  of  the  cases 
having  no  glands  in  the  axilla  or  neck 
died  of  metastases,  and  those  cases  that 
did  have  glands  palpable  had  only  one 
chance  in  five  of  being  cured  by  a  radical 
amputation.  Obviously,  the  surgeon  needs 
help.  A  careful  physical  exammation  should 
precede  any  form  of  treatment.  Both 
axillae,  both  sides  of  the  neck,  both 
breasts  and  the  subcutaneous  tissues  in 
general  should  be  gone  over  with  the  fingers. 
The  liver  edge  should  be  palpated  and 
the  abdomen  examined  for  masses.  Films 
of  the  chest,  spine  and  pelvis  should  then 
be  made,  regardless  of  the  symptoms. 
Films  of  the  chest  are  of  the  greatest 
importance  and  should  be  repeated  at 
regular  intervals  following  treatment,  since 
lung  lesions  often  come  on  insidiously 
and  cannot  be  detected  with  the  stethoscope 
until  they  reach  a  considerable  size.  The 
various  types  of  pulmonary  lesions  are 
well  described  by  Carman.-"  Se\eral  cases 
have  been  referred  to  us  following  opera- 
tion with  definite  lung  involvement.  These 
patients  might  have  been  saved  a  major 
operation  if  a  radiologist  had  been  called 
in  consultation  when  the  preliminary  exami- 
nations were  made.  During  the  past 
three  years  we  have  treated  our  postopera- 
tive cases  by  covering  the  lymphatic 
channels  o\er  the  chest  as  thoroughly  as 
possible.  Very  few  of  these  cases  ha\e 
developed  pulmonary  metastases.  The 
majority  of  those  that  did  not  do  well 
died  with  extreme  pain  in  the  lower  back 
and  hips,  often  in  the  absence  of  demon- 
strable bone  lesions.  We  ha\e  assumed 
tliat   the  pain   was  due  to  the  presence  ol 


enlarged  retroperitoneal  glands.  Be  that 
as  it  may,  it  seems  probable  that  abdominal 
metastases  were  present  at  the  time 
that  treatment  was  started.  The  problem 
ot  applying  homogeneous  irradiation  to  such 
a  widespread  distribution  of  diseased 
tissue  is  not  an  easy  one.  We  have  been 
considering  the  advisability  of  beginning 
treatment  over  the  lower  spine  and  work- 
ing upward,  since  the  terminal  lesions 
are  so  often  in  the  lower  portion  of  the 
body.  There  is  no  method  available  for 
the  detection  of  most  of  the  subdiaphrag- 
matic secondary  lesions  and  it  is  probably 
best  to  assume  that  they  are  always 
present. 

Proof  of  the  sensitiveness  of  the  ceils 
of  breast  cancer  to  irradiation  is  abundant 
and  need  not  be  established  here.  Numerous 
reports  of  the  retrogression  of  palpable 
glands  are  also  available.  That  deep- 
seated  lesions  may  also  be  favorably 
influenced  is  illustrated  by  the  roentgeno- 
grams   of    the    chest    shown    in    Figures 

14  and  15.  On  Mar.  2,  1921,  the  patient 
underwent  a  radical  removal  of  the  left 
breast,  and  .v-ray  treatment  was  advised. 
The  tumor  was  found  to  be  an  adenocar- 
cinoma, but  no  histological  e\"idence  of 
malignancy  could  be  made  out  in  the 
axillary  glands.  The  chest  was  clear  at 
the  time  of  the  operation.  Soon  afterward 
a  hard  subcutaneous  mass  was  found  in 
the  epigastrium  and  was  rayed  vigorously. 
The  patient  did  well  until  Mar.  8,  1922, 
when  she  returned  because  of  pain  in  the 
posterior  portion  of  the  right  chest.  The 
roentgenogram  shown  in  Figure  14  was 
made  at  that  time.  The  circular  plaque 
seen  at  the  right  base  is  characteristic 
of  malignancy  and  appeared  to  be  attached 
to  the  diaphragm.  The  anterior  posterior 
diameter  of  the  chest  measured  ~  in. 
We  administered  ~20  ma.  min.  to  an  area  20 
cm.  square  laid  out  on  the  back  of  the 
right  chest  so  that  it  was  centered  over 
the  lesion  shown  in  the  film.  The  dose 
was  gi\'en  with  6  ma.  flowing  at  a  sphere- 
gap  reading  of  140  k\".,  a  target-skin 
distance  of  12  in.,  and  a  lilter  ot  '  ■_>  mm. 
Cu.  and  i  mm.  Al.  We  gave  360  ma.  min. 
over  the  anterior  chest  wall  using  an  area 

15  cm.  square.  On  Oct.  ~,  1922,  she  re- 
turned,    showing     no    loss    of    weight    or 
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strength.  A  film  oi  the  chest  showed  a  retro- 
gression of  the  plaque  shown  in  Figure  14. 
She  still  complained  of  pain.  We  gave  360 
ma.  min.  over  the  back  over  a  20  cm. 
square,  but  the  patient  refused  further 
treatment  because  of  a  severe  treatment 
sickness.  On  Mar.  17,  1923,  she  felt  better 
and  had  still  lost  no  weight.  Figure  15 
shows  the  chest  as  it  appeared  at  that 
time.  The  nodule  had  almost  completely 
disappeared.  A  year  and  four  months 
have  elapsed  since  the  first  treatment  was 


SUMMARY 

The  deep  therapist  should  know  some- 
thing of  the  sensitiveness  of  the  normal 
structures,  the  sensiti\eness  of  neoplastic 
cells  and  the  usual  clinical  progress  of 
the  various  types  of  neoplasms,  as  well 
as  the  pure  physics  of  depth-dose  deter- 
mination. Carefully  written  records  con- 
taining repeated  physical  examinations 
will  eventually  establish  the  true  value  of 
our   recent    progress   in   .v-ray   physics   as 


Fig.    14.   An  t-arly  metastatic  nodule  within  the  base       Fig.   15.  A  film  of  the  chest  shown  in  Figure   14  one 
of  the    right   lung   secondary   to   carcinoma   of  the  year  later.  This  result  was  obtained  with   intensive 

left  breast.  irradiation. 


given  and  the  patient  states  in  a  recent 
letter  that  she  feels  well  and  is  now  free 
of  pain.  This  case  illustrates  the  importance 
of  being  constantly  on  the  alert  for  new 
metastases.  A  repeated  careful  physical 
examination  is  by  no  means  the  least 
important  procedure  coupled  with  deep 
therapy. 

This  brief  paper  illustrates  a  few  of 
the  problems  in  radiotherapy  outside  the 
field  of  physics.  Needless  to  say  there  are 
numerous  types  of  malignant  tumors  that 
we  ha\e  not  touched  upon.  An  article 
dealing  with  all  the  known  varieties  would 
approach  a  book  in  size. 


applied  to  the  patient.  The  radiologist  who 
can  make  an  accurate  diagnosis  and  give 
a  reliable  prognosis  will  soon  acquire  a 
place  of  dignity  among  his  fellow-practi- 
tioners of  medicine. 
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BIOLOGICAL   REACTION  OF  X-RAYS:  THE  INFLUENCE 

OF   X-RAY  TREATMENT  ON  THE  COMPLEMENT 

CONTENT  OF  THE  BLOOD  OF 

CANCER  PATIENTS 

BY    CARL    F.    CORI,  M.D. 

With  the  Assistance  of  Miss  H.  DeNiord 
From  the  State  Institute  for  the  Study  of  Malignant  Disease 

BUFFALO,    NEW  YORK 


AMONG  those  constituents  of  the 
blood  which  vary  in  normal  indi- 
viduals within  only  very  narrow  limits  is 
the  complement.  Mandelbaum'  in  1916 
stated  that  the  complement  content  of  the 
blood,  if  examined  immediately,  is  constant 
not  only  for  normal  indi\'iduals,  but  also 
in  a  variety  of  diseases.  This  data  for 
normal  individuals  was  substantiated  by 
Cori  and  Radnitz-  in  1920,  but  could  not 
always  be  confirmed  in  the  case  of  diseased 
individuals. 

No  variation  in  the  complement  content 
of  the  blood  of  normal  persons  was 
observed  even  when  examined  during 
successive  days  or  weeks.  In  disease,  how- 
ever, variations  of  the  complement  con- 
tents from  its  normal  value  may  occur. 
Thus  during  the  febrile  period  of  various 
infections  the  complement  is  \ery  often 
increased,  returning  again  to  normal  at  the 
end  of  the  fe\er  period. 

This  paper  shows  that  patients  under 
.v-ray  therapy  may  exhibit  variations  of  the 
complement.  These  variations  rapidly  ad- 
just themselxes  to  normal  after  the  x-ray 
treatment.  Our  data  show  that  there  are 
mechanisms  in  the  body  \\hich  attempt 
always   to   keep  the   complement   at    the 

'  Mandel».\1'.m.  Miiiuh.  med.  Wthnsdtr.,  igu>.  p.  lo.io. 

^  CoRi  and  R.\i).\nz.  Ztsthr.  f.  ImmunitiUsforch.,   1920,  x.xix, 

44.';. 


same  level.  This  fact  is  particularly  brought 
out  by  Schiitze  and  Scheller'  who  have 
proved  that  the  complement  of  rabbits  is 
restored  in  two  to  four  hours  after  it  has 
been  completely  used  up  by  the  injection  of 
washed  sheep  corpuscles. 

In  a  pre\ious  investigation-  it  was  found 
that  the  complement  titre  of  patients 
subjected  to  .x-ray  treatment  is  changed 
from  Its  normal  value.  These  experiments 
were  repeated  on  a  larger  scale  to  see  if 
there  was  any  relationship  between  the 
amount  of  radiation  received  by  the  body 
and  the  variation  of  the  complement. 

E.XPERI.MENTS 

The  titration  of  the  complement  was  as 
follows:  3-4  c.c.  of  blood  was  drawn  from 
the  cubital  \"ein  and  centrifuged  as  soon  as 
the  blood  was  clotted.  The  clear  serum 
was  quickly  worked  up  so  that  forty 
minutes  after  the  blood  was  taken  the 
system  could  be  placed  in  the  incubator. 
For  the  dilution  of  the  scrum  the  following 
technique  was  used:  0.5  and  0.4  c.c.  ot  the 
serum  was  diluted  to  i  c.c.  with  normal 
saline,  0.5  c.c.  of  these  mixtures  were 
transferred  to  other  tubes  containing  0.5 
c.c.    salt    solution    and    the    process    con- 

>  .ScuCrziiand  Smiri.i.KK.  Zts,lir.f.  ilyg..  u.  I nfciiiofts-krijnkli.. 
1901.  xxxvi,  459. 
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tinned  as  often  as  desired.  In  this  manner 
different  dilutions  of  serum  were  obtained, 
each  subsequent  dilution  being  exactly 
half  of  the  preceding  one.  Each  tube  was 
made  up  to  i  c.c.  by  the  addition  of  0.5 
c.c.  normal  saline.  One  c.c.  of  sensitized 
corpuscles  was  then  added  and  each  tube 
thoroughly  mixed  and  incubated  for  one 
hour  at  37°  when  the  final  reading 
was  taken.  The  first  tube  that  showed 
complete  hemolysis  and  no  trace  of  tur- 
bidity on  shaking  was  chosen  as  the  dilution 
indicating  the  titre  of  the  serum.  The 
dilution  of  serum  in  the  tables  is  expressed 
as  c.c.  of  serum  present  in  each  tube.  The 
following  dilutions  were  employed:  0.2, 
0.125,  o.i,  0.075,'  0.06,  0.05,  0.03,  0.025, 
0.015. 

The  sheep  corpuscles  were  sensitized 
as  follows:  equal  parts  of  2.5  per  cent 
corpuscles  and  amboceptor  were  mixed 
together  as  quickly  and  thoroughly  as 
possible.  The  amboceptor  obtained  from 
the  Lederle  Antitoxin  Company  was  used 
in  a  concentration  three-fold  the  strength 
necessary  for  complete  hemolysis. 

In  connection  with  this  investigation  it 
was  of  greater  importance  to  calculate  the 
entire  x-ray  dose  recei\ed  by  the  body 
than  to  record  the  skin  dose  or  the  tumor 
dose,  since  changes  in  the  complement  are 
systemic  effects.  For  the  calculation  of  this 
body  dose  a  certain  unit  "Ax"  was  used, 
the  definition  of  which  will  be  given  by 
Dr.  Stenstrom  in  another  paper. 


TABLE  I 

IMPLEMENT 

CONTENT   OF   THE 
PERSONS 

BLOOD 

OF    NORM 

Cases 

Date 

Complement 

I 

10/18/22 

■05 

4/17/23 

05 

2 

10/18/22 

4/17/22 

06 
05 

3 

10/18/22 

10/18/22 

4/17/22 

0,- 

03 
05 

4 

10/18/22 

05 

5 

10/18/22 

05 

6 

10/18/22 

05 

7 

10/18/22 

05 

Table 

II 

COMPLEMENT  CONTENT  OF  THE  BLOOD  OF  TLMOR  PATIENT 

Cases 

Complement 

2 

.  I 

3 

12 

.075 
.06 

37 

13 

8 

2 

.05 
■03 
.025 
.015 

This  table  shows  that  there  is  no  appre- 
ciable variation  in  the  complement  con- 
tent of  normal  individuals.  The  normal 
value  for  complement  is  0.06-0.05. 

1  The  tube  containing  0.075  c.c.  of  serum  was  prepared  from  the 
dilution  0.25.  the  latter  being  omitted. 


The  data  indicates  that  64  per  cent  of 
the  patients  examined  were  within  the 
normal  complement  limits,  while  30  per 
cent  were  above  and  6  per  cent  below  the 
average  value.  All  these  cases  with  the 
exception  of  2  had  a  negative  Wassermann. 
The  Influence  of  radiation  on  the  comple- 
ment contents  of  the  blood  of  tumor 
patients  is  shown  in  Tables  III,  IV 
and  V. 

These  tables  show  the  following  facts: 

1.  Patients  under  .\-ray  treatment  may 
undergo  changes  In  their  complement 
values.  These  variations  of  complement 
content  do  not  seem  to  bear  any  close 
relationship  to  the  amount  of  radiation 
received  by  the  body,  since  patients  with 
the  same  type  of  lesion  and  same  quantity 
of  radiation  may  show  an  increase  or 
decrease  of  complement.  This  behavior 
reveals  great  individual  differences  of 
patients  in  their  response  to  radiation. 
This  Is  in  contrast  to  the  more  uniform 
sensitiveness  of  the  skin  toward  x-rays 
as  measured  by  the  constancy  of  the 
erythema  dose. 

2.  Table  IV,  in  which  very  small  radia- 
tion was  employed,  tends  to  show  that 
no  change  In  complement  occurs  below 
150  Ax.  Above  this  quantity  of  radiation 
changes  of  complement  are  likely  to  take 
place.  Howe\er,  no  general  rule  can  be 
made,  since  it  will  be  seen  (Table  III) 
that  even  with  very  high  radiation  (3,590 
Ax)  no  fluctuation  of  complement  will 
occur. 

3.  It  Is  interesting  to  note  that  a  large 
percentage  of  those  patients  In  whom  a 
pronounced  drop  of  complement  took 
place  after  radiation  had  already  died 
when  this  work  was  completed.  This 
observation  may  be  of  prognostic  value 
for  determining  whether  It  Is  safe  to 
continue  with  x-ray  treatment.  Thus  it 
mav  be  used  as  a  measure  of  the  amount 
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Table  III 

EFFECT     OF     HE.WV     R.\DIATION     ON     THE     COMPLEMENT    CONTENT    OF    THE    BLOOD    OF    CARCLVOMA    PATIENTS 

Carcinoma  of  the  Cervix 


Complement 
Before 

Body  Do.se 

Complement 
After 

File 
Number 

Lesion 

Remarks 

Date 

Value 

Date 

Ax 

Date 

Value 

I 

7415 

Group  4 

2/27/22 

.06 

2/28/22 

1040 

3/1/22 

.2 

Died 

2 

7473 

11/23/22 

.05 

11/27/22 

IIIO 

11/27/22 

05 

3 

7744 

Group  3 

■/K/23 

.05 

I /i 1/23 

1490 

1/12/23 

05 

4 

6960 

Group  4 

3/28/22 

■03 

3/30/22 

1630 

3/31/22 

05 

? 

7748 

Group  2 

10/24/22 

.05 

10/24/22 

1820 

10/24/22 

05 

6 

7872 

Group  3 

2/19/23 

.025 

2/19-20/23 

1950 

2/21/23 

03 

7 

7754 

Group  4 

10/10/22 

.015 

11/14-15/22 

2250 

11/16/22 

07'; 

8 

7646 

Group  4 

3/  7/23 

•05 

3/  8/23 

2510 

3/  9/23 

06 

0 

7871 

Group  4 

2/22/23 

•05 

2/22-23/23 

2730 

2/23/23 

05 

No  history 

10 

7653 

Group  3 

11/28/22 

•05 

11/28/22 

2970 

11/29/22 

05 

No  history 

II 

7869 

Group  3 

2/19/23 

•05 

2/20-21/23 

3070 

2/21/23 

0,- 

Died  April,  1923 

12 

7665 

Group  3 

4/  4/23 

•05 

4/  6/23 

3590 

4/  7/23 

05 

13 

7830 

Group  4 

2/27/23 

.05 

2/27/23 

3540 

2/28/23 

05 

14 

7094 

Group  3 

1/  9/23 

.05 

1/  9/23 

3670 

1/11/23 
1/16/23 

025 
05 

15 

6156 

Group  4 

4/  7/22 

.05 

4/  6/22 

3710 

4/  6/22 

4/1 1/22 

125 
05 

Died  July,  1922 

i6 

7887 

Group  4 

1/23/23 

.05 

1/23/23 

3960 

1/23/23 

03 

17 

7778 

Group  3 

11/22/22 

.05 

11/22/22 

4080 

11/23/22 

025 

i8 

7875 

Group  2 

2/21/23 

•05 

2/21/23 

4590 

2/22/23 

.025 

Carcinoma  of  the  Rectum 


7737 
7374 

7398 
7199 


Group  3 
Group  4 


10/27/22 
4/19/22 

3/21/22 
4/25/22 


.025 
.05 

■  03 
.06 


11/24/22 
4/20/22 

3/21/22 

4/26/22 


1780 
1780 

1680 
1530 


11/25/22 

.05 

4/2 (/22 

.2 

4/27/22 

•05 

3/22/22 

•2 

4/26/23 

.  I 

5/  1/23 

.05 

Died  Oct.,  1922 

No  history 
Died  Feb.,  1923 


Hypernephroma  Right  Kidney 

I 

2 

7393 
7863 



3/28/22  :  .05 
2/  8/22  .03 

3/30/22    1460 
2/  8/22    1300  1 

3/31/22 
2/  8/22 

.125 
.03  ^ 

Carcinoma  of  the  Breast 


7350 
7703 
7292 

7041 

7347 
7315 
6615 
6681 

6403 


Group  3 
Group  3 

Group  4 

Group  4 


Group  4 
Group  4 


3/19/22 
3/  8/23 

2/14/22 

.06 

.  I 

3/19/22 

.06 

3/  2/23 

3/24/22 
3/27/22 

3/16/22 

•  03 
.05 
.05 

•  075 

1/23/23 

.06 

3/19-20/23 

3/  9/23 
12/14/22 

960 
1350 
1370 

3/20/22 

1760 

3/  2/23 
3/29/22 
3/27/22 
3/  6/22 

2280 
3080 
3140 
3230 

1/24/23 

3710 

3/20/23 

.03 

3/  9/23 

.06 

12/16/22 

•03 

12/20/22 

.  I 

3/20/22 

.025 

4/12/22 

.05 

3/  2/23 

.025 

3/  3/22 

.05 

3/27/22 

.05 

3/  7/22 

1/24/23 

•03 

2/  1/23 

.06 

Died  June,  1922 


Carcinoma  of  the  Esophagus 


I  7740 


11/28/23 


.05 


11/28/23 


1320 


11/29/23 


03       No  historj' 


Carcinoma  of  the  Bladder 

I 

7889 

3/  6/23  [  .03     3/  7/23   :  1900 

3/  7/23 

.05  1 

Sarcoma  of  the  Bone 


I  7677 


Group  3 


11/25/22      .06 
ii/3'/23      .06 


I I /27/22 
2/  1/23 


1360  I  11/27/22 
1480    2/  I./23 


.03  '  Died  May,  1923 
.03 
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Table  IV 

EFFECT     OF     LIGHT     RADIATION     ON     THE     COMPLEMENT    CONTENT    OF    THE    BLOOD    OF    CARCINOMA    PATIENTS 


Complement 

Body  Dose 

Complement 

File 
Number 

Lesion 

Date 

Value 

Date 

A.V 

Date 

Value 

I 

743" 

Lip 

5/12/22 

.025 

5/12/22 

* 

5/12/22 

03 

2 

6319 

Cheek 

5/18/22     .03 

5/19/22 

5/19/22 

03 

3 

7529 

Lip 

5/16/22     .025 

5/16/22 

* 

5/16/22 

025 

4 

7490 

Lip 

5/24/23     .05 

5/24/23 

5/24/23 

05 

5 

7509 

Lip 

5/19/22     .05 

5/19/22 

5/19/22 

05 

6 

6750 

Breast 

6/  5/22    .025 

6/  7/22 

* 

6/  7/22 

025 

7 

7718 

Cervix 

3/22/22    .05 

4/  8/22 

130 

4/  8/22 

03 

8 

6930 

Lip 

5/13/22    .025 

5/13/22 

150 

5/13/22 

025 

9 

6737 

Lip 

5/28/22  1  .05 

5/25/22 

170 

5/25/22 

05 

10 

7467 

Arm 

3/30/22    .06 

3/30/22 

210 

3/31/22 

03 

II 

5912 

Larynx 

I /i 1/22    .05 

l/lI/'22 

400 

1/12/22 

05 

12 

6726 

Cheek 

5/10/23    .025 

5/13/23 

430 

5/13/23 

015 

13 

7683 

Lvmph-nodes 

11/23/22    .06 

11/23/22 

460 

11/23/22 

075 

14 

7470 

Jaw 

4/  3/22    .075 

4/  3/22 

480 

4/  3/22 
4/  4/22 
4/  5/22 

03 

075 
075 

>5 

741 1 

Thorax 

2/25/22    . I 

2/27/22 

570 

2/28/22 

075 

16 

7683 

Lymph-node 

11/28/22    .05 

11/28/22 

720 

11/28/22 

05 

17 

7260 

Ear 

3/13/22    .075 

3, 14/22 

800 

3/14/22 

0-5 

*  Four-minute  treatment. 


Table  V 

EFFECT   OF   DiyiDED  .V-RAY   DOSES   ON  THE   COMPLEMENT    CONTENT    OF    THE    BLOOD    OF    CARCINOMA    PATIENTS 


Complement 


Number  :     Lesion 


Body  Dose 


Complement 


!       Date 


Value 


Date 


Date 


Valu 


Remarks 


7879 

Breast 

2/27/23 

.05 

3/  6/23 

790 

Group  I 

3/  1/23 
3/  3/23 

.05 
.05 

3/  7/23 
3/  8/23 
3/  9/23 

790 
790 
790 

3/  7/23 

3/  9/23 
3/12/23 
4/  9/23 

.025 

.025 

.03 

•05 

7925 

Breast 

3/26/23 

.05 

Group  3 

4/  2/23 

.05 

4/  2/23 
4/  3/23 
4/  4/23 
4/  5/23 
4/  6/23 
4/  7/23 

1600 
1600 
1600 
1600 
1600 
1600 

4/  3/23 

4/  7/23 
4/  9/23 
4/30/23 

■  075 

.075 
.06 

■05 

7918 

Femur 

3/'9/23 
3/20/23 

•03 

.03 

3/21/23 
3/22/23 
3/23/23 

480 
480 
480 

3  22/23 
3/23/23 

3/24/23 

.05 
.06 
.05 
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of  radiation  tolerated  by  the  individual. 
To  establish  finally  the  practical  applica- 
tion of  this  observation  it  would  be  neces- 
sary to  evaluate  the  complement  of  a 
large  series  and  variety  of  cases. 

In  order  to  see  if  these  variations  of  the 
complement  were  due  to  the  direct  action 
of  the  x-rays  on  the  blood,  the  following 
test-tube  experiments  were  performed. 
Defibrinated  blood  or  serum  of  patients 
which  showed  an  increase  of  their  com- 
plaint on  radiation  was  placed  in  narrow- 
test-tubes  of  equal  diameter  and  sub- 
jected in  a  thin  layer  to  radiation.  As 
soon  as  radiation  was  completed  the  tubes 
were  placed  on  ice  and  the  titre  determined 
as  quickly  as  possible.  Control  tubes 
were  treated  in  a  similar  manner  with  the 
exception  that  they  received  no  radiation. 
In  these  experiments  an  increase  of  com- 
plement was  never  observed.  On  the 
contrary  a  decrease  took  place  after  about 
eight  to  ten  minutes'  radiation  with  2.5 
mm.  AL,  141  kv.,  5  ma.  and  30  cm.  distance. 
These  facts  indicate  that  the  increase  of 
complement  observed  after  the  x-ray 
treatment  of  certain  patients  is  due  to 
factors  other  than  the  influence  of  radia- 
tion on  the  blood  itself.  Since  in  spite  of 
the  destruction  of  the  complement  of 
x-rays  patients  after  radiation  often  show 
no  change  or  even  an  increase,  one  must 
assume  that  new  complement  is  being 
liberated  into  the  blood  stream.  In  those 
patients  showing  a  diminution  of  the 
complement  the  regenerative  process  is, 
or  has  been,  apparently  delayed.  That  this 
is  the  case  is  shown  in  Table  III  by  the 
fact  that  the  complement  eventually  re- 
turns  to   its   original   value.   The   rate   of 


regulation  of  the  complement  is  best  seen 
in  Table  V,  where  divided  x-ray  doses 
were  employed. 

Thus  it  will  be  seen  that  it  takes  several 
days  for  the  complement  to  return  to 
its  original  value,  whether  it  has  been 
increased  or  decreased  by  the  .x-ray  treat- 
ment. 

CONCLUSIONS 

1.  The  complement  content  of  the  blood 
of  normal  indi\  iduals  varies  within  very 
narrow  limits  (0.06-0.05). 

2.  A'-ray  treatment  may  cause  an 
increase  or  decrease  of  the  complement. 

3.  These  changes  in  the  complement 
are  not  closely  related  to  the  total  amount 
of  radiation  recei\-ed  by  the  body,  but 
seem  to  depend  upon  the  individual  differ- 
ence of  the  patients  treated. 

4.  The  complement  always  returns 
gradually  to  its  original  value  after  the 
x-ray    treatment    has    been    discontinued. 

5.  A  decrease  of  complement  is  always 
obtained  when  blood  or  serum  is  radiated 
in  vitro.  This  fact  indicates  that  the 
increase  of  complement  observed  after 
the  x-ray  treatment  of  certain  patients 
is  due  to  factors  other  than  the  influence 
of  radiation  on  the  blood  itself. 

6.  A  pronounced  drop  of  complement 
after  x-ray  treatment  seems  to  be  of 
prognostic  value,  since  the  majority  of 
those  patients  who  showed  this  reaction 
had  already  died  when  this  work  was 
completed. 

We  wish  to  thank  Dr.  B.  F.  Schreiner 
for  the  privilege  of  examining  the  charts, 
and  Miss  Cora  Geisler  who  assisted  in 
some  of  the  determinations. 


TUMORS  OF  THE  PITUITARY  GLAND* 


BY    JOSEPH    T.    MCKINNEY,    M.D. 


ROANOKE,  VIRGINIA 


THE  marked  interest  in  tumors  of 
the  pituitary  gland  and  its  secretory 
disturbances  within  the  past  few  years 
has  been  due  not  only  to  the  intensive 
study  of  endocrinology  and  the  internal 
secretions  by  the  medical  profession  as  a 
whole,  but  in  a  larger  measure  to  the 
greater  accuracy  with  which  an  early 
diagnosis  of  hypophysial  lesions  can  be 
made.  Since  the  results  obtained  by 
operative  procedures  for  pituitary  tumors 
have  been  so  encouraging  in  the  early 
cases,  the  operation  is  no  longer  dreaded 
as  formerly,  and  the  risk  is  no  longer  as 
great  on  account  of  the  advance  and  de- 
velopment of  Improved  surgical  technique. 

An  increasing  number  of  these  cases 
is  daily  being  sent  to  the  roentgenologist 
for  study  of  the  appearance  of  the  sella 
turcica  and  skull.  The  roentgenologist,  if 
he  be  in  the  truest  sense  of  the  word  a 
consultant,  daily  reminding  himself  above 
all  else  that  he  is  a  physician  practicing 
roentgenology  rather  than  a  technician, 
should  be  familiar  with  some  of  the  evi- 
dences of  the  symptomatology,  clinical 
history  and  physical  findings  in  disturb- 
ances of  the  pituitary  gland. 

In  arriving  at  an  early  diagnosis  of 
pituitary  tumors,  there  should  be  the 
closest  correlation  of  the  findings  of  the 
ophthalmologist,  neurologist,  surgeon  and 
roentgenologist.  To  wait  until  marked 
optic  atrophy  has  occurred  before  making 
a  diagnosis  leaves  no  hope  of  restoring 
the  patient's  vision;  for  then  an  operation 
will  give  no  relief.  The  importance  of 
making  an  early  diagnosis  cannot  be 
too  strongly  emphasized. 

Most  of  these  patients  begin  to  notice 
failing  vision  and  headaches,  and  It  is  these 
symptoms  that  send  them  to  the  physician. 
The  lowered  visual  acuity  is  not  relieved 
by  glasses.  The  headaches  are  usually 
bitemporal  and  worse  at  night.  All  or 
a  part  of  the  following  symptoms  accom- 
pany the  ocular  changes:  headache, 
accession  of  bodily  weight,  increase  in 
the  size  of  the   hands   and  feet,   spacing 
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of  the  teeth  in  the  mferior  maxilla,  sexual 
impotence,  drowsiness  and  Inability  to 
concentrate  on  mental  work. 

Since  In  many  cases  there  is  an  absence 
of  constitutional  disorders  and  negative 
findings  of  the  central  ner\ous  system, 
the  ocular  changes  and  roentgen-ray 
appearance  of  the  sella  offer  the  best 
means    of    making    an    early    diagnosis. 

The  symptoms  then,  in  pituitary  lesions 
may  be  classified  as  those  due  to:  (i)  Secre- 
tory derangements,  hyper-  or  hypo-pltuita- 
rlsm,  (2)  those  resulting  from  extension  or 
involvement  of  the  surrounding  cerebral 
structures,  (3)  headache  resulting  from 
Intracranial  pressure,  (4)  those  due  to 
Involvement  of  the  optic  chiasma  and 
tract. 

With  the  varying  symptomatology  of 
the  secretory  disturbances  of  the  gland 
we  shall  not  deal.  In  fact  it  is  extremely 
doubtful  if  surgery  should  ever  be  advo- 
cated for  anything  other  than  falling  vision, 
or  relief  of  Intracranial  pressure  with 
accompanying  headaches. 

The  ocular  findings  depend  upon  the 
size  and  position  of  the  tumor;  but  the 
characteristics  most  often  noted  are  low- 
ered visual  acuity,  a  progressive  narrowing 
of  the  visual  field,  showing  either  a  bitem- 
poral or  homonymous  hemianopsia,  with 
at  times  absence  of  light  perception  In 
one  eye  and  temporal  defects  In  the  other 
eye.  Near  vision  as  well  as  distant  vision 
is  usually  affected.  In  all  stages  the  loss 
of  color  perception  is  usually  in  advance 
of  that  for  form  and  the  first  perimetric 
Indication  of  the  process  Is  shown  by  a 
temporal  form  field  and  a  corresponding 
quadrantal  defect  In  the  color  peripheries. 

Benedict  of  the  Mayo  Clinic  reports  a 
peculiar  pallor  of  the  nerve  head  without 
shrinkage,  which  is  seen  so  often  that  it 
is  almost  diagnostic.  This  pallor  is  not 
due  to  atrophy  of  the  optic  nerve,  unless 
the  vision  has  been  entirely  destroyed. 
The  nerve  substance  itself  is  pale,  but  other- 
wise not  noticeably  changed.  This  pallor 
may  appear  in  about  four  months  alter 
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the  onset  of  visual  disturbances.  If  of 
longer  duration  in  showing  up,  there  most 
probably  is  a  slow-growing  tumor.  Early 
optic  atrophy  indicates  rapid  pressure 
changes  and  is  usually  due  to  malignant 
tumors  or  cysts.  Benedict,  in  reviewing 
32  cases,  reports  lowered  visual  acuity  of 
one  or  both  eyes  in  e\'ery  case.  The  onset 
of  visual  disturbances  most  frequently 
is  gradual.  He  mentions  one  case  of  pitui- 
tary tumor  where  visual  disturbance  began 
nineteen  years  before  the  operation,  in 
one  eye,  and  four  years  before,  in  the  other 
eye. 

Clifford  Walker,  in  a  review  of  271 
cases  showing  hypophysial  involvement, 
found  183  showing  tumor  manifestations, 
and  148  field  disturbances.  Of  the  field  dis- 
turbances, 47  cases  showed  bilateral  hemi- 
anopsia, 22  cases  homonymous  hemianop- 
sia, and  the  remainder  were  blind  in  one  eye. 
In  other  words,  the  bitemporal  defects 
occur  only  about  twice  as  often  as  the 
homonymous. 

Valuable  as  the  ophthalmological  exami- 
nation is  in  making  a  diagnosis,  it  is 
also  of  great  aid  in  determining  the  prog- 
ress of  the  lesion,  and  whether  or  not 
optic  atrophy  has  occurred;  for  if  it  has, 
and  is  of  any  length  of  time  in  standing, 
vision  will  not  be  improved  by  operation. 

In  the  roentgen  examination  of  the 
sella,  plates  of  clear  detail  and  definition 
are  essential — lateral  stereoscopic  plates 
of  the  skull  at  a  distance  preferably  of 
36  in.  according  to  Hickey's  experiments, 
making  the  shift  from  above  downward 
toward  the  feet,  rather  than  from  the 
glabella  toward  the  occiput,  and  centering 
over  a  point  obtained  by  drawing  an 
imaginary  line  from  the  glabella  to  the 
external  auditory  meatus.  At  a  point 
i}''i  in.  anterior  to  the  meatus  on  this  line, 
a  perpendicular  line  •*4  in.  high  is  erected, 
and  through  the  point  established  at 
the  end  of  the  perpendicular  the  principal 
ray  is  passed  so  that  it  will  emerge  at 
the  corresponding  point  on  the  opposite 
side.  The  floor  of  the  sella  must  be  sharply 
defined,  and  the  anterior  and  posterior 
clinoid  processes  superimposed  upon  their 
opposites. 

VVhile  changes  in  the  contour  of  the  sella 
commonly  exist   in  pituitary   tumor,   and 


when  found  are  of  great  help  in  making  a 
diagnosis,  it  is  however  well  known  that 
enlargement  of  the  sella  with  e\en  destruc- 
tion of  certain  or  all  of  its  parts  may  result 
from  other  intracranial  disorders,  or  from 
tumors  situated  in  other  portions  of  the 
brain.  Heuer  and  Dandy,  in  a  series  of  100 
cases  of  brain  tumor,  report  that  the 
roentgenograms  of  21  of  these  patients,  none 
of  whom  had  hypophysial  or  super-sella 
tumors,  showed  any  destruction  of  the  sella 
turcica,  or  atrophy  of  its  posterior  clinoid 
processes.  Also  a  pituitary  tumor  of  some 
size  may  be  present,  showing  rather 
characteristic  ocular  phenomena,  without 
changing  the  roentgen  appearance  of  the 
sella. 

The  roentgen  findings,  then,  of  pituitary 
tumors  may  be  divided  into  four  groups: 
( I )  No  enlargement  of  the  sella,  nor  erosion 
of  the  base  or  clinoid  processes,  i.e.,  patients 
without  roentgen  findings,  (2)  enlarge- 
ment of  the  sella  without  erosion  or 
destruction  of  the  sella,  (3)  enlargement 
of  the  sella  with  thinning  of  the  base  and 
floor,  and  erosion  of  the  clinoid  processes, 
(4)  complete  destruction  of  the  sella.  To 
these  might  also  be  added  the  roentgen 
e\  idence  of  changes  in  the  skull,  due  to 
general  increased  intracranial  pressure,  as 
enlargement  of  the  skull,  separation  of  the 
cranial  sutures  and  vascular  changes  in 
the  skull  due  to  tumor. 

Unfortunately,  howe\  er,  the  exceedingly 
wide  variation  in  the  size  and  character  of 
the  sella  noted  in  normal  indn  iduals  who 
show  no  evidence  of  pituitary  disturbances, 
permits  of  no  absolute  definite  rule  as  to 
when  we  are  dealing  with  early  changes  and 
variations  in  the  contour  of  the  sella. 
Since  it  is  so  essential  that  an  early  diag- 
nosis of  pituitary  tumor  be  made,  the 
roentgenologist  must  be  absolutely  familiar 
with  the  wide  variations  met  in  normal 
indi\  iduals.  With  this  knowledge  and  with 
good  technique  he  will  be  able  to  \isualize 
early  changes.  It  is  important  that  he 
should  note  to  what  extent,  if  any,  the 
sphenoidal  sinus  has  been  encroached  upon 
by  a  tumor  of  the  hypophysis. 

The  pituitary  tumors  most  often  found  are 
adenoma,  frequently  with  cystic  de^■eIof>- 
ments.  To  quote  Frazier:  "About  "5  per 
cent  of  pituitary  tumors  are  adenomata. 
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Comparati\ely  few  are  malignant  and 
practically  never  metastasize  to  the  other 
organs.  This  means  that  if  we  can  prevent  a 
recurrence  of  local  or  general  intracranial 
pressure  the  life  of  the  patient  may  be 
prolonged." 

A  review  of  the  a\ailable  literature 
shows  that  about  10  per  cent  of  the 
adenomata  of  the  pituitary  gland  develop 
cysts  which  are  quite  frequently  \'ery  rapid 
in  their  growth.  Mere  evacuation  by 
puncture  gives  only  temporary  benefit, 
and  these  cysts  soon  fill  up  again  unless 
the  operator  removes  a  portion  of  the 
cyst  wall.  This  is  more  easily  accomplished 
by  the  fronto-orbital  route.  The  prognosis 
is  most  grave  in  cases  of  sarcoma,  and 
most  favorable  in  cases  of  cysts.  Walker 
concludes  that  the  cases  showing  homon- 
ymous defects,  when  operated  on,  are  not 
quite  as  successful  as  the  bitemporal 
hemianopsias. 

The  two  methods  of  operation  most 
often  used  are  Cushing's  transphenoidal  or 
submucous  septal  approach,  and  Frazier's 
fronto-orbital  method.  The  mortality  of 
each  method  is  about  the  same.  Frazier 
concludes  that  the  cranial  method  is  safer, 
for  by  not  having  to  depend  upon  artificial 
illumination,  one  can  get  a  better  view  of 
the  tumor  growth.  By  the  endonasal  or 
transphenoidal  route,  meningitis  must 
always  be  reckoned  with,  and  as  a  matter 
of  fact  has  caused  the  majority  of  deaths 
following  the  operation,  due  to  infection 
from  the  sphenoidal  sinus.  Adson  of  the 
Mayo  Clinic  probably  favors  the  intradural 
approach,  after  an  osteoplastic  flap  has 
been  turned  from  the  right  frontoparietal 
region,  the  dura  being  opened  widely  to 
permit  the  exposure  of  the  frontal  lobe.  It 
is  well  to  state  that  it  is  not  possible  to 
determine  accurately  the  extent  of  the 
lesion  before  operation,  either  by  roentgen 
ray  examination,  or  the  ocular  findings. 

Dandy  and  Heuer,  in  a  review  of  a  series 
of  70  cases  of  brain  tumor,  state  that  10 
per  cent  of  these  patients  were  blind  on 
admission.  They  believe  that  surgical 
measures,  as  soon  as  choked  disc  is  diag- 
nosed, should  be  considered,  and  that  by 
operating  at  this  time,  blindness  would, 
to  a  large  extent,  be  pre\ented.  One  of 
the     most     important     features     of      the 


operative  technique  is  the  control  of 
hemorrhage.  The  average  mortality  is 
about  30  per  cent,  though  Gushing  and 
Frazier  report  8  to  10  per  cent  in  their  own 
practice. 

In  a  recent  article,  "The  Effects  of 
Radium  Emanations  Upon  Brain 
Tumors,"  Dr.  Frazier  has  opened  up  a 
most  interesting  field  of  irivestigation. 
Because  brain  tumors  are  often  inaccessible 
and  very  difficult  to  localize,  and  because 
as  a  rule  they  are  slow  in  growing,  Frazier 
began  treating  them  with  radium,  in  1914, 
under  Dr.  Henry  Pancoast's  direction.  He 
quotes  in  his  paper  3  cases  in  particular  in 
which  there  appears  to  be  undoubted  proof 
that  the  growth  of  the  tumors  has  been 
arrested  or  probably  destroyed.  One  of 
these  cases,  that  of  pituitary  struma,  was 
given  .\-ray  and  radium  treatment,  the 
radium  being  directly  embedded  in  the 
pituitary  body  through  the  posterior  nares. 
This  case  had  a  return  of  headache  and 
visual  disturbances  nineteen  months  after 
a  sella  decompression  was  performed. 
But  after  the  patient  had  been  treated  as 
indicated  above,  there  was  a  relief  of  the 
visual  disturbances  and  headaches,  and  a 
re-establishment  of  menstruation. 

Blumberg  has  recently  reported  i  case 
of  hypophyseal  tumor  in  which  disturb- 
ances of  vision  and  beginning  atrophy  of 
the  optic  nerve  were  present  in  one  eye, 
and  the  other  eye  was  totally  blind.  In 
this  case  the  trouble  was  brought  to  a 
permanent  standstill  by  several  series  of 
irradiations  with  mesothorium. 

In  a  short  article  in  the  A.M. A.,  "The 
Normal  Sella,"  Dr.  G.  D.  Enfield  has  well 
brought  to  our  attention  the  wide  vari- 
ations in  the  appearance,  size  and  contour 
of  the  normal  sella,  and  afTirmed  very 
positively  that  no  roentgen-ray  diagnosis  of 
pituitary  tumor  or  disturbance  should  be 
made  unless  there  is  marked  erosion  or 
positive  evidence  of  bony  changes  in 
the  sella. 

The  excellent  work  of  Dandy  and  his 
followers  on  ventriculography,  while  of 
most  practical  value  in  diagnosing  early 
internal  hydrocephalus,  may  also  be  of 
great  aid  in  diagnosing  selected  cases  of 
suspected  tumor  of  the  hypophysis,  or  in 
locating  and  demonstrating  the  presence 
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of  the  tumor  in  other  portions  of  the  brain, 
with  its  consequent  pressure  upon  the 
pituitary   gland   and   adjacent   structures. 

The  recent  work  of  Osborne,  Sutherland, 
and  Scholl,  "Roentgenography  of  Urinary 
Tract  during  Excretion  of  Sodium  lodid," 
while  primarily  intended  for  examination 
of  the  urinary  tract,  offers  a  wide  field  for 
further  investigation  and  possibilities  along 
this  or  similar  Hues  in  the  roentgen-ray 
diagnosis  of  tumors  of  the  pituitary  gland 
with  the  use  of  sodium  iodid  solution,  or 
some  other  vehicle,  which  might  aid  in 
outlining  the  shadow  of  the  tumor  and 
other  brain  structures.  Obviously,  however, 
no  conclusions  as  to  the  practical  value 
of  observations  or  work  along  this  line 
can  be  drawn  at  this  time. 

The  following  recent  case  reports  of 
pituitary  tumors  are  fairly  typical  of  the 
condition: 

Case  I.  Male,  aged  twenty-six. 
Referred  by  Dr.  M.  L.  Faville,  a  nose  and 
throat  specialist,  October  15,  1920.  Past 
history  of  no  special  significance,  other 
than  the  fact  that  the  patient  has  always 
been  a  little  heavy  for  his  size  and  has  had 
scant  beard.  On  September  15,  1920,  he 
began  to  suffer  with  pain  on  the  left  side 
of  the  face.  Two  teeth  were  extracted,  but 
this  did  not  relieve  the  pain,  which  was  dull 
and  continuous,  and  much  worse  at  night. 
About  the  middle  of  October,  he  began  to 
notice  some  blurring  of  the  left  eye,  which 
was  followed  in  a  week  by  a  similar  blurring 
in  the  right  eye.  There  was  a  noticeable 
absence  of  bitemporal  headaches,  no  change 
in  libido  sexualis,  and  no  polyuria. 

Subjective  findings  showed:  (i)  Early 
primary  optic  atrophy,  (2)  bitemporal 
hemiaiiopsia,  (3)  deformity  of  the  sella, 
(4)  patient  slightly  obese. 

Oojective  findings  reported  by  the 
oculist  were:  "  Fundus  O.  D.  disc  of  normal 
size  and  shape.  The  temporal  margin 
particularly  is  very  pale,  but  there  is  a 
corresponding  pallor  of  the  nasal  portion." 
X-ray  examination  on  November  4,  1920, 
showed  marked  e\idences  of  increased 
intracranial  ]3ressurc,  as  shown  by  changes 
in  the  sella  turcica.  The  anterior  clinoid 
processes  were  definitely  destroyed,  the 
floor  of  the  sella  practically  invisible,  there 
being  a  definite  round  shadow  about  the 


size  of  a  walnut  in  the  region  of  the  sella. 
The  sphenoidal  sinus  was  considerably 
decreased  as  a  result  of  encroachment 
by  the  hypophysial  growth.  A  roentgen 
diagnosis  of  pituitary  tumor  was  made,  and 
Dr.  Faville  concurring  in  this  from  his 
ocular  findings,  decided  to  send  this  patient 
to  Dr.  Harvey  Gushing. 

In  his  report  to  Dr.  Faville,  Dr.  Gushing 
stated:  "This  is  an  extraordinary  case 
in  view  of  the  huge  sella  and  the  complete 
abscence  of  symptoms  until  very  recently. 
It   is   quite   possible   that    I    should    have 


I- 11;.  I.  Case  1.  Si  III  ccimplrtcly  destroyed.  Distinct 
large  round  shadow  visible.  Sphenoidal  sinus  en- 
croached upon.  Operative  findings,  hemorrhagic 
cystic  adenoma  of  pituitary. 

surmised  a  big  struma  containing  hemor- 
rhagic cyst.  Undoubtedly  it  was  this 
cyst  formation  from  hemorrhage  which 
led    to    the    recent    onset    of  symptoms." 

On  November  13,  1920,  Dr.  Gushing 
operated,  using  the  transphenoidal  route 
iinding  the  pituitary  body  about  the  size 
of  a  golf  ball,  with  no  bone  whatsoever 
left  in  the  floor  of  the  sella.  An  incision 
made  in  the  midline  of  the  tumor  showed 
soft  yellowish  gland  protruding.  Suddenly 
about  ID  c.c.  of  dark,  blackish  blood 
gushed  out,  e\"idently  a  hemorrhagic  cyst. 

It  is  of  interest  to  note  further  that  eight 
months  after  Dr.  Gushing's  operation,  this 
patient  developed  what  was  thought  to  be 
an  acute  intestinal  obstruction.  He  was 
operated  upon  in  Ashe\  ille,  N.  G.,  and  found 
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to  have  an  acute  pancreatitis.  He  fully 
recovered  from  this  operation  and  at  the 
present  time  (September,  1923)  his  vision 
is  good  and  he  is  attending  to  his  daily 
work.  It  is  an  interesting  speculation 
to  what  extent,  if  any,  the  disturbance  of 
his  pancreas  followed  the  operation  upon 
his  pituitary  gland. 

Case  1 1 .  ]\Iale,  aged  fifty- two.  Referred 
by  Dr.  H.  B.  Stone,  a  nose  and 
throat  specialist.  Gives  history  of  visual 
disturbances  for  the  past  four  years, 
not   relieved    bv   glasses.   Onset   of  visual 


Dr.  Stone  reported  the  following  ocular 
findings:  "Bitemporal  hemianopsia.  Cen- 
tral vision  20/ 30  20/50.  Slight  pallor 
of  both  nerve  heads.  Both  well  outlined. 
No  choking.  Terminal  vessels  tortuous." 

Patient  was  referred  to  Dr.  George 
Heuer  of  Baltimore,  who  operated  early 
in  April,  192 1,  exposing  the  chiasmal  region 
by  an  intracranial  approach.  His  report 
follows:  "We  immediately  exposed  ^a 
\ery  large  hypophysial  cyst  which  had 
extended  upward  and  directly  compressed 
both  the  optic  chiasm  and  the  mesial 
surfaces  of  both  optic  nerves.  We  evac- 
uated the  cyst,  which  contained  a  bloody 
grumous     material    such    as    we    usuallv 


Fig.  2.  Case  II.  Flour  of  sella  extremely  thin.  Dorsum 
sella  destroyed.  Operative  findings,  cystic  adenoma 
of  pituitary. 

symptoms  gradual.  Headaches,  bitemporal 
in  character,  worse  at  night,  though  for 
the  past  several  months  have  been  better. 
Began  putting  on  fat  six  years  ago.  Some 
tingling  in  extremities. 

First  seen  on  August  14,  1920,  at  which 
time  the  sella  was  reported  as  being  very 
deep  and  large,  the  floor  and  the  clinoid 
processes  not  easily  made  out.  From  the 
roentgen  findings,  a  tumor  of  the  hypoph- 
ysis was  suggested  at  this  time. 

The  patient  was  told  to  return  for 
further  examination,  but  did  not  do 
this  until  March,  1921,  at  which  time  the 
dorsum  sella  was  completely  destroyed. 
The  floor  of  the  sella  was  extremely  thin 
and  some  encroachment  on  the  sphenoidal 
sinus  was  noted.  A  roentgen  diagnosis  of 
hypophysial  tumor  was  made. 


Fig.  3.  Case  HI.  Acromegaly.  F\treiutl\  large  sella. 
No  destruction  or  thinning  of  floor.  Large  frontal 
sinus  and  inferior  maxilla. 

find  in  degenerated  adenomata  of  the 
hypophysis.  We  removed  a  large  part  of 
the  cyst  wall.  Since  operation  the  patient  has 
done  well  and  states  that  his  headaches 
have  disappeared  and  his  \ision  is 
improved." 

Case  HI.  Male,  aged  thirt>-six.  Illus- 
trates the  typical  roentgen  picture  found 
in  the  secretory  disturbances  of  the  sella 
in  the  acromegaly  type.  Extremely 
large  deep  sella,  with  no  destruction  or 
thinning  of  the  floor.  Large  frontal  sinus, 
and     large     protruding     inferior     maxilla. 
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I.MPORTANCEOFTHE  ROENTGEN  EXAMINATION  INTHE 

DETERMINATION  OF  THE  PROPER  METHOD  OF 

TREATMENT  OF  PULMONARY  ABSCESS* 


BY  W.  H.  STEWART,  M.D. 


NEW   YORK    CITY 


THE  author  \entures  to  state  that  the     evidence  of  the  process  and  are  in  danger 
clearest   and   best   method   of  ascer-     of  a  "flare  up." 


taining  the  size  and  location  as  well  as  the 
extent  of  involvement  of  the  lung  in  all 
cases  of  puhnonary  abscess,  is  by  the  roent- 
gen examination.  One  can,  from  these  find- 
ings, combined  with  the  bronchoscopic  and 
clinical  investigations,  determine  the  proper 
theraputic  course  to  pursue. 

The  three  recognized  methods  of  treat- 
ment of  abscess  of  the  lung,  whether  single 
or  multiple,  are: 

1.  Expectant 

2.  Bronchoscopic 

3.  Surgical 

While  there  is  no  question  that  a  certain 
percentage  of  cases  of  pulmonary  abscess 
recover  spontaneously,  the  author  is  firmly 
convinced  that  one  should  not  wait  for 
the  possibility  of  such  an  event. 

Bronchoscopic  treatment  should  be  com- 
menced just  as  soon  as  the  lesion  is 
discovered.  The  establishment  of  free 
drainage  is  an  immediate  indication,  even 
though  the  patient  have  acute  general 
manifestations;  in  many  acute  cases  the 
simple  procedure  of  clearing  out  the  bronchi 
by  suction  and  the  opening  up  of  the 
swollen  and  edematous  branch  bronchus 
leading  to  the  abscess  is  sufficient  to  start 
resolution.  More  difficult  cases  require 
injection  of  solution  of  silver  salts  such  as 


Except  in  cases  where  hemorrhage  is  a 
complication — when  instrumentation  is 
contraindicated — pulmonary  suppurations 
consisting  of  small  or  medium-sized 
abscesses  located  in  the  lower  portion  of 
the  upper  lobe  or  in  the  middle  or  lower 
lobes,  with  a  moderate  amount  of  infiltra- 
tion surrounding  the  cavitation,  seem  to 
respond  best  to  bronchoscopic  treatment. 
The  percentage  of  success  in  this  method 
is  largely  controlled  by  the  skill  of  the 
operator;  some  men  are  able  to  drain  an 
abscess  even  when  it  is  located  well  up  in 
the  apex. 

Multiple  lung  abscesses  or  bronchiec- 
tatic  cavities  do  not  respond  well  to 
bronchoscopic  treatment,  and  cases  of  pul- 
monary abscess  complicated  by  a  general 
or  a  sacculated  empyema  are  entirely  out 
of  the  field  of  the  bronchoscopist. 

Surgical  attention  is  indicated  in  most 
cases  of  lung  abscess  in  which  there  is  a 
large  amount  of  induration  with  a  small 
amount  of  softening,  especially  if  the  lesion 
be  located  in  the  upper  lobes. 

Very  often  in  cases  of  sacculated 
empyema  secondary  to  a  pulmonary  abscess 
— and  most  of  them  are  secondary — the 
visceral  pleura  has  been  partially  or 
totally    destroyed;    this    means    that    the 


which   can   be   relieved   only   by   surgical 
measures.    Chronic    pulmonary    abscesses 
pyogenic 


with     well-formed 


colline  or  silver  nitrate.  Should  the  process  case  is  "one  of  pleuropulmonary  abscess 
be  resistant  to  the  ordinary  bronchoscopic 
methods,  direct  injections  into  the  abscess 
of  subcarbonate  of  bismuth  held  in  sus- 
pension in  sterile  sweet  oil  can  be  resorted 
to. 

It  is  important  to  check  up  the  bron- 
choscopic evidence  of  improvement  or 
otherwise  by  frequent  roentgenographic 
examinations.  No  case  of  lung  abscess  is 
considered  entirely  cured  until  every  roent- 
genographic sign  of  the  lesion  has  dis- 
appeared. I  ha\e  frequently  observed  that 
many  patients,  although  symptom-free 
and   gaining   in   weight,   still  show 
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membranes 
and  rigid  walls  also  require  surgical 
attention. 

In  border-line  cases  the  question  of  when 
bronchoscopic  treatment  ends  and  when 
surgery  begins  is  a  debatable  one.  As  a 
rule,  surgery  should  be  resorted  to  if  the 
lesion  shows  no  improvement  while  under 
the  care  of  the  bronchoscopist  for  a  period 
of  six  months.  One  case  in  my  series 
recei\ed  bronchoscopic  treatment  weekly 
for   almost    a    year,    with    final    recovery. 

Jan. 
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A  Relatively  Large  Foreign  Body  in  the  Orbit 


It  is  not  within  the  scope  of  this  paper  to 
deal  with  the  different  surgical  require- 
ments. It  is  necessary,  however,  for  the 
roentgenologist  to  give  the  surgeon  all  the 
knowledge  possible  as  to  the  exact  location 
ot  the  abscess  or  abscesses  of  the  lung. 
Localizations  b}-  means  of  the  .x-ray,  in 
positions  other  than  the  one  in  which  the 
patient  is  to  be  placed  on  the  operating 
table  are  not  altogether  satisfactory. 

Regardless  of  the  position  in  which  the 
patient  is  placed,  the  localization  must  be 
made  during  a  certain  recorded  phase  of 
respiration,  as  the  excursion  of  a  pul- 
monary lesion  with  the  lung  during  respira- 
tion is  considerable.  One  must  also  be 
sure  that  the  central  ray  is  directiv  in  the 


center  of  the  shadow  of  the  abscess,  other- 
wise the  localization  may  be  deceiving. 
In  addition,  the  relation  between  the 
abscess  and  certain  easily  recognized  bony 
landmarks  must  be  correctly  stated.  Skin 
marks  are  unsatisfactory,  as  the  surgical 
skin  flaps  in  thoracic  work  are  considerable 
and  the  markings  are  either  out  of  sight 
or  not  in  correct  position  at  the  time  they 
are  needed. 

The  ideal  method  of  localizing  a  lung 
abscess  is  by  fluoroscopy  in  two  planes 
made  directly  on  the  operating  table,  as 
ad\ocated  by  Dr.  Willis  F.  Manges  of 
Philadelphia,  who  employs  this  technique 
especially  in  the  localization  of  foreign 
bodies  in  the  esophagus  and  bronchi. 


A  RELATIVELY  LARGE  FOREIGN  BODY  IN   THE  ORBIT 


BY    PERCY    BROWN,    M.D. 

PITTSBURGH,     PENNSYLVANIA 


THE  writer  is  indebted  to  Dr.   H.   H.      of  the   glass   through   the   skin   and   sub- 
Ainsworth    of    Madison,    Wisconsin,     cutaneous  tissue  just  above  and  external 
for  the  opportunity  of  reporting  the  follow- 
ing intcrestino;  case: 


/■ 


Fig. 


A     female    child,    aged    two,    at    play,  to  the  outer  canthus  of  the  right  eye.  A 

stumbled     over     a     door-threshold    while  punctured  wound  of  moderate  severity  was 

holding  a   piece  of  broken   glass.   Losing  produced,  at  the  orifice  of  which  no  evi- 

her  balance,  she  fell,  driving  a  sharp  corner  dence  of  retained   foreign   bodv  was  pre- 
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sented;  neither,  on  account  of  the  unknown 
conformation  of  the  large  fragment  held 
by  the  child,  could  it  be  determined  with 
exactitude  as  to  whether  or  not  a  smaller 
fragment  had  been  broken  off.  The  case 
was  treated  expectantly  for  three  weeks, 
and  at  the  end  of  that  time  was  referred  to 
Doctor  Ainsworth,  as  the  local  symptoms 
had  become  augmented  by  septic  infection. 

Doctor  Ainsworth  referred  the  child 
for  examination  to  the  Section  on  Roent- 
genology of  the  Jackson  Clinic.  The  eye 
in  question  presented  in  moderate  degree 
the  local  manifestations  of  infection,  with 
much  hemorrhagic  injection  and  lachrymal 
hyperactivity.  Photophobia  was  much  less 
marked. 

After  some  difficulty,  the  roentgeno- 
graphic  results  as  shown  in  Figures  i  and 
2  were  obtained.  Stereoscopy  seemed  to  be 
quite  out  of  the  question  on  account  of 
the  tender  age  of  the  child.  The  position 
of  the  fragment  was  judged  to  be  in  large 
measure  beneath  the  roof  of  the  orbit  but 
above  the  globe,  and  so  it  proved  at 
operation,  with  the  added  disclosure  that 


there  were  two  fragments,  one  larger  by 
far  than  the  other,  as  illustrated  in  Figure 
3.  This  illustration  also  shows  the  dimen- 
sions of  the  combined  fragments,  believed 
to  be  extraordinary  in  that  no  intimation 
of   these    dimensions    could    be    obtained 
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Fig.  3. 

from  the  appearance  of  the  wound  at 
the  time  of  injury.  Moreo\er,  this  complete 
disappearance  occurred  with  no  injury 
to  the  delicate  neighboring  structures, 
save  for  a  very  slight  wounding  of  the 
superior  rectus  and  superior  oblique 
muscles.  The  patient  has  made  an  uninter- 
rupted  recovery  with  no  functional  loss. 


FIBRINOUS  BRONCHITIS* 

BY    F.    HASH    RODENBAUGH,    M.D. 

SAN    FRANCISCO,    CALIFORNIA 


THE  rarity  of  this  lesion,  considering  the 
large  number  of  chest  examinations 
and  pulmonary  infections,  and  the  paucity 
of  literature  containing  roentgen  findings 
constitute  the  basis  for  the  report  of  this 
rather  interesting  case. 

The  diagnosis  of  fibrinous  bronchitis  is 
made  from  finding  long  branching  bron- 
chial casts  in  sputum  of  cases  that  do  not 
have  tuberculosis,  diphtheria,  pneumonui 
or  some  other  primary  bronchial  disease. 

In  the  literature  there  are  less  than  100 
cases  reported,  and  in  but  few  of  these  cases 
are  roentgen  findings  given.  Two  typical 
roentgenograms  are  those  of  cases  de- 
scribed by  Walker. 

Casc  I.  Roentgen  Findings.  Diffuse 
peribronchial  thickening  throughout  both 
lungs.  Right  apex  showed  slight  mottling 
and  left  hilus  slightly  increased  in 
density. 

•  Paper  submitted  leading  to  membership  in 


Case  II.  Roentgen  Findings.  Entire 
right  chest  less  radiant  than  left,  with 
difluse  peribronchial  thickening  which  is 
more  marked  on  right  side.  Dense  glands 
at  hilus. 

CLINICAL   HISTORY 

A  brief  history  of  the  present  case  is  quite 
typical  with  the  majority  of  case  reports: 

Case  III.  Female,  aged  forty-five 
years.  Occupation,  secretary. 

Past  History.  Unimportant;  no  previous 
pulmonary,  thyroid  orcardiacdisturbances. 

Present  Illness.  Onset  acute  with  slight 
rise  in  temperature  (i02°F.),  severe  pul- 
monary disturbance,  moderate  leucocy- 
tosis  with  expectoration  of  bronchial  casts. 

Convalescence.  Uneventful.  Four 

months  after  onset  of  illness,  patient 
is  clinically  well;  an  occasional  small 
fibrin  plug  is  expectorated. 

The  American  Roentgen  Ray  Society,  igjJ. 
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Roentgen    findings    during    illness    and  increase  in  broncliial  tree  markings  extend- 

following  convalescence  from   present  at-  ing  to  lung  periphery  in  left  upper  lobe, 

tack.   I.  At  onset:  Marked  increased  den-  3.   Eight  weeks:  Left  hilus  shadow  in- 

sity  about  hilus.  Increase  in  bronchial  tree  creased  in  density,  less  marked  than  at  last 


Fig.     I.    At    onset,    Dec.    14,     1921. 


Fig.  2.  Six  weeks,  Jan.  27,  1922. 


Fig.   3.   Eight  weeks,  Jan.    14,    1922. 


Fig.  4.   Four  months,   Mar.  27,    1922. 


markings  in  both  lung  fields.  Diminished  examination.  Lung  fields  clearer,  but  bron- 
aeration  over  right  lung  held.  chial  tree  markings  in  both  upper    lobes 
2.  Six  weeks:  Marked  increased  density  still  more  marked  than  normal  and  extend- 
in  left  hilus  over  last  examination.  Diffuse  ing  to  periphery. 
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4.  Four  months:  Left  hilus  still  showed 
increased  density.  Bronchial  tree  markings 
still  present,  particularly  o\er  left  upper 
lobe,  markedly  decreased  since  last 
examination. 

Differential  Diagnosis  from  Roentgen 
Findings.  The  roentgen  findings  in  this 
case  are  of  considerable  interest,  as  the 
pathology  so  closely  resembles,  in  the 
distribution  and  character  of  the  lung  and 


hilus  densities,  certain  types  of  pulmonary 
neoplasms. 

An  extensive  review  of  the  literature  is 
given  by  Walker  in  The  American  Journal 
of  the  Medical  Sciences  for  June,  1920, 
reviewing  all  cases  in  the  literature  to 
date.  A  few  additional  cases  have  been 
reported  since;  however,  no  additional  in- 
formation as  to  etiology  or  pathology  has 
been  siven. 


BOOK  REVIEWS 


Digestive  Disturbaxces  in  Infants  and 
Children.  By  Charles  Gilmore  Kerley, 
M.D.,    and    Leon     Theodore    LeWald, 
M.D.    Contains   84   pages  and  49  text 
illustrations  in  addition  to  54  full-page 
plates;      includes      a      note      on      The 
Surgerv    of    Infants,     by    William     A. 
Downes,    M.D.      Price    $12.     Paul    B. 
Hoeber,  Inc.,  New  York,  1923. 
The    combined  experience  of  a  pathol- 
ogist, a  roentgenologist  and  a  pediatrician 
has  produced  a  volume  of  unique  ^"alue  for 
the  increase  of  the  understanding  of  diges- 
tive disturbances  in  children,  and  conse- 
quently for  the  recognition  of  the  demand 
for    surgical   procedures   necessary   before 
the    small    patients    have    lost    so    much 
ground  that  they  become  bad  risks.     The 
special     technique     of     examining    these 
patients  is  described,  while  the  interpreta- 
tion of  the  findings  is  facilitated   by  the 
generous   use   of  illustrations   made    from 
roentgenograms    from    the    authors'    own 
service.     The     illustrations     are     clearly 
labeled,  and  it  is  of  special  interest  that 
"the  diagnosis  has  been  verified  in  nearly 
every     instance     by     prolonged     clinical 
observation  or  operation." 

The  differentiation  between  pylorospasm 
and  congenital  hypertrophic  pyloric 
stenosis  is  a  matter  of  profound  impor- 
tance. As  for  the  choice  of  treatment  of  the 
former  condition,  "attention  is  called  to 
the  fact  that  roentgen  examination  demon- 
strates that  the  Fredet-Rammstedt 
operation  is  more  desirable  from  a  physio- 


logical standpoint,  inasmuch  as  the 
stomach  empties  at  about  a  normal  rate 
after  the  operation;  while  after  a  gastro- 
enterostomy it  usually  empties  at  a  much 
too  rapid  rate." 

Roentgen  examination  has  also  revealed 
that  the  frequently  se\ere  manifestations 
of  syphilis  in  the  child  are  often  reflected  in 
lesions  of  the  gastrointestinal  tract.  A 
recognition  of  ptosis  and  of  redundant 
sigmoid  in  the  child  puts  the  physician  in  a 
position  to  save  trouble  for  the  patient  in 
later  life.  The  influence  of  posture  on  diges- 
tion is  demonstrated.  Among  other  subjects 
of  interest  are  hernia  of  the  diaphragm, 
voKuIus,  abdominal  tumors,  tuberculous 
peritonitis  and  foreign  bodies  in  the 
alimentary  tract,  in  regard  to  which 
last-named  subject  the  authors  have 
drawn  upon  Chevalier  Jackson's  cele- 
brated work. 

The  book  is  one  which  will  inevitably 
appeal  to  the  roentgenologist,  upon  whom 
will  fall  more  and  more  of  this  sort  of  work, 
as  its  possibilities  become  better  appre- 
ciated by  the  general  practitioner  and  the 
pediatrist.  Uniform  with  the  other  volumes 
in  the  series  of  "Annals  of  Roentgenology," 
the  descriptive  text  with  the  illustrations 
appears  in  English,  French  and  Spanish. 
The  dedication  is  a  graceful  recognition  of 
the  work  of  Dr.  Eugene  W.  Caldwell, 
"who  sacrificed  his  life  in  the  advancement 
of  the  science  of  Roentgenology."  The 
presswork  is  in  keeping  with  Mr.  Hoeber's 
high  standard. 
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ANNOUNCEMENT   OF    PLANS    FOR 
THE  FUTURE  OF  THE  JOURNAL 

In  accordance  with  a  decision  reached  at 
the  Twenty-fourth  Annual  Meeting  of 
The  American  Roentgen  Ray  Society  held 
in  Chicago,  September  18-21,  1923,  The 
American  Journal  of  Roentgenology  and 
Radium  Therapy,  with  the  beginning  of 
the  eleventh  volume,  January,  1924,  enters 
upon  a  new  era  in  its  de\elopment.  The 
expansion  of  the  field  of  roentgenology 
and  radium  therapy  calls  for  a  larger 
journal,  and  beginning  with  January, 
1924,  there  will  be  two  volumes  annually 
instead  of  one,  and  the  journal  will  contain 
nearly  double  the  amount  of  material  it 
has  had  in  the  past. 

The  editorship  will  be  in  the  hands  of 
Dr.  Arthur  C.  Christie,  of  Washington, 
D.  C,  whose  object  it  will  be  to  maintain 
the  high  standard  of  the  Journal  as  in  the 
past,  and  to  enlarge  and  impro\e  it  as 
much  as  possible.  Particular  attention  will 
be  given  to  the  abstract  department  with  a 
view  to  publishing  abstracts  of  everything 
worth  while  in  the  field  of  roentgenology 
and  radium  therapy.  It  is  hoped,  also, 
that  the  editorial  department  will  be 
able  to  keep  the  readers  of  the  Journal 
abreast  of  the  progress  in  our  specialty  by 
reflecting  every  advance  in  its  development. 

Original  articles  will  be  published  as 
promptly  as  possible  after  their  receipt. 
In  choosing  articles  for  publication  the 
needs  of  the  specialist  in  roentgenology 
and  radium  therapy  will  be  considered 
first,  but  due  to  the  fact  that  roentgenology 
is  rapidl>'  taking  its  place  in  the  daily  work 
of    the    physician,    surgeon    and    dentist, 


articles  01  general  interest  will  also  be 
included. 

The  Journal  is  to  reflect  at  all  times  the 
present  status  of  radiology  in  e^■ery  phase, 
and  whenever  possible,  to  point  the  way  for 
advance.  It  will  be  the  effort  of  the  new 
editor  to  maintain  the  traditions  of  the 
able  editors  of  the  past  and  to  retain 
for  the  Journal  the  high  position  it  has 
held. 

The  cooperation  of  our  readers  and  of 
all  who  are  interested  in  the  advancement 
of  medical  science  is  earnestly  solicited. 
Contributions,  suggestions  and  criticisms 
will  be  welcomed  h\  the  editor. 


SOUTHERN   MEDICAL   MEETING 

The  Radiological  Section  of  the  Southern 
Medical  Association  will  meet  in  \\'ash- 
ington,  D.  C.  on  Tuesday  and  W  ednesday 
afternoons,  Nov.  13  and  14,  1923. 

On  Wednesday  evening  a  joint  meeting 
of  the  Radiological  Section  and  the  Surgi- 
cal Section  of  the  Southern  Medical 
Association  is  to  be  held,  at  which  time 
there  will  be  a  banquet  followed  by  papers 
on  carcinoma  of  the  breast.  The  presenta- 
tion for  the  Radiological  Section  will  be 
by  Dr.  George  E.  Pfahler  of  Philadelphia. 
The  presentation  for  the  Surgical  Section 
will  be  by  Dr.  W.  E.  Sistrunk  of  the 
Mayo  Clinic. 

AH  members  of  The  American  Roentgen 
Ray  Society  and  readers  of  the  Journal 
are  invited.  We  expect  to  have  a  well 
attended    and    \ery    profitable    meeting. 

D.  )'.  Keith,  Lduisville,  Ky.,  Cbaivjjian 

W  .  R.  Belbea,  Memphis,  Tenn.,  See'y. 
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Taussig,    L.    R.     The   radium   treatment   of 

carcinoma    of   the    mouth.    Med.    Clin.    N. 

Am.,  1922,  vi,  383. 

A  large  percentage  of  the  cases  referred  for 
radium  treatment  at  the  present  time  are  the 
hopeless  ones  which  have  been  treated  unsuc- 
cessfully by  surgery  or  in  which  the  seeking  of 
expert  advice  has  been  deferred  until  the 
possibility  of  cure  has  passed.  In  spite  of  this, 
the  number  of  satisfactory  results  has  been 
encouraging,  and  soon  it  will  be  possible  to 
recognize  the  class  of  cases  for  radiotherapy 
given  alone  or  in  combination  with  surgery. 

The  author  reports  three  cases  to  illustrate 
the  types  of  mouth  malignancy  suitable  for 
radium  treatment. 

One  case  was  that  of  a  man  forty  years  of 
age  who  first  noticed  an  ulcer  on  the  right  side 
of  his  tongue  about  four  months  prior  to  the 
initial  examination.  The  lesion  was  a  fissure- 
like ulceration  in  a  hard,  nodular  mass  extend- 
ing from  just  in  front  of  the  anterior  pillar  to 
within  about  4  cm.  of  the  tip  of  the  tongue. 
The  palpable  induration  projected  well  over 
the  midline.  Lues  was  ruled  out  by  the  Wasser- 
mann  test.  The  lesion  was  too  extensive  for 
surgery  or  the  actual  cautery.  The  treatment 
of  choice  in  this  case  was  unscreened  tubes  of 
radium  emanation. 

The  tubes  were  inserted  in  the  malignant 
tissue  rather  than  in  the  normal  tissue  sur- 
rounding the  malignant  area.  The  true  reaction, 
which  consists  of  a  burning  pain  in  the  tongue 
and  swelling,  usually  begins  about  one  week 
later.  The  period  and  intensity  of  the  reaction 
is  variable.  If  metastatic  glands  develop  it  is 
advisable  to  remove  them  surgically  if  possible. 
If  the  condition  is  not  operable,  bare  tubes  of 
emanation  should  be  inserted. 

In  the  second  case  the  author  found  a  tumor 
on  the  inner  surface  of  the  left  cheek  of  an 
upholstery  worker  about  one  year  ago.  The 
lesion  was  nodular,  hard,  about  6  cm.  in 
diameter,  and  about  i^o  cm.  high.  The  glands 
were  'not  palpable.  Five  bare  tubes,  totaling 
9.5  mc,  were  inserted  into  the  mass.  On 
account  of  the  suspicious  appearance  of  the 
tongue,  mixed  treatment  was  given  for  a  time 
under  the  impression  that  the  carcinoma  might 
have  developed  on  a  luetic  base.  Within  a 
month  the  reaction  subsided  and  the  mass  had 
entirely  receded.  Two  montlis  after  treatment 
a  hemorrhage  occurred.  Five  months  later  an 
area  of  increasing  thickening  was  noticed. 
Additional  treatment  of  four  bare  tubes  was 
then  given.  Five  months  ago  a  hard  nodule 
developed  at  the  tip  of  the  tongue.  Two  bare 
tubes  totaling   i    mc.   were  inserted   into  the 


mass.  The  tongue  is  still  tender  but  there  is  no 
evidence  of  recurrence  at  the  present  time. 
The  author  feels  that  this  case  has  responded 
well  to  radiotherapy. 

The  last  case  was  a  nodular,  ulcerative,  hard 
lesion  of  the  posterior  edge  of  the  soft  palate, 
involving  the  left  side  of  the  uvula.  A  course 
of  antiluetic  therapy  given  in  spite  of  a  negative 
blood  Wassermann  had  no  effect  upon  the 
growth.  Four  bare  tubes  were  then  inserted 
into  the  tumor.  One  month  later  one  bare  tube 
was  inserted  in  a  suspicious  area  on  the  left 
side  of  the  uvula.  Only  one  week  has  elapsed 
since  the  last  treatment,  but  the  entire  area 
feels  soft.  The  cervical  region  was  given  a 
course  of  .v-ray  treatment  soon  after  the  first 
bare-tube  treatment. 

Andresen,  Albert  F.  R.  Linitis  plastica. 
Am.  J.  M.  Sc,  June,  1923,  clx\-,  799. 

The  author  briefly  summarizes  the  literature 
of  the  disease,  referring  especially  to  the 
exhaustive  study  made  by  H.  M.  Lyle  in  1911, 
when  he  described  131  cases  gathered  from 
the  literature  and  added  i  case  of  his  own. 
Since  that  time  not  more  than  a  dozen  cases 
have  been  reported.  [Undoubtedly  many 
cases  are  now  being  seen  without  being 
reported.] — Ed. 

A  summary  of  etiological  symptoms  and 
diagnosis  is  included,  including  barium  meal 
findings,  which  are  referred  to  as  including  the 
small-sized  stomach  with  marked  hyper- 
motility,  the  barium  mixture  passing  rapidly 
through  the  upper  abdomen  and  filling  the 
intestinal  coils.  The  stomach  is  tube-like,  its 
walls  rigid,  and  there  is  no  evidence  of  peristaltic 
waves. 

Two  cases  are  reported  in  full,  including  one 
with  an  hourglass  constriction  occurring  in 
the  course  of  linitis  plastica. 

Roentgenograms,  photographs  and  micro- 
scopic sections  are  appended,  together  with  a 
brief  bibliography. 

Barclay,  A.  E.  The  organization  and  equip- 
ment of  an  .v-ray  department.  J.  Riintg.  Soc, 
April,  1923,  xix,  55. 

This  is  a  very  valuable  detailed  statement 
of  the  organization  and  equipment  of  a  new 
v-ray  department  for  a  seven  to  eight  hundred 
bed  general  hospital  with  an  extensi\e  out- 
patient practice.  The  author,  however,  has 
added  a  description  of  equipment  for  smaller 
hospitals,  one  of  thirty  and  one  of  sixty  to 
eighty  beds.  He  emphasizes  three  very  im- 
portant points,  namely: 

I.  That    no   elaboration   of  equipment   can 
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make  up  for  the  absence  of  the  first  essential — 
a  competent  radiologist. 

2.  Without  the  provision  of  adequate  facili- 
ties the  medical  officer  cannot  serve  his  purpose. 

3.  That  every  department  must  be  laid  out 
and  equipped  with  an  eye  to  the  work  it  will 
be  called  upon  to  deal  with. 

The  housing,  the  requirements,  the  equip- 
ment and  the  staffing  of  the  department  are 
all  discussed  in  detail,  and  anyone  in  need  of 
just  the  help  this  article  can  give  will  be  well 
repaid  by  a  study  of  this  well-illustrated 
dissertation. 
Halstead,    a.     E.,     and    Christopher,     F. 

Calcification  and  ossification  of  the  meninges. 

Arch.  Surg.,  May,  1923,  vi,  No.  3,  p.  847. 

The  authors  give  an  elaborate  review  of 
calcification  and  ossification  of  the  meninges, 
beginning  with  the  first  reported  instance  in 
man  by  Antonius  Cattus  in  1 557.  The  literature 
is  brought  down  to  date.  The  authors  mention 
that  there  has  been  to  date  no  roentgeno- 
graphic  study  of  calcifications  of  the  meninges. 
By  means  of  stereoscopic  roentgenograms  of 
the  skull  it  is  possible  to  demonstrate  calcified 
plaques  in  the  falx  and  perhaps  even  in  the 
parietal  dura.  A  roentgenogram  of  the  head  of 
the  cat  reveals  very  plainly  diffuse  calcifica- 
tion of  the  falx  with  the  sharp  curving  inferior 
border.  In  the  case  reported  herewith,  in 
which  operation  was  performed  by  Halstead 
for  tumor  of  the  brain,  the  roentgen  ray 
revealed  shadows  which  doubtless  were  due 
to  calcification  in  the  falx. 

The  authors  deduce  that  ossification  and 
calcification  of  the  meninges  are  not  rare. 
Areas  of  ossification  may  arise  from:  (a) 
retention  of  the  osteogenetic  function  by 
islands  of  dura;  (6)  an  inflammatory  process. 
Areas  of  calcification  may  arise  as:  (a)  the 
result  of  a  not  far  distant  absorption  of  calcium 
of  the  skull  and  its  subsequent  deposition  in  the 
meninges;  (6)  the  result  of  an  inflammatory 
process.  In  cases  of  suspected  brain  tumor,  the 
demonstration  by  means  of  the  roentgenogram 
of  calcification  of  the  meninges  is  an  additional 
evidence  of  the  existence  of  a  brain  tumor 
exerting  a  circumscribed  pressure  on  the  skull. 
The  chance  finding  of  ossification  or  calcifica- 
tion in  roentgenograms  of  the  head  affords 
the  occasion  for  an  intensive  neurologic  study 
of  the  case  in  question. 
Tarnauceanu.     Eprcuvc  de  Goetsch  et  radio- 

therapic  dans  Ics  affections  du  corps  thyroide. 

(Goetsch's  test  and  radiotherapy  in  diseases 

of  the  thyroid).   J.   dc  radial,  et  d'eleclroL, 

1922,  vi.  501. 

The  author  recognizes  tiie  importance  ol 
some    test    other    than    the    Hii|)r(>\cnient    ol 


symptoms  m  guiding  the  radiologist  in  the 
treatment  of  exophthalmic  goiter,  especially 
with  reference  to  the  time  at  which  each  treat- 
ment should  be  suspended.  As  such  a  guide 
the  author  employed  the  Goetsch  test,  which 
consists  of  the  subcutaneous  injection  of  0.5  c.c. 
of  adrenalin  solution.  Tarnauceanu  employed 
I  c.c.  instead  of  the  0.5  c.c.  originally  recom- 
mended by  Goetsch. 

In  concluding  his  article  the  author  states 
that  in  the  objective  and  functional  disturb- 
ances which  it  provokes  the  Goetsch  test  gives 
information  regarding  hyperfunction  or  dys- 
function of  the  thyroid  gland.  It  allows  the 
radiologist  to  make  a  selection  of  patients 
with  diseases  of  the  thyroid  and  to  separate 
those  amenable  to  radiotherapy  from  those 
who  should  be  treated  by  other  methods. 
The  Goetsch  test  is  a  rational  biological  test 
which  indicates  to  the  radiologist  when  the 
treatment  should  be  stopped.  After  the  comple- 
tion of  radiotherapy  the  test  makes  it  possible 
to  keep  the  patient  under  observation  as  it 
must  be  periodically  repeated.  It  will  reveal 
even  the  slightest  tendency  to  relapse  so  that 
treatment  may  be  renewed  before  the 
symptoms  become  fully  apparent. 

Ch.arrier,  a.,  and  Riou.  Malignant  Fibro- 
chondroma  of  the  Stomach.  Bull,  et  mem. 
Soc.  de  chir.  de  Par.,  Mar.  27,  1923,  xlix,  488. 

The  authors  report  such  a  case  in  a  male 
sixty-three  years  of  age.  There  was  complete 
transformation  of  the  fundus  of  the  stomach 
into  an  irregular  canal  with  considerable 
infiltration  of  the  gastric  walls  which  had  lost 
their  elasticity  and  their  mobility,  all  ol  which 
findings  were  based  upon  the  barium  meal. 
At  operation  a  fibrochondroma  of  the  fundus 
was  found. 

Complete  histological  data  are  given  in  the 
article. 

Wesson,  M.  B.  Pyelography:  Common 
diagnostic  errors.  CaliJ.  State  J.  A/.,  May, 
1923,  xxi,  193. 

For  years  it  has  been  taught  that  the  most 
dangerous  person  in  medicine  is  the  "man 
with  a  curette,"  but  he  is  harmless  compared 
to  the  "amateur  with  a  cystoscope."  Pyelog- 
raphy is  ordinarily  a  simple  maneuver.  The 
untoward  results  are  due  to  a  variety  of  causes, 
chief  of  which  are:  (i)  passage  oi  a  cystoscope 
in  a  very  old  debilitated  patient,  (2)  ureteral 
spasms  and  complete  suppression  of  urine  due 
to  the  trauma  of  passing  the  catheters,  (3) 
use  of  toxic  shadowgraph  fluids,  and  (4) 
overinioction. 

The  illustrations  show  well  the  futility  of 
atteni]3ting  to  make  a  diagnosis  by  a  pyelogram 
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alone;  a  careful  histor}'  and  a  systematic  uro- 
logical  examination  practically  always  result 
in  an  accurate  diagnosis. 

The  article  is  illustrated  by  some  47  roent- 
genograms and  photographs  of  very  great 
practical  value. 

Fisher,  E.  B.  Experiments  on  the  bacteri- 
cidal action  of  the  violet  ray.  CaliJ.  State 
J.  A/.,  May,  1923,  xxi,  218. 
These  experiments  seem  to  indicate  that  the 
benefit  derived  from  the  violet  ray  is  not  from 
its  ability  to  destroy  bacteria  but  rather  its 
power  to  increase  the  number  of  leucocytes. 
Faber.  Gastroptosis  and  the  shape  of  the 
thorax.  Ugesk.  J.  Laeger,  May  11,  1922. 
Faber  finds  that  the  frequency  of  gastropto- 
sis increases  considerably  with  the  degree  of 
deformity  and  narrowing  of  the  chest.  The 
position  of  the  stomach,  as  shown  by  the 
x-rays  after  a  "contrast"  meal,  and  when  the 
patient  stands  up,  may  be  such  that  (i)  it  is 
entirely  above  the  umbilicus;  (2)  the  lesser 
curvature  is  above,  the  greater  below  the 
umbilicus;  (3)  the  lesser  curvature  is  2  cm.  or 
less  below  the  umbilicus;  or  (4)  it  is  at  least  2 
cm.  below  the  umbilicus.  The  author  has 
devised  what  he  calls  the  "epigastric  index." 
A  line  is  drawn  from  the  umbilicus  to  the  lower 
end  of  the  sternum.  At  the  middle  point  on 
this  line  a  horizontal  line  is  drawn  from  one 
costal  arch  to  the  other.  The  epigastric  index 
is  obtained  by  multiplying  the  length  of  this 
horizontal  line  by  100  and  dividing  by  the 
length  of  the  vertical  line.  The  author  finds 
that  the  average  epigastric  index  is  59.3  for 
men  and  45.4  for  nulliparous  women.  A  high 
index  was  usually  associated  with  a  high 
position  of  the  stomach  among  men  and 
nulliparous  women.  But  in  parous  women 
there  was  little  relation  between  the  epigastric 
index  and  the  degree  of  gastroptosis,  which 
was  evidently  determined  chiefly  by  child- 
bearing.  One  of  the  author's  patients  was  a  tall, 
thin  woman  with  an  epigastric  index  of  30 
and  the  lesser  curvature  of  the  stomach  several 
centimeters  below  the  umbilicus.  After  six 
years,  during  which  her  weight  rose  from  46 
to  80  kg.,  the  lesser  curvature  was  8  cm.  and 
the  greater  curvature  3  cm.  above  the 
umbilicus. 

Crowe,   S.   J.,    and   Baylor,   J.   W.     Benign 
and  malignant  growths  of  the  nasopharynx 
and    their    treatment   with    radium.    Arch. 
Surg.,  Mar.,   1923,  vi,  429. 
The   principal    object   of  the   article   is   to 
report  the  authors'  experiences  with  the  use 
of  radium   as   a   therapeutic   agent   in   naso- 
pharyngeal  growths;    but   also   to   emphasize 
the  fact  that  the  growth  must  be  recognized 


early  in  its  development  in  order  to  impro\e 
our  present  therapeutic  results. 

Results  with  the  radium  treatment  of 
lymphosarcoma  of  the  nasopharynx  are  not 
good,  although  this  variety  of  sarcoma  disap- 
pears locally  after  irradiation  more  rapidly 
than  does  any  other  type  of  tumor  with  which 
we  are  familiar.  One  possible  explanation  for 
this  unsatisfactory  clinical  result  is  that  the 
earliest  symptoms  of  lymphosarcoma  in  the 
nasopharynx  are  difficulty  in  breathing  through 
the  nose  and  Eustacliian  tube  obstruction,  and 
that  these  symptoms  are  usually  treated 
without  recognition  of  the  underlying  cause 
until  the  growth  has  become  diflused  through- 
out the  body.  The  authors  believe  that  it 
would  be  a  wise  precaution  to  treat  with 
radium  every  adult  patient  that  has  a  localized 
hypertrophy  of  the  lymphoid  tissue  limited 
to  the  nasopharynx,  rather  than  to  remove 
this  hypertropliied  tissue  with  a  curette. 

In  this  paper  little  is  said  about  the  detailed 
technique  of  irradiation.  Radium  as  a  thera- 
peutic agent  is  more  dangerou s  tha n  the  roentgen 
rays,  and  should  be  employed  only  by  those 
who,  in  addition  to  their  medical  education, 
are  thoroughly  familiar  with  physics  and 
higher  mathematics.  A  large  clinical  experience 
and  a  careful  correlation  of  dosage,  method 
of  application  and  result,  in  the  various  types 
of  new  growths,  are  essential  for  the  training  of 
a  radiologist.  For  example,  it  is  conceivable 
that  a  physician  or  surgeon,  untrained  in 
biophysics,  might  advise  a  patient  with  a 
localized  lymphosarcoma  in  the  throat  to  have 
prophylactic  irradiation  of  the  mediastinum, 
abdomen  and  the  glands  in  the  axilla  and 
groin,  but  a  physicist  would  recognize  im- 
mediately that  such  a  plan  of  treatment 
would  result  in  profound  changes  in  the  blood 
and  probably  hasten  the  death  of  the  patient. 

The  authors  discuss  polypi,  nasopharyngeal 
fibroma,  angiosarcoma  (lymphosarcoma,  an- 
giosarcoma, myxosarcoma)  and  cancer. 

None  of  the  various  types  of  polypoid 
growths  that  occur  in  the  nose  or  nasopharynx 
has  a  rich  blood  supply,  and  excessive  bleeding 
following  the  removal  of  a  polyp  always 
suggests  that  the  primary  cause  may  be  a 
malignant  growth  instead  of  an  infection. 

Irradiation  has  but  little  influence  on  the  size 
or  growth  of  polypoid  or  myxomatous  tissue. 
The  authors  have  never  implanted  either 
radium  or  its  emanations  into  a  nasal  polyp: 
but  they  have  repeatedly  irradiated  heavily 
both  intra  nasally  and  externally  without 
curing  the  polypoid  condition. 

In  nasopharyngeal  fibroma,  although  the 
authors'  experience  has  been  limited  to  4  cases, 
2  of  these  are  well  and  the  other  2  are  improving. 
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The  treatment  consisted  of  a  combination 
of  implantation  of  emanations,  intranasal 
and  external  irradiation,  and  partial  removal 
by  operative  methods. 

For  angiomas  it  is  probably  deleterious  to 
the  best  interests  of  the  patient  to  remove  a 
piece  of  the  growth  for  microscopic  examina- 
tion, and  it  is  certainly  not  ad\'isable  to 
attempt  the  removal  of  the  large  nasal  growths 
of  this  type  through  the  nose.  The  fact  that  a 
piece  of  the  growth  had  been  removed  was 
undoubtedly  responsible  for  the  frequent  and 
severe  hemorrhages  in  4  of  the  authors'  5 
cases  that  presented  this  symptom. 

With  reference  to  sarcomas,  the  authors 
emphasize  that  every  growth  removed  from 
the  nose  and  throat  should  be  investigated, 
grossly  and  microscopically;  but,  on  the  other 
hand,  the  diagnosis  of  such  growths  should  not 
be  based  on  the  microscopic  appearance  of  a 
small  fragment,  without  taking  into  considera- 
tion all  of  the  clinical  and  laboratory  data  that 
are  available.  It  is  doubtful,  indeed,  whether 
the  removal  of  a  piece  of  a  tumor  for  diagnosis 
is  ever  a  iustifiable  procedure.  It  is  possible, 
however,  that  incomplete  operative  removal 
or  even  the  removal  of  a  small  fragment,  either 
before  or  during  the  irradiation,  is  responsible 
for  the  reappearance  of  the  growth  in  some 
distant  part  of  the  body.  If  the  growth  is  a 
very  vascular  sarcoma  or  a  true  angioma,  the 
deleterious  effect  of  a  partial  removal  is 
apparent  in  the  increased  frequency  and 
severity  of  the  hemorrhages.  In  the  majority 
of  the  authors'  cases  of  sarcoma,  angioma  and 
fibroma  bleeding  was  not  a  prominent  symptom 
until  a  portion  of  the  growth  had  been  removed. 
Alter  the  nasal  operation,  however,  the  growth 
becomes  infected,  and  hemorrhages  are  severe 
and  frequent. 

Phemister,  D.  B.  The  nature  of  cranial 
hyperostosis  o\crlying  endothelioma  of  the 
meninges.  Arch.  Surg.,  Mar.,   1923,  vi,   554. 

This  is  an  extremely  interesting  study  of  the 
local  changes  in  the  skull  overlying  meningeal 
endothelioma.  After  a  historical  summary  the 
author  reports  2  cases  with  photographs, 
roentgenograms  and   microscopic   sections. 

The  hyperostosis  which  develops  over  a 
considerable  proportion  of  meningeal  endothe- 
liomas results  from  penetration  of  the  dura  and 
direct  invasion  of  the  skull  by  the  tumor.  The 
tumor  permeates  the  skull,  rarefies  slightly  the 
inner  and  outer  tables  and  stimulates  new  bone 
formation,  usually  from  both  the  internal  and 
external  surfaces.  Tumor  cells  are  lound  in 
varying  numbers  throughout  the  cancellous 
spaces  of  the  hyperostosis.  The  new  bone  is 
not  tumorous  in  nature,  and  is  merely  ossified 


stroma  of  the  invading  endothelioma.  Its 
spongy  or  radiating  arrangement  is  similar 
to  that  which  is  seen  in  the  ossification  occur- 
ring in  other  types  of  tumor,  whether  primary 
or  secondary  in  bone  and  whether  the  new 
bone  itself  is  of  tumorous  or  nontumorous 
nature. 

Vinson,   Porter  P.     Cardiospasm  associated 

with    esophageal    diverticula.    N.    York   M. 

J.,  May  2,  1923,  p.  541. 

Diverticula  of  the  middle  portion  of  the 
esophagus  have  been  observed  rather  often 
at  post-mortem,  but  rarely  have  been  demon- 
strated during  life.  They  occur  usually  in  the 
region  of  the  left  bronchus,  and  are  due  to 
healing  processes  following  inflammatory 
lesions  in  the  periesophageal  glands.  However, 
Le  Count  and  Brosch  have  reported  small 
diverticula  of  the  thoracic  esophagus  appar- 
ently not  caused  by  inflammatory  reactions, 
but  by  lack  of  support  of  the  esophageal  wall. 
The  contraction  of  fibrous  tissue  pulls  a  small 
portion  of  the  esophageal  wall  outward  and 
upward,  and  produces  the  so-called  traction 
diverticula.  The  apices  of  such  diverticula 
point  upward,  so  that  there  is  no  tendency  for 
ingested  food  and  fluid  to  accumulate  in  them 
and  increase  their  size,  as  is  the  case  in  pulsion 
diverticula. 

The  author  reports  2  cases  seen  in  the  Mayo 
Clinic,  in  which  a  pouching  of  the  left  side 
of  the  middle  of  the  esophagus  was  found  in 
addition  to  obstruction  at  the  cardia  with  tlie 
findings  typical  of  cardiospasm. 

The  mechanism  of  the  formation  of  these 
diverticula  is,  of  course,  purely  speculative. 
They  may  have  resulted  from  congenital 
weakness  of  the  esophageal  wall,  or  they  may 
have  had  their  origin  in  tiny  traction  divertic- 
ula. In  either  case  they  could  not  have 
attained  considerable  size  without  the  spasm 
at  the  cardia  causing  retention  in  the 
esophagus,  and  adding  the  pulsion  force 
necessary  to  increase  the  size  of  the  pouch. 
It  is  interesting  that  neither  of  the  patients 
had  symptoms  suggesting  that  the  diverticulum 
was  a  factor  in  the  production  of  the  dysphagia. 
It  is  possible  that  the  second  patient  will  have 
food  obstruction  from  the  diverticulunt  at 
some  future  time,  but  if  this  occurs,  food  can 
be  given  through  a  stomach-tube  which  has 
been  guided  beyond  the  sacculation  on  a 
previously  swallowed  silk  thread. 

SiMONETTi.     Contribution    to    the    study    of 

gastric  stinnilation  by  .v-rays.  Gaz.  (/.  05;)., 

Jan.  14,  1923,  xliv.  No.  4. 

The  roentgen  ray  employed  in  weak  doses 

does  not  produce  a  destructive  effect  such  as  is 

c(immonl\    employed   in   therapeutics,   but,  on 
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the  contrary,  exercises  a  stimulating  eflect 
upon  cellular  activity.  Under  the  action  of 
.v-rays  the  total  acidity  of  the  gastric  juice  is 
constantly  increased  after  ten  or  twelve  such 
applications.  This  hyperacidity  seems  to  con- 
sist of  an  increase  in  the  free  hydrochloric 
acid.  The  pepsin  measured  in  12  patients  after 
the  ingestion  of  a  definite  quantity  of  albumins 
was  found  increased  in  8  cases,  diminished  in 
3  and  unchanged  in  i.  Clinically  this  increase 
of  the  diflerent  components  of  the  gastric 
juice  should  be  manifested  by  a  return  of 
appetite  and  more  satisfactory  digestion  of 
the  food.  The  improvement  may  come  on 
immediately  or  some  days  after  the  last 
application. 

Rand,     Carl    W.     Osteoma     of    the    skull. 

Arch.  Surg.,  Mar.,  1923,  vi,  573. 

The  author  reports  2  cases  of  osteoma  of  the 
skull,  one  being  associated  with  a  large  intra- 
cranial endothelioma.  Numerous  roentgeno- 
grams and  photographs  of  microscopic  sections 
illustrate  this  paper. 

Reverchon  et  Worms.  Valeur  semeiologique 
de  la  radiographic  dans  I'etude  de  la  poly- 
sinusite  grippale.  Presse  med.,  May  12,  1923, 
p.  440. 

The  authors  were  able  during  the  last  winter 
to  study  roentgenographically  12  cases  of 
polysinusitis  following  grippe,  both  in  the  acute 
period  and  after  cure.  The  series  of  plates 
made  permitted  the  authors  to  follow  the 
ebb  and  flow  of  the  inflammation  which 
showed  a  tendency  to  spontaneous  cure  as 
long  as  drainage  was  maintained.  At  the 
beginning  there  was  a  definite  shadow,  especial- 
ly in  the  region  of  the  ethmoid  which  masked 
without  changing  the  anatomical  outlines. 
This  shadow  rapidly  extended  to  the  maxillary 
sinus,  then  to  the  frontal  sinus  and  often 
involved  the  sphenoid.  The  sinuses  became 
clear  in  the  inverse  order  from  that  in  which 
they  became  obscured.  Transparence  re- 
appeared first  at  the  level  of  the  maxillary  and 
frontal  sinuses  and  then  in  the  ethmoidal 
region,  which  proved  to  be  the  last  to  return 
to  the  normal  state. 

The  information  given  by  roentgenography 
as  to  the  evolution  of  a  post-influenzal  poly- 
sinusitis permits  a  better  comprehension  of 
the  reasons  for  temporizing  treatment. 

De  Jong,  S.  I.,  and  Aubourg.  A  case  of 
perisigmoiditis  verified  by  roentgen  ray 
study.  Bull,  et  Mem.  Soc.  Med.  d.  hop.  de 
Par.  Mar.  22,  1923,  No.  10,  p.  423. 

The  authors  report  in  detail,  including 
roentgenograms,  the  complete  story  of  a  case 
of  a  plastic  sigmoiditis.    In  this  instance  the 


plastic     exudate    finally     was     spontaneously 
re-absorbed  without  any  treatment  whatever. 

AsHHURTs,  A.  P.  C,  Bromer,  S.  R.,  and  White, 
C.  Y.  Cystic  disease  of  the  bones.  Arch. 
Surg.,  May,  1923,  Vol.  vi,  661. 

This  is  a  surgical,  roentgenological  and 
pathological  consideration  of  cystic  disease 
of  the  bones  based  on  a  study  of  15  cases. 
These  cases  are  carefully  narrated,  but  the 
article  hardly  lends  itself  to  abstract. 

Maximow,  a.  a.  Changes  produced  by 
roentgen  rays  in  inflamed  connective  tissue. 
J.  Exper.  M.  xxxvii,  319. 
Maximow  studied  the  reaction  of  inflamed 
tissue,  the  result  of  a  foreign  body,  to  the 
roentgen  rays.  He  noted  that  irradiation 
produced  a  considerable  depression  of  the 
usual  reaction  on  the  part  of  the  fibroblasts. 
They  remain  idle,  do  not  multiply  at  all,  or 
start  very  late  and  often  the  division  is  ab- 
normal. Simultaneously  w'ith  these  changes  of 
the  fibroblasts,  an  intensive  edema  of  the 
connective  tissue  surrounding  the  foreign 
body  is  to  be  noted  and  in  the  immediate 
neighborhood  of  the  latter  a  thick  layer  of 
net-like  clotted  fibrinous  exudate  is  formed. 
No  distinctive  qualitative  changes  could  be 
found  in  the  leukocytes  and  polyblasts.  The 
rate  and  the  duration  of  the  emigration  of  all 
the  cells  coming  from  the  blood  were  increased, 
and  there  was  always  a  distinct  delay  in  the 
process  of  the  common  transformations  usually 
undergone  by  the  polyblasts  on  the  field  of 
inflammation.  The  transformation  of  the 
polyblasts  into  fixed  resting  forms  seems, 
above  all,  to  be  delayed.  In  the  blood-vessels 
swelling  of  the  endothelial  cells,  with  frag- 
mentation of  the  nuclei,  and,  in  the  striated 
muscles,  degeneration  of  the  fibers  can  be 
detected.  In  the  latter  there  occur  partly 
typical  coagulation  necrosis,  partly  atrophy, 
accompanied  by  loss  of  striation,  separation 
of  fibrillae  from  one  another,  relative  increase 
of  sarcoplasm,  and  amitotic  division  of  nuclei. 
These  results  seem  not  to  agree  with  the 
predominating  views  on  the  action  of  roentgen 
rays  on  cells. 

SvMONDS,  C.  Gonorrheal  stricture  of  the 
rectum.  Proc.  Roy.  Soc.  Med.,  1923,  xvi,  13. 
Sect.  Surg. 

This  type  of  stricture  involves  the  lower  8 
or  10  cm.  of  the  rectum,  including  the  anal  mar- 
gin and  the  entire  circumference  of  the  bowel. 
The  bowel  shows  bands  and  bridles  of  indurated 
muscle  separated  by  pockets,  from  the  bottom 
of  which  fistulous  tracts  lead  into  the  vagina 
or  to  the  surface  around  the  anus.  In  advanced 
cases    it    is    not    possible    to    make    a    digital 
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examination  because  of  the  extreme  narrowing 
which  occurs. 

All  7  of  the  cases  reported  by  the  author 
occurred  in  women.  In  searching  the  museums 
he  was  able  to  find  38  other  specimens,  many 
of  these  being  labeled  "syphihtic  in  origin." 
It  is  entirely  probable  that  many  cases  of 
syphihs  of  the  rectum  are  in  reality  gonorrheal 
in  origin. 

Colostomy  is  the  principal  indication  with 
cecostomy  or  appendicostomy  as  a  substitute 
in  certain  cases.  It  is  dangerous  to  attempt 
dilatation  because  the  use  of  bougies  or 
division  of  the  stricture  is  likely  to  produce  a 
perforation.  Excision  can  seldom  be  performed 
except  when  the  disease  is  very  early. 

Rhormlev,     R.    K.     a    case    of    congenital 

osteosclerosis.   Johns   Hopkins   Hosp.   Bull., 

1922,  xxxiii,  444. 

The  author  first  carefully  reviews  the 
literature,  noting  that  the  condition  described 
had  not  been  reported  as  diagnosed  during 
life  in  any  case.  Several  cases  w^ere  diagnosed 
at  autopsy. 

In  the  author's  case  the  diagnosis  was  first 
considered  as  a  beginning  epiphyseal  separa- 
tion of  the  head  of  the  left  femur.  Roentgeno- 
graphic  study  of  the  pelvis  showed  a  peculiar 
density  of  the  bones,  and  a  later  study  of  all 
the  bones  revealed  practically  the  same 
condition  throughout  the  entire  skeleton;  the 
vertebral  bodies  even  showed  marked  density 
at  both  poles;  the  ribs  showed  thickening  of 
the  cortex  of  the  bones,  especially  in  the  distal 
portion  of  the  long  bones;  the  skull  was 
thickened.  In  the  neck  of  the  femur  on  both 
sides,  especially  in  the  left  side,  there  seemed 
to  be  a  destruction  of  the  bone  just  below  the 
peiphysis.  The  condition  was  proved  to  be 
congenital  by  a  study  of  the  father's  bones, 
which  were  exactly  like  those  of  the  child. 
The  mother's  bones  were  shown  to  be 
roentgenologically  normal. 

Baldwin,  W.  M.  A  study  of  the  combined 
action  of  x-rays  and  of  vital  stains  upon 
paramaceia.  Biol.  Bull.,  1920,  T.  xxxix.  59. 
The  author  has  made  use  of  a  certain  number 
of  vital  colors,  Nile  blue,  alizarin  blue,  trypan 
blue,  isamin  blue,  dahlia  and  other  colors. 
The  author  also  employed  the  .v-rays  and  has 
observed  the  successive  action  of  the  colors 
and  of  the  x-rays.  While  the  quantity  of 
energy  necessary  to  inhibit  the  activity  of  the 
non-colored  paramecia  varied  from  60  to 
80  ma.  minutes  under  the  conditions  of  the 
experiment,  on  the  other  hand,  with  the 
colored  infusoria,  for  example,  those  colored 
with  trypan  blue,  the  same  result  was  attained 
in  5  to  10  ma.  minutes.  Tiiere  are,  iK'Ncrtiiclcss, 


considerable  variations  within  certain  limits 
in  the  sensibility  of  the  various  cultures  to  the 
energy  of  the  x-rays  and  also  in  the  rapidity 
with  which  they  absorb  the  colors.  The  direct 
application  of  .\'-rays  upon  the  colors  themselves 
did  not  seem  to  modify  their  action  upon  the 
infusoria. 

ScHiNZ,  H.  R.  Human  castration  by  the 
x-ray  (Ein  Beitrag  zur  Roentgen-Kastration 
beim  Mann).  Schu-eiz.  med.  \]'cbnschr.,  1922, 
lii,  866. 

After  reciting  a  case  in  which  castration  was 
performed  in  a  man  by  means  of  the  x-ray, 
the  author  describes  the  physiological  effects 
of  the  dose  given  and  makes  the  following 
suggestions  regarding  the  determination  of 
the  dose  and  the  clinical  signs  upon  which  the 
size  of  the  dose  should  be  based : 

1.  Temporary  sterilization  with  clinical 
oligonecrospermia.  Necessary  dose,  at  least 
34  per  cent  of  the  skin  unit  dose  in  the  male; 
30  per  cent  in  the  female. 

2.  Total  permanent  aspermatogenesis.  Dos- 
age, about  60  per  cent  of  skin  unit  dose  in  the 
male;  in  the  female  with  W'intz  exovulation, 
32  per  cent. 

3.  Total  castration  with  destruction  of  all 
the  constituent  elements  of  the  testicle.  Dose 
for  male  not  yet  determined;  for  the  female,  34 
per  cent  of  the  skin  unit  dose. 

BiERMAN,  M.  I.  and  Jones,  W.  M.     A  Third 

Omentum.    Surg.,    Gynec.    C"    Obst.,    May, 

1923,  XXX vi,  641. 

The  authors  have  chanced  upon  2  cases,  in 
each  of  which  there  was  an  additional  omentum 
much  like  the  greater  omentum;  but  instead 
of  being  dependent  from  the  transverse 
colon  it  was  dependent  from  the  lesser  curva- 
ture of  the  stomach.  At  operaton  no  pathologi- 
cal conditions  of  any  kind  were  found  in  the 
upper  half  of  the  abdomen.  The  additional 
loop  of  omentum,  therefore,  was  not  the 
result  of  an  inflammatory  condition  in  which 
there  had  been  a  separation  of  omentum  in  an 
attempt  to  localize  an  inflammatory  process, 
but  appeared  to  be  a  distinct  developmental 
variation. 

A  semi-diagrammatic  sketch  is  appended  of 
one  of  the  case  reports  where  this  third  omen- 
tum extended  from  pylorus  to  cardia,  being 
triangular  in  shape,  and  its  length  almost  half 
that  of  the  circumference  of  the  stomach.  The 
omentum  was  curled  up  during  the  roentgen 
examination  and  produced  a  constant  defect 
on  the  lesser  curvature.  When  found,  it  was 
still  partly  l\)ldcd  up  but  was  straightened 
(lut  without  any  difliculty.  Such  a  possibility 
should  lie  borne  in  mind  by  every  roentgen 
diagnostician. 


THEAMERICAN  JOURNAL 
OF   ROENTGENOLOGY 

AND  RADIUM  THERAPY 


VOL.  X 


NOVEMBER,  1923 


No.  II 


THE  USE  OF  RADIUM  IN  THE  TREATMENT  OF  THE 
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WHEN  we  begin  the  consideration  of 
the  leucemias  we  enter  the  realm 
of  empiricism.  We  have  excellent  clinical 
evidence  of  the  beneficial  influence  of 
radium  in  these  conditions,  but  our  research 
work  has,  so  far,  offered  us  no  good  reason 
for  it.  Levin  has  shown  that  in  a  frog 
the  lymphocytes  are  the  first  to  show  the 
effects  of  radium  and  .r-rays.  This  seems 
to  be  true  also  in  man.  Other  types  of 
leucocytes,  as  well  as  the  erythrocytes, 
exhibit  a  greater  resistance,  but  the 
pathological  cells,  such  as  the  myelocytes, 
seem  to  be  easily  destroyed  and  thus  are 
similar  to  the  cells  found  in  neoplasms. 
This  is  another  argument  for  the  theory 
that  leucemias  are  really  neoplasms  of 
the  blood.  It  is  worthy  of  note  that  the 
lymphocytes  in  lymphatic  leucemia  are 
destroyed  "a  great  deal  more  rapidly 
than  the  identical  morphological  lympho- 
cytes in  conditions  of  inflammatory  leuco- 
cytosis"  (Levin')- 

Splenic  Leucemia.  In  no  other  fatal 
disease  can  we  do  so  much  with  radium 
as  in  the  treatment  of  splenic  leucemia. 
One  can  promise  almost  with  certainty 
that  a  remission  will  follow  the  first  applica- 
tion. Sometimes  within  twenty-four  hours 
the  general  condition  of  the  patient 
improves;  for  example,  he  regains  his 
appetite  and  his  sleep.  The  blood  picture 
is  changed  for  the  better  in  a  few  days, 
the  white  count  dropping  so  quickly  on  a 


few  occasions,  that  the  application  of  the 
radium  had  to  be  stopped.  Last  of  all 
the  spleen  recedes,  generally  to  the 
rib  margin,  seldom  farther.  This  can  best 
be  illustrated  by  the  following  histories: 

Case  3201.  Male,  forty-nine  years  of 
age,  a  car  inspector.  Had  been  in  failing 
health  for  a  year  or  more.  He  was  a  stout, 
red-faced  man,  weighing  190,  but  reported 
to  his  physician  because  he  tired  before 
the  end  of  the  day.  The  enlarged  spleen, 
almost  in  the  pelvis,  and  the  white  blood 
count  of  416,000  myeloc^-tes,  67  per  cent, 
made  the  diagnosis.  Radium  in  flat  appli- 
cators was  given,  sy^jo  mgm.  hours  in  all. 
In  twenty-four  hours  the  abdominal  dis- 
tress which  had  been  present  for  some 
months  was  markedly  less,  his  appetite 
returned,  and  he  was  able  to  sleep.  In 
two  days  his  white  count  dropped  to 
256,000,  and  in  four  days  his  spleen 
was  2  in.  smaller.  A  week  later  he  returned 
to  work  and  has  been  in  good  health  for 
four  months. 

Case  1106.  Female,  aged  thirty-one. 
Had  been  losing  weight  for  about  a  year. 
In  March,  19 17,  was  noticed  enlargement 
of  the  spleen  and  the  blood  count  showed 
leucemia.  In  July,  1917,  she  received 
radium  treatment  and  improved  to  such 
an  extent  that  she  was  able  to  resume 
ordinary  duties.  In  December  she  experi- 
enced loss  of  strength,  and  was  given 
further    treatment    in     February,     1918. 
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This  was  repeated  in  August  and  Novem- 
ber, each  treatment  restoring  a  certain 
amount  of  her  former  strength.  In  March 
of  the  following  year,  also,  she  received 
radiation,  but  after  this  treatment  she 
did  not  rally.  She  gradually  sank,  and  died 
in  July,  19 19,  two  years  after  treatment 
with  radium  had  been  begun. 

Case  2020.  Male.  Came  to  us  in 
June,  1920.  He  had  experienced  weakness 
since  the  previous  December,  and  enlarge- 
ment of  the  spleen  was  first  noticed  in 
May,  1920.  When  seen  in  June  the  spleen 
extended  2  in.  beyond  the  umbilicus, 
there  was  slight  epistaxis,  and  the  patient 
was  thinner  than  normal;  the  red  blood 
count  was  3,904,000  and  the  white  count 
333,500.  At  the  end  of  the  first  radiation, 
five  days  later,  the  reds  had  increased  to 
4,128,000  and  the  whites  were  down  to 
236,000.  Radiations  were  given  at  varying 
intervals  until  February  of  this  year. 
After  each  radiation  the  white  count  was 
markedly  reduced.  When  last  seen  the 
count  was  down  to  62,000.  The  disease  is 
still  being  most  satisfactorily  held  in  check. 

These  cases  illustrate  the  extraordinarily 
rapid  and  powerful  efl"ect  of  radium  in 
leucemia.  Unfortunately  the  improvement 
is  not  permanent,  and  within  a  few  months 
there  is  a  relapse,  which,  however,  yields 
again  to  radiation.  In  order  to  hold  the 
patient  at  the  maximum  of  improvement, 
the  spleen  has,  in  certain  cases,  been 
excised  after  treatment  with  radium.  But 
the  relapse  comes  as  certainly,  in  spite  of 
the  operation,  so  that  this  surgical  measure 
is  not  to  be  recommended. 

Our  experience  with  leucemia  has  been 
that  of  several  others.  Gulland  of  Edin- 
burgh- finds  that  radium  is  not  suited  to 
the  treatment  of  lymphatic  leucemia, 
but  that  the  most  favorable  form  for  this 
treatment  is  chronic  splenic  leucemia. 
He  had  been  treating  the  latter  condition 
with  x-rays,  but,  as  he  was  not  getting 
satisfactory  results,  he  tried  the  effect  of 
radium.  The  results  were  not  more  perma- 
nent, but  were  more  certain  and  rapid,  and 
he  considers  that  patients  improve  more  in 
general  condition  and  in  recovering  from 
their  anemia.  Bonta'  reports  the  results 
of  radiation  in  the  chronic  types  of  leucemia 
in  which  he  obtains  marked  improvement 


in  the  general  condition  and  rapid  reduc- 
tion of  the  spleen  or  enlarged  lymph-nodes. 
These  results  also  are  corroborated  by  Stern,* 
who  states  that  of  the  leucemic  diseases  the 
most  satisfactory  response  to  radium  is 
found  in  chronic  myelogenous  leucemia. 

The  method  of  application  in  this  condi- 
tion is  of  the  utmost  importance.  It  has 
been  shown  experimentally  that  the  larger 
the  square  surface  of  the  entry  of  radium 
or  x-rays  into  the  organism,  the  more 
severe  is  the  general  effect  upon  the  blood. 
In  the  leucemias  we  desire  this  destructive 
action,  so  we  use  large,  flat  applicators  in 
preference  to  tubes.  These  are  backed  by 
metal  so  that  the  total  amount  of  rays 
entering  the  body  is  much  more  than  would 
be  charted  in  milligram  hours.  Each  of 
these  plaques  is  well  screened  and  applied 
over  the  spleen  long  enough  in  each 
position  to  produce  an  erythema.  By  mark- 
ing off  the  spleen  area  into  squares  of  the 
size  of  the  applicator,  we  are  able  to  give 
from  2,500  to  4,000  mgm.  hours  at  each 
seance.  The  intervals  of  treatment  will 
depend  upon  the  condition  of  the  patient. 

In  a  few  cases  the  constitutional  symp- 
toms, such  as  nausea,  vomiting  and 
diarrhea,  were  pronounced  after  these  large 
doses,  but  they  passed  off  in  a  few  days. 
The  urgency  of  treatment  is  uppermost 
and  these  minor  details  may  be  disregarded. 

Since  we  have  adopted  this  method  of 
treatment  we  have  had  the  satisfaction  of 
giving  all  of  these  doomed  patients  some 
respite  from  their  worst  symptoms.  The 
"life-history"  of  the  disease  is  so  variable 
that  it  is  mere  conjecture  to  say  that  their 
days  have  been  prolonged.  Some  of  these 
patients  have  a  chronic  form  of  the 
malady,  and  have  lived  five  years  or  more 
without  any  treatment.  But  one  cannot 
resist  the  impression  that  life  was  made 
comfortable  and  was  probably  prolonged 
by  radium  treatment. 

Lymphatic  Leucemia.  When  we  come 
to  consider  lymphatic  leucemia  and  those 
conditions  which  seem  to  be  a  mixture  of 
the  two  leucemias  we  are  not  able  to  hold 
out  the  same  piospects.  It  is  true  that 
many  cases  of  Ivmphatic  leucemia  are 
improved  by  radium,  but  the  enlarged 
glands  are  usuallv  so  scattered  over  the 
body  that  it  is  difficult  to  apply  a  suffi- 
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cient  dose  of  the  gamma  rays,  and  so 
we  cannot  promise  the  same  remission  as 
in  splenic  leucemia.  But  the  white  count 
will  be  markedly  reduced,  and  sometimes 
the  lymphatic  glands  return  to  normal 
size.  As  in  splenic  leucemia  the  general 
condition  is  improved  for  a  time,  and  one 
feels  that  it  has  been  worth  while. 

Gulland^  reports  satisfactory  results 
in  the  radium  treatment  of  Banti's  disease. 
The  spleen  became  smaller,  and  the 
patients  improved  so  much  that  splenec- 
tomy was  not  required. 

Hodgkin's  Disease.  This  may  be  suc- 
cessfully treated  with  radium.  There  are  no 
characteristic  changes  in  the  blood  picture, 
the  only  guides  to  improvement  being  the 
size  of  the  enlarged  glands  and  the  general 
condition  of  the  patient. 

According  to  Ewing^  the  initial  symptom 
in  Hodgkin's  disease  is  an  enlargement  of 
a  chain  of  lymph-nodes,  cervical  (50  per 
cent),  axillary,  or  inguinal,  and  the  con- 
tinuous or  irregular  extension  to  other 
chains.  He  states  that  a  splenic  tumor 
develops  in  60  to  70  per  cent  of  the  cases, 
and  that  there  is  frequently  enlargement 
of  the  liver.  With  such  generalization  of  the 
disease,  fever,  night  sweats,  anemia,  and 
cachexia  appear. 

The  diagnosis  of  Hodgkin's  disease  is, 
however,  difficult.  It  is  no  easy  matter  to 
distinguish  between  sarcoma  and  Hodgkin's 
disease.  The  interrelation  between  the  two 
has  been  discussed  by  a  number  of  writers. 
Mueller"  reports  2  very  interesting  cases, 
one  of  which  was  ascertained  by  biopsy  to 
be  Hodgkin's  disease,  but  on  autopsy 
was  found  microscopically  to  have  been 
changed  into  round-cell  sarcoma.  The 
second  case  was  one  which  presented,  clini- 
cally, symptoms  of  a  mediastinal  tumor 
of  moderate  size  without  the  usual  multiple 
enlargement  of  the  lymph-nodes  of  the 
neck,  axillae  and  groins,  except  for  a  single 
moderately  swollen  node  in  the  left  side 
of  the  neck.  Radiation  had  no  effect  on  the 
tumors,  and  biopsy  left  the  diagnosis 
between  round-cell  sarcoma  and  lympho- 
granuloma, autopsy  confirming  the  latter 
diagnosis.  From  these  two  cases  Mueller 
concluded  that  lymphogranuloma  (Hodg- 
kin's disease)  and  round-cell  sarcoma  of 
the    lymph-nodes    are   only   different   ex- 


pressions of  the  same  process.  This  view 
is  supported  by  similar  reports  from 
Yarnasaki,  Karsner  and  Welch. 

Burnam^  points  out  the  close  resem- 
blance between  lymphosarcoma  and  Hodg- 
kin's disease.  Of  cases  which  were  definitely 
lymphosarcoma,  2  had  remained  well 
with  no  recurrence  for  more  than  five  years, 
and  4  had  not  recurred  after  three  years; 
of  cases  which  were  definitely  Hodgkin's 
disease,  i  had  been  well  for  four  years, 
and  2  had  shown  no  recurrence  after  three 
years.  In  concluding  his  paper  he  states 
that,  while  there  is  no  objection  to 
complete  surgical  removal  of  a  localized 
group  of  glands  in  these  diseases,  if  such 
procedure  is  followed  by  radiation,  his 
results  lead  him  to  believe  that  surgery  is 
quite  unnecessary. 

The  following  histories  of  cases  of 
Hodgkin's  disease  which  I  have  treated 
give  ample  evidence  of  the  value  of 
radium  in  this  condition: 

Case  2453.  Male,  aged  thirty-three. 
First  noticed  enlargement  under  the  left 
jaw  in  19 1 7.  The  mass  had  not  increased 
much  in  size  in  May,  192 1.  At  that  time 
there  was  a  glandular  development  about 
the  size  of  a  small  hen's  egg  below  the  left 
maxilla,  and  the  patient  had  been  advised 
several  times  to  have  it  removed  surgi- 
cally. A  second  gland  about  the  size  of  a 
hazel-nut  was  attached  beneath  the  chin 
close  to  the  middle  line.  There  was  also  a 
chain  of  enlarged  glands  just  above  the 
sternoclavicular  articulation  about  the 
size  of  a  hazel-nut.  No  involvement  in 
the  axillae  could  be  detected,  and  the 
spleen  was  normal  in  size.  Throughout 
the  course  of  treatment  marked  decrease 
in  the  size  of  the  abnormal  glands  was  noted. 
In  April,  1923,  his  condition  was  excellent. 
We  considered  him  a  sufficiently  good  risk 
to  take  out  an  insurance  policy  at  a  slightly 
increased  premium.  However,  it  is  inter- 
esting to  note  that  when  the  policy  was 
issued  the  premium  attached  was  a  normal 
one.  There  still  remains  a  slight  enlarge- 
ment of  the  chain  of  glands  on  the  left 
side  of  the  neck.  No  glands  are  palpable 
in  the  axillae  or  groins,  and  the  spleen  is 
normal  in  size  and  position. 

Case  2057.  Male,  aged  thirty-four. 
Reported  to  me  for  treatment  on  July  8, 
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1920.  He  had  an  enlargement  about  the 
size  of  a  small  egg  on  the  left  side  of  the 
neck.  It  had  been  first  noted  two  years 
previously.  He  had  tried  "blistering" 
with  no  beneficial  effect.  The  cervical 
glands  also  were  involved.  He  was  given 
deep  radium  exposures  every  month  for 
five  months,  after  which  time  the  size  of 
the  enlarged  glands  had  diminished  mark- 
edly and  there  was  no  evident  involvement 
above  the  cla\icle.  His  treatment  was 
suspended.  He  returned  seven  months 
later  with  small  glandular  involvement 
over  the  left  side  of  the  neck.  This  was 
given  a  hea^'y  radiation,  the  last  exposure 
being  in  August,  1921.  He  did  not  return 
until  April  of  this  year,  having  remained 
free  of  symptoms  during  that  time.  There 
is  now  a  development  above  the  right 
clavicle,  which  we  are  treating.  Radium 
has  been  most  beneficial  in  holding  the 
disease  in  check. 

Case  2303.  Male,  aged  thirty-six.  Came 
to  me  in  December,  1920.  Four  years  before 
this  date  he  had  been  operated  on  and 
glandular  tissue  from  the  cervical  region 
had  been  removed.  About  one  year  later 
recurrence  had  commenced,  first  at  the 
angle  of  the  jaw,  and  later  above  the 
clavicle.  Enlarged  glands  were  present 
in  the  axilla  when  first  examined.  There 
was  no  enlargement  of  the  spleen.  His 
general  health  was  fair.  Radium  treatment 
was  given  at  six-week  intervals,  and  has 
been  continued.  He  has  shown  gradual 
but  definite  improvement,  and  might  now 
be  considered  clinically  cured.  It  is  essen- 
tial, of  course,  that  he  keep  in  close  touch 
with  his  physician  so  that  any  recurrence 
may  be  treated  immediately. 
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DISCUSSION 

Dr.  H.  H.  Bowing,  Rochester,  Minn.  This 
is  a  very  interesting  paper,  in  that  the  primary 
result  in  practically  all  patients  in  the  group 
described  is  rapid.  In  some  instances  the 
amount  of  local  reduction  in  the  tumor  is 
astonisJiing.  The  leucemias,  Hodgkin's  disease, 
and  lymphosarcoma  can  be  classed  under  one 
head  as  blood  dyscrasias.  If  I  understood  Dr. 
Aikins,  he  uses  the  flat  applicator  to  the  point 
of  producing  erythema.  In  some  of  the  early 
cases  treated  in  the  Mayo  Clinic,  as  reported 
by  Dr.  Gifhn,  in  191 7,  the  erjahema  was 
believed  to  be  necessary.  It  was  first  attributed 
to  the  adhesive  plaster  used.  Then  an  appli- 
cator was  devised,  including  a  wood  plaque 
with  holes  to  fit  the  radium  tubes  and  a  lead 
plaque,  2  mm.  thick;  this  was  fastened  to  a 
leather  piece  or  belt.  It  produced  a  first-degree 
erythema  in  most  patients,  and  a  second- 
degree  in  a  few.  The  healing  in  all  cases  was 
usually  prompt  and  in  many  the  telangiectasia 
appeared,  with  the  ordinary  skin  changes  in 
an  area  the  size  of  the  applicator.  The  belt 
was  soon  discarded  since  the  distance  it  fur- 
nished was  not  sufficient.  Our  present  applica- 
tor contains  a  50-mgm.  universal  tube  of 
radium,  silver  walls  0.5  mm.  thick,  filtered 
through  2  mm.  of  lead  and  maintained  at 
2.5  cm.  distance,  the  time  of  application 
varying  from  three  to  eight  hours  to  each  area. 
The  same  purpose  is  accomplished  without 
injury  to  the  skin.  If  the  general  condition  of 
the  patient  is  good  and  the  history  long  stand- 
ing, the  50-mgm.  tube  is  applied  and  worn 
for  twenty-four  hours.  If  the  spleen  is  large, 
the  skin  surfaces  overlying  four  areas  are  given 
six  hours  each.  If  it  is  small,  eight  hours  each 
are  given  to  three  areas.  If  there  is  marked 
weakness  and  secondary  anemia  with  the 
ordinary  blood  changes  with  a  high  leucocj^e 
count,  applications  are  made  more  cautiously, 
the  50  mg.  tube,  screened  as  mentioned,  being 
worn  for  only  twelve  hours  instead  of  twenty- 
four.  We  usually  see  some  reduction  in  the 
leucocyte  count  and  some  improvement  in  the 
condition  following  the  second  or  third  treat- 
ment. As  long  as  the  leucocj^te  count  goes 
down  and  the  other  blood  factors  remain  as  at 
the  time  of  the  first  treatment,  we  continue 
until  three  or  four  have  been  given.  When  the 
erythrocyte  count  and  hemoglobin  decrease, 
the  treatment  is  stopped  immediately  for  fear 
of  increasing  the  anemia.  The  interval  is  usually 
a  week,  and  at  the  end  of  five  days  a  blood 
count  is  made  to  determine  whether  radium 
shall  be  applied  again.  If  delayed,  it  is  usually 
a  month  or  si.\  weeks. 
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In  cases  of  myelogenous  leucemia  patients 
are  supported  with  roentgen  treatment  over  the 
long  bones,  with  the  hope  of  securing  benefit 
by  further  reduction  in  the  myelocytes  circu- 
lating in  the  blood. 

In  lymphatic  leucemia  with  the  multiple 
enlarged  glands,  it  is  our  rule  to  distribute  the 
radium,  usually  employing  eight  areas,  giving 
three  hours  for  each  area;  two  in  the  right  and 
left  cervical  areas,  one  each  in  the  axillary,  one 
each  in  the  inguinal  spaces.  With  this  technique 
we  have  seen  no  skin  reactions,  and  the  patients 
improve.  It  is  usually  an  index  of  a  favorable 
change  in  the  blood.  As  long  as  patients  report 
that  they  are  feeling  better,  resting  more,  their 
appetite  returning,  and  so  on,  it  is  safe  to 
continue  the  treatment  until  four  have  been 
given,  with  a  subsequent  rest  of  from  six  to 
eight  weeks.  As  a  group,  these  patients  are  very 
grateful;  the  initial  response  is  satisfactory  and 
in  some  quite  enduring. 

Dr.  Laurence  Taussig,  San  Francisco, 
Calif.  From  the  dermatologists'  viewpoint 
Dr.  Bowing's  point  is  well  taken.  We  should 
avoid  causing  reaction  on  account  of  the 
possibility  of  subsequent  atrophy  and  telangi- 
ectasia. It  makes  no  cosmetic  difference  over 
the  spleen  but  it  increases  the  sensibility  of  the 
skin  over  the  area  treated  and  is  likely  to  hinder 
one  in  the  further  treatment  of  a  case. 

Dr.  Grace  L.  Homman,  LaPorte,  Ind.  I 
had  a  case  that  ran  over  900,000  lymphocytes 
per  cubic  millimeter.  I  do  not  remember  the 
exact  count.  Cases  have  been  reported  with 
counts  over  1,000,000. 

I  should  like  to  ask  Dr.  Bowing  why  he  uses 
2  mm.  of  lead  in  his  screen.  My  impression  is 
that  all  one  needs  is  the  one-inch  distance. 
The  beta  rays  penetrate  only  two  or  three 
millimeters  of  tissue  and  therefore  the  lead 
screen  seems  to  me  unnecessary. 

Dr.  Edwin  C.  Ernst,  St.  Louis,  Mo. 
My  experience  in  the  radiation  of  these 
conditions  haS  been  largely  limited  to  the  use 
of  the  x-ray  rather  than  radium.  Those  cases 
in  which  radium  was  employed  exclusively  did 
not  react  satisfactorily;  the  dosages  employed 
were  no  doubt  too  severe.  Therefore,  our 
experience  with  radium  has  been  too  limited 
to  be  of  value  in  this  discussion. 

However,  14  or  15  cases  of  myelogenous 
leucemia,  in  which  there  had  been  a  return 
of  the  splenic  enlargements,  together  with  a 
return  of  the  original  blood  pictures,  a  type  of 
cases  very  unfavorable,  after  having  received 
a  series  of  .v-ray  treatments,  did  respond  to  the 
second  series  of  radiations.  We  did  not  attempt 
to  force  the  treatments,  employing  extremely 
mild  dosages  of  x-rays.  The  amount  of  radiation 
at  times  did  not  seem  sufficient  to  produce  any 


cellular  changes.  Nevertheless,  we  believe  that 
the  treatment  of  these  conditions  warrants 
mild  but  repeated  exposures.  The  above  series 
of  cases  had  a  return  of  symptoms.  This  was 
due  entirely  to  the  fact  that  they  failed  to  appear 
for  further  treatment,  contrary  to  our  instruc- 
tions to  report  regularly  at  certain  prescribed 
intervals. 

All  of  the  above  patients  are  in  comparatively 
good  health,  symptom-free,  for  periods  ranging 
from  two  to  five  years.  Those  patients  in  whom 
more  intensive  radiations  were  employed, 
failed  to  respond  in  an  equally  favorable 
manner.  The  technique  employed  ranged  from 
135,000  to  140,000  volts,  sphere-gap  measure- 
ments, employing  a  filtration  of  4  mm.  of 
aluminum  at  a  focal  skin  distance  of  from  10 
to  12  in.  The  time  factor  was  frequently  as 
low  as  15  ma.  minutes  over  each  area.  This 
amount  of  radiation  was  employed  directly 
over  the  splenic  area  at  long  intervals,  the  long 
bones  receiving  the  more  intensive  radiation. 
The  intervals  between  treatments  were  gradu- 
ally increased.  Most  important  of  all,  we  did  not 
attempt  to  reduce  the  white  cell  count  too 
rapidly. 

Dr.  Sanford  Withers,  Denver,  Colo. 
Has  Dr.  Aikins  ever  estimated  the  greatest 
possible  number  of  Ij-mphocytes  that  might 
be  in  a  cubic  millimeter?  I  had  a  case  of 
lymphatic  leucemia  that  came  in  with  a  count 
of  860,000  per  cubic  millimeter.  According  to 
my  calculations  a  cubic  millimeter  of  blood 
should  not  be  able  to  hold  more  than  1,200,000 
and  I  should  like  to  hear  if  anyone  else  has  had 
a  case  of  lymphatic  leucemia  with  such  a  high 
count. 

Dr.  William  E.  Montgomery,  Kansas  City, 
Mo.  I  wish  to  report  a  case  of  myelogenous 
type  treated  by  the  old  method.  The  patient 
is  now  living  and  has  had  no  treatment  for 
eight  years.  The  last  blood  count  showed 
20,000  white  cells.  He  still  has  a  lemon  color 
and  is  not  very  robust  but  is  able  to  attend  to 
his  business.  All  the  other  cases  I  have  treated 
are  dead.  I  thought  this  case  was  a  little  out 
of  the  ordinary. 

Dr.  R.  E.  Loucks,  Detroit,  Mich.  I  have 
been  interested  in  this  condition  for  some 
time.  It  was  my  misfortune  to  treat  a  medical 
friend  who  had  a  mj'elogenous  leucemia.  The 
first  intimation  was  a  hemorrhage  in  his  eye 
and  we  found  splenomyelogenous  leucemia. 
He  was  very  much  alarmed.  He  had  some 
experience  with  the  .\-ray  and  did  not  have 
much  faith  in  it.  He  came  into  our  service 
and  we  treated  him  for  five  or  six  years.  He 
improA-ed  greatly  and  was  quite  well  during 
that  time,  continuing  his  practice.  He  did  not 
exactly  follow  the  rules  we  laid  down,  but  ate 
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what  he  wanted  and  drank  what  he  could  get, 
so  it  was  hard  to  keep  him  under  control, 
but  we  made  him  very  comfortable  for  five  or 
six  years.  Then  the  spleen  was  so  large  that 
radium  did  not  seem  to  have  much  influence 
on  it,  so  I  turned  him  over  to  Dr.  Stevens  and 
we  rayed  the  long  bones  for  about  a  year, 
but  did  not  get  much  reduction  in  the  size 
of  the  spleen  or  white  count.  He  lived  for 
about  six  years  and  died  of  a  terminal 
pneumonia. 

I  have  another  case  that  has  been  under 
observation  for  four  or  five  years.  After  his 
first  treatment  he  was  very  well  for  about  a 
year.  One  night  he  had  a  vomiting  spell  with 
terrific  hemorrhage.  He  became  greatly  exsan- 
guinated and  we  had  to  do  a  transfusion 
immediately.  We  applied  radium  later  and  he 
picked  up  quickly.  We  treated  him  again  two 
months  ago  but  now  his  spleen  fills  the  entire 
abdominal  cavity  and  is  becoming  hard.  His 
white  blood  count  is  something  like  600,000 
and  we  do  not  expect  to  get  much  result  from 
treatment. 

I  have  never  seen  much  benefit  from  the 
treatment  of  the  long  bones  with  x-raj's.  It 
has  been  advocated  for  some  years  and  I  think 
all  of  us  have  tried  it,  but  I  have  never  had  as 
good  results  from  the  x-rays  as  from  radium. 
I  have  used  200  mgm.  over  the  different  areas 
and  have  given  them  as  much  as  twenty 
hours,  distributed  over  five  different  areas. 
It  does  give  the  patients  a  lease  on  life  and 
probably  we  can  do  as  much  for  them  with 
radium  as  with  anything  else. 

Dr.  H.  H.  Bowing,  Rochester,  Minn. 
Answering  Dr.  Homman's  query  as  to  the  2 
mm.  of  lead,  I  have  often  questioned  its  use 
in  this  formula,  but  I  know  that  wherever  a 
number  of  areas  confined  to  a  small  space 
are  treated,  the  use  of  lead  is  essential, 
to  avoid  an  erythema.  It  requires  so  little 
radium  and  time  of  application  to  bring 
about  the  desired  result,  that  I  have  never 
seriously  questioned  removing  the  lead  from 
the  applicator. 

Concerning  the  blood  count  of  1,000,000  or 
more,  I  do  not  recall  a  case  in  which  the  leu- 
cocytes reached  a  million.  The  largest  count  I 
can  remember  was  700,000  and  the  response 


was  gradual,  although  the  reduction  was 
greater  each  week  and  more  rapid. 

Concerning  splenectomy  as  a  procedure  in 
the  management  of  these  cases,  I  do  not  care 
to  make  any  statements,  since  I  am  not 
familiar  with  the  studies  now  in  preparation 
at  the  clinic.  It  has  been  my  privilege  to  treat 
splenectomized  patients.  The  hepatic  area  is 
exposed  to  small  quantities  of  radium.  The 
reduction  in  the  blood  count  occurs,  but  the 
liver  does  not  reduce  in  size.  A  case  has  been 
reported  in  the  literature  in  which  the  spleen 
was  removed,  and  the  splenic  area  treated, 
with  good  results. 

Dr.  Henry  Schmitz,  Chicago,  III.  In  a 
series  conducted  with  Drs.  Ochsner  and  Percy 
we  used  about  100  mgm.  radium  element  over 
the  spleen  for  fifty  hours  divided  over  six 
fields  at  a  distance  of  3  cm.  Within  fourteen 
days  the  spleen  was  reduced  to  normal  size 
and  the  white  blood  count  was  usually  from 
15,000  to  30,000.  In  some  cases  the  improve- 
ment would  last  from  three  to  six  months, 
when  reapplications  of  radium  had  to  be  made. 
However,  with  each  subsequent  course  of 
radiation  the  patient  seemed  to  have  acquired 
a  greater  resistance  to  the  rays  and  did  not 
respond  promptly.  The  A:-rays,  apparently, 
were  not  as  efficacious  as  gamma  rays.  Radia- 
tion of  the  bone-marrow,  also,  was  not  followed 
by  better  results.  Persistence  of  the  spleen  to 
renewed  enlargements  usually  was  an  indica- 
tion for  splenectomy. 

We  may  say  that  radiations  in  splenomj'elo- 
genic  leucemias  retarded  the  fatal  outcome 
from  two  to  four  years. 

Dr.  Aikins  (concluding  discussion).  In 
treating  these  cases  with  radium  we  have 
always  considered  the  leucemia  so  grave  that 
an  erythema  is  of  minor  importance.  However, 
we  avoid  this  whenever  possible.  We  have 
found  it  necessary  to  give  a  certain  amount  of 
radiation  before  any  improvement  can  be 
expected  in  the  condition  of  the  patient.  In 
severe  cases  as  much  as  2,000  to  4,000  mgm. 
hours  is  required.  In  reply  to  Dr.  Withers' 
question  I  may  say  that  I  have  not  estimated 
the  possible  lymphocyte  count  per  cubic 
millimeter  but  the  highest  count  we  have  had 
was  750,000  per  c.nim. 
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IN  few  situations  does  a  malignant  lesion 
present  greater  difficulties  in  the  tech- 
nique of  radiation  appHcation  and  dosage, 
or  less  probability  of  completely  destroying 
the  neoplastic  tissue  than  in  carcinoma  of 
the  esophagus.  Unfortunately,  the  atten- 
tion of  the  patient  is  not  drawn  to  his 
trouble  until  dysphagia  appears;  and  this 
is  therefore  the  earliest  clinical  symptom, 
usually  the  one  which  brings  the  patient 
to  the  physician.  Yet  esophageal  carcinoma 
furnishes  a  large  proportion  of  erroneous 
diagnosis  or  failures  to  diagnose,  owing  to 
the  absence  of  the  symptom  of  dysphagia. 
This  was  shown  in  the  statistics  published 
some  years  ago  by  Richard  Cabot,  after 
reviewing  the  incorrect  diagnoses  in  a 
large  series  of  cases  at  the  Massachusetts 
General  Hospital. 

Roentgenologically,  the  earliest  sign  of 
esophageal  carcinoma  may  be  due  to  the 
obstruction  of  constant  grade  one  would 
expect  from  the  organic  stenosis  attending 
the  malignant  lesion.  The  writer  has  found 
many  cases  of  esophageal  carcinoma  where 
the  first  signs  of  obstruction  were  apparent 
long  before  there  existed  any  actual  narrow- 
ing of  the  esophageal  lumen,  the  hindrance 
being  due  to  a  spasm  set  up  at  the  level  of 
the  early  malignant  lesion,  or  just  above 
it,  a  considerable  time  before  the  infiltrating 
process  had  brought  about  actual  stenosis. 
This  is  especially  true  of  those  cases  of 
carcinoma  of  the  lesser  curvature  high  up 
in  the  stomach  involving  the  cardiac 
orifice.  It  often  happens  that  these 
obstructions  are  at  first  considered  spastic 
because  the  administration  of  antispas- 
modics temporarily  relieves  the  dysphagia. 
Occasionally  an  extra-esophageai  malig- 
nant mass  will  be  accompanied  by  a  spas- 
modic obstruction  in  the  esophagus.  The 
writer  has  in  mind  particularly  one  case 
in  which  the  esophageal  obstruction  was 
by  post-mortem  shown  to  be  due  to  a 
carcinoma  of  the  lesser  curvature  of  the 
stomach,  with  extensive  infiltration  of  the 
glands  about  the  cardiac  orifice  and  some 


infiltration  of  the  cardia;  yet  the  site  of  the 
obstruction  in  the  esophagus,  as  deter- 
mined both  by  sounds  and  by  the  roentgen 
studies,  was  two  or  three  inches  higher  than 
the  infiltrated  area,  and  it  had  all  the  ear- 
marks of  a  spastic  hindrance.  We  therefore 
make  routine  use  of  antispasmodic  medi- 
cation, both  in  the  study  and  the  treatment 
of  esophageal  lesions  thought  to  be  malig- 
nant. One  of  the  most  important  technical 
problems  to  be  overcome  in  radium  treat- 
ment of  esophageal  cancer  is  the  delivery 
of  an  adequate  dose  of  homogenous  radia- 
tion into  the  depths  of  the  tissues.  The 
investigations  of  Friedrich,  supplemented 
and  corrected  by  Schmitz  working  in 
Friedrich's  laboratory,  show  how  rapidly 
the  efficiency  of  radiation  from  a  radium 
capsule  diminishes  at  a  short  distance  from 
the  applicator;  so  that  unless  one  does 
considerable  damage  through  overdosage 
to  the  tissues  actually  in  contact  with  the 
radium  applicator,  he  will  not  deliver  an 
efficient  dose  into  the  depths  of  the  lesion, 
say  only  two  centimeters  beneath  the 
mucous  membrane,  and  certainly  nothing 
like  an  efficient  dosage  along  the  normal 
fines  of  extension.  If  the  lumen  of  the 
stricture  suffered  sufficient  dilation  to 
permit  from  8  to  15  mm.  of  rubber  tissue 
wrapped  around  the  radium  in  its  usual 
metal  container,  the  added  distance  from 
radiant  source  to  mucosa  would  greatly 
improve  the  depth  dosage,  though  much 
prolonging  the  time  of  application.  Yet, 
one  hesitates  to  dilate  a  malignant  stricture 
at  all,  and  in  the  light  of  our  present  knowl- 
edge he  surely  will  not  do  so  any  more  than 
is  absolutely  required  for  introducing  some 
form  of  radium  applicator,  fearing  that  the 
instrumentation  may  do  more  harm  than 
the  radiation  does  good.  The  radiologist 
is  thus  by  circumstances  limited  to  an 
unequally  distributed,  non-homogeneous 
radiation,  if  he  depends  upon  radium  alone; 
therefore  the  natural  tendency  to  supple- 
ment the  radium  application  by  external 
applications  of  radium  by  packs  applied  at 
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some  distance  from  the  skin,  or  by  deep 
roentgen  irradiation,  or  by  both. 

Another  serious  problem  is  an  accurate 
visualization  of  the  lesion,  as  interpreted 
from  the  x-ray  and  clinical  findings.  Some 
have  recommended  the  routine  study  of 
these  patients  by  means  of  the  esophago- 
scope,  but  such  instrumentation  is 
extremely  distressing  to  some  patients  and, 
for  various  reasons,  quite  impossible  in 
others. 


accurately'    and    efficiently    to    place    the 
radium. 

I.  Radium-bearing    Sound   Guided  by  a 
Thread.     By  the  well-known  technique,  a 
thread  several  feet  in  length  is  employed. 
Eight  or  ten  inches  of  this  stout  but  very 
fine   thread    is    enclosed    in   an   ordinarj' 
5-gr.     capsule     and     swallowed.     Careful 
"feeding"  of  the  thread  aided  by  hypo- 
dermic  injection  of  atropine  to  the  point 
of  securing  marked  dryness  in  the  throat, 
plus  the  frequent  sipping  of  small 
amounts    of  warm    water,  will,  in 
most     cases,     carry     the     thread 
through  the  stricture  and  on  along 
the    digestive    tube    distally  until 
traction  on  the  thread  reveals  the 
stout  resistance  offered  to  attempts 
at  withdrawal. 

In  other  cases  success  has  fol- 
lowed the  use  of  atropine  to  the 
point  of  marked  dryness  of  the 
mouth  followed  by  a  little  paraf- 
fin oil.  The  thread  once  in  place, 
it  is  a  relatively  simple  matter  to 
give  the  patient  a  swallow  of  a 
barium  mixture,  not  too  opaque, 
to  permit  accurate  screen  observa- 
tions of  the  site  of  the  lesion,  and  to 
thread  over  the  silken  guide  the 
radium-bearing  sound,  the  con- 
struction of  which  will  be  taken  up 
further  on.  When  through  with  the 
silk  thread,  it  is  withdrawn  by 
Fig.  I.  Gastrostomy  tube  introduced  into  the  stomach  in  such  mouth  aS  far  aS  possible  and 
direction    that   a   duodenal    sound   passed    through  this  tube     py^   off,   the   remainder    passmg    on 

'    '  .^^^^  ^^^  intestine.   Not   the   least 

difficult   of   the   steps   of   this   procedure 


will  be  directed  into  the  pylorus. 

It  is  not  easy  to  make  an  accurate  map 
of  the  infiltration  or  ulceration  in  any  given 
case,  and  yet  an  error  of  estimation  amount- 
ing to  only  a  centimeter  or  so  makes  a 
great  difference  in  the  result.  The  above 
considerations  emphasize  the  obvious  need 
of  the  greatest  possible  accuracy  in  the 
mental  picture  formed  of  the  lesion  under 
attack,  the  need  of  abundant  filtration  and 
a  maximum  of  distance  from  radiant 
source  to  lesion,  none  of  which  ideals  are 
capable  of  satisfactory  realization,  at  least 
in  the  present  state  of  our-  attainments. 

RADIUM   METHODS 

Various  methods  have  been  devised 
and  employed  by  all  of  us  in  the  attempt 


IS  the  maintenance  of  the  radium  in 
proper  position,  once  it  has  been  placed 
under  the  guidance  of  the  fluoroscope. 
The  writer  prefers  to  put  a  mattress  and 
other  comforts  on  a  horizontal  fluoroscope 
and  leave  the  patient  lying  quietly  in  the 
position  assumed  during  the  sounding. 
The  distal  end  of  the  radiferous  sound  is 
attached  to  the  cheek  by  adhesive  plaster, 
first  bending  the  sound  over  the  teeth  in 
such  a  way  as  to  mark  securely  the  proper 
location.  It  is  well  to  alter  the  position  of 
the  sound,  deliberately  attempting  to 
place  it  a  little  too  far  at  the  first 
and  a  little  short  of  the  lesion  at  the  third 
change. 
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prepared,  as  in  the  first  method  described, 
and  one  end  of  it,  in  a  capsule,  swallowed. 
A  fine  thread  may  be  employed,  a  stouter 
one  being  drawn  down,  once  the  end  of  the 
finer  one  has  been  reco^•ered  from  the 
stomach  through  the  gastrostomy  opening. 
Formerly  the  writer  used  an  ordinary 
shoe-button  hook  or  a  strabismus  hook, 
or  Kellogg's  ligament  hook,  to  fish  up  the 
thread,     but     a     simpler     way     recently 


2.  The  Radijerous  Sound  Canalizing  the 
Stricture  under  Fluoroscopic  Guidance. 
This  method,  already  long  before  de\ised 
and  practiced  by  ^"arious  radiologists, 
was  reviewed  and  Improved  by  Mills  at 
the  St.  Louis  meeting  of  this  Association. 
Mills  deserves  special  recognition  for  the 
very  ingenious  modifications  of  the  sound, 

Eermitting  the  terminal  radiferous  end  to  be 
ent  in  only  one  of  four  directions,  while 
the  remainder  of  the  sound  is  sus- 
ceptible of  any  sort  of  angulation. 
This  small  but  very  important  ad- 
dition to  the  instrument  permits 
canalization  under  screen  control  of 
practically  every  organic  stricture  to 
be  met;  yet  occasionally  one  sees  a 
case  in  which  the  method  is  imprac- 
ticable. Sometimes  the  stricture  is  too 
tight  for  passage;  again  sometimes  the 
patient  proves  to  be  unable  to  tolerate 
the  esophageal  and  pharyngeal 
manipulations;  the  instrumentation 
of  the  lesion,  with  more  or  less  trau- 
matism, as  in  the  thread  method, 
is  prejudicial  to  success;  and  finally 
many  patients  experience  the  greatest 
distress  in  maintaining  the  sound  so 
long  in  the  esophagus  because  of  the 
hurt  to  the  pharynx  and  mouth. 

3.  Gastrostomy,  Plus  Thread  Method. 
A    gastrostomy    may    be   performed, 

under  local  iniiltration  anesthesia,  the     Fig.  2.  Representation  of  tlie  duudcnal  sound  passed  through 
technique  being  such  that  an  efficient         the  gastrostomy  tube  and  on  into  the  duodenum  for  duodenal 
I         Ki  •  I  teedmg. 

vahe-l  ike  gastrostomy  opening  results. 

It  is  the  writer's  custom  to  perform  this  presented  Itself.  With  an  ordinary  washout 
operation  In  such  a  way  that  the  gastros-  3-4  oz.  syringe,  fill  the  stomach  with  water; 
tomy  tube  points  toward  the  pylorus,  care  then,  leaving  the  syringe  attached  to  the 
being  taken  to  use  a  rather  large  tube,  tube,  withdraw  the  tube,  syringe  and  all. 
sufticient  to  permit  the  passage  through  it  of  The  thread  readily  floats  out  through  the 
an  ordinarv duodenal  tubewithout  itsmetal     opening  with  the  escaping  fluid.  By  gentle 

thread  Is  pulled  down, 
a   much   stouter   guide 


tip.  Almost  immediately  after  the  opera- 
tion, if  not  at  once,  a  duodenal  tube  is 
passed  through  the  gastrostomy  tube,  on 
through  the  pylorus  well  into  the  duo- 
denum, the  position  being  \erified  by  x-ray 
observation.  It  is  not  required  to  move  the 
patient  to  the  fluoroscopic  room;  a  bedside 
.\-ray  equipment  is  quickly  moved  to  the 
patient's  room,  and  little  trouble  Is  caused 


traction  the  fine 
drawing    with    it 

thread.  When  the  stout  thread  is  in  place, 
from  mouth  to  gastrostomy  opening,  the 
lower  end  of  the  thread  Is  passed  through 
the  gastrostomy  tube,  which  is  again  intro- 
duced into  the  stomach.  Under  the  traction 
required  to  pull  down  the  radium  applicator 
attached  to  the  upper  end  of  the  thread. 


by  slipping  a  film  beneath  the  sick  one,  to  damage  may  be  done  to  the  lining  of  the 

make  the  necessary  x-ray  exposure.  Duod-  stomach  by  the  "sawing"  of  the  thread 

enal  feeding  is  begun  at  once.  The  opera-  unless  this  tube  be  In  place.  The  inner  end 

tion   successfully   performed,  a   thread  Is  of  the  tube  may  even  be  pulled  up  into  the 
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lower  end  of  the  esophagus,  which  is 
additional  insurance  against  "sawing"  the 
mucosa.  It  is  important  to  maintain  a 
thread  attachment  to  the  radiferous  cap- 
sules through  the  mouth,  for  one  may  need 
to    alter    the    position    either    upward    or 


Fig.  3.  Thread  u  —  a'  passed  from  the  mouth  througli 
the  esophagus,  past  the  malignant  stricture,  and 
nut  through  the  gastrostomy  opening. 

downward.  On  one  occasion  the  e.xtra  silk 
thread  served  for  removal  of  the  capsule 
when  the  other  end  of  the  thread  broke. 
Among  the  advantages  of  this  thread 
method  when  combined  with  gastrostonn 
may  be  mentioned: 

(a)  The  ability  to  begin  abundant  feed- 
ing at  once  and  to  maintain  good  nutrition 
through  the  gastrostomy  openmg. 


(6)  The  greatly  lessened  discomfort  to 
the  patient  during  the  radium  treatments. 

(c)  Ability  to  place  the  radium  more 
accurately.  It  is  needless  to  add  that  all 
these  manipulations  and  collocations  of  the 
radiferous  capsule  are  done  under  careful 
and  repeated  screen  control. 

As  to  the  added  comfort  to  the  patient 
during  the  application,  when  only  a  thread 
passes  through  the  mouth  and  pharynx 
instead  of  the  \ery  uncomfortable  sound. 
It  is  possible  to  construct  a  sound  in  such 
form  that  the  stafT  can  be  removed  after 
the  placing  of  the  capsule,  which  is  removed 
later  by  means  of  a  thread  left  attached  to 
It.  However,  the  writer  teels  that  in  \iew 
of  the  ultimate  bad  prognosis  and  the 
necessity  of  improving  the  patient's  nutri- 
tion immediately  and  maintaining  it,  the 
gastrostomy  is  a  desirable  addition  to  the 
technique. 

Of  course,  in  this  gastrostomy-thread 
method  it  is  possible  to  pull  up  the  radif- 
erous capsule  from  below  through  the 
opening  in  the  stomach;  but  this  trau- 
matizes the  gastrostomy  opening,  and  much 
distress  is  caused  by  the  traction  on  the 
thread  in  the  mouth  and  pharynx. 

4.  Esophagoscopic  Implantation  of  Ra- 
dium Xeedles  or  "Seeds."  This  is  a  method 
HI  which  the  writer  has  had  little  experience, 
but  one  which  is  highly  recommended  by 
se\eral  well-known  men  (\'ankauer, 
Guisez,  etc.).  The  latter  recently  reported 
several  cases  in  which  apparent  cure  has 
lasted  nearly  three  years,  where  radiferous 
needles  have  been  placed  in  and  about  the 
esophagus  lesion  under  the  direct  control 
furnished  by  esophagoscopy.  In  the  experi- 
ence ot  the  writer  and  his  colleague  there 
are  many  objections  to  esophagoscopy  in 
these  patients,  who  are  weakened,  old,  and 
often  in  such  a  state  of  distress  that 
esophagoscopy  cannot  be  tolerated.  Even 
when  accomplished,  the  implantation  of 
needles  is  thoroughly  done  only  around  the 
upper  pole  of  the  stricture,  and  there  is  the 
e\  er-present  danger  of  perforation,  either 
immediate  or  alter  a  few  da\s.  One  case 
has  been  reported  where  death  occurred 
irom  a  small  perforation  into  the  aorta.  In 
the  employment  of  this  technique  "seeds" 
of  radium  emanation  are  preferable  to  any 
other  torm  ot  radium  applicator. 


The  Technique  of  Radiation  Therapy  of  Esophageal  Carcinc 


863 


This  method  has  the  ob\  iously  great 
advantage  of  permitting  accurate  vision 
of  the  lesion  and  the  progress  of  the 
treatment.  Undoubtedly  the  method  will 
appeal  to  the  men  \\ho  ha\e  had  special 
training  in  esophagoscopy. 

PURELY  ROENTGEN  METHOD 

Under  modern  roentgenotherapeutic 
\-oltage,  long  focus-skin  distance,  large 
fields  and  hea\v  filtration,  the  adminis- 
tration of  a  highly  etlicient  dosage  of 
roentgen  rays  to  the  neighborhood  of  the 
esophageal  lesion  is  feasible.  The  writer 
employs  four  fields,  as  a  rule  centering  the 
radiation  as  nearly  as  possible  upon  the 
carefully  mapped  out  objective.  The  dosage 
upon  the  skin  is  \'ariable,  the  intention 
being  to  deliver  to  the  lesion  considerably 
more  than  a  full  erythema  dose  (120-130 
per  cent  E.  S.  D.).  Our  effort  has  been  to 
deli\er  this  dose  within  about  four  days' 
time;  but  the  obser\'ations  of  Regaud  and 
his  colleagues  gne  good  ground  for  the 
belief  that  the  same  dose  given  in  from  ten 
to  t\vel\e  days'  time  is  more  efficient,  while 
being  much  less  distressing  to  the  already 
weakened,  undernourished  patient.  Surely 
the  roentgen  method  has  the  ad\antage  of 
a\oiding  all  intraesophageal  manipula- 
tion. This,  according  to  Simone  Labord,  is 
a  reason  for  preferring  the  roentgen  method 
to  the  exclusion  of  intraesophageal  radium, 
for  fear  that  radium  treatment  of  esophageal 
cancer  sometimes  actually  shortens  the 
patient's  existence. 

COMBINATION  ROENTGEN  AND   RADIUM 
METHOD 

A  combination  of  the  external  appli- 
cation of  roentgen  radiation  with  the 
intraesophageal  application  of  radium 
appears  to  the  writer  to  be  the  ideal 
method.  This  belief  is  borne  out  by  our 
clinical  results  which  show  greatest  pro- 
longation of  life,  although  our  results  are 
no  better  than  those  reported  by  Mills  a 
year  ago.  We  have  performed  gastrostomy 
on  three-quarters  of  our  patients,  and  have 
given  them  by  this  means  alone  a  marked 
degree  of  palliation. 

COMMENT 

In  our  own  work  we  prefer  the  method  ot 
gastrostomy    under    local    anesthetic,    fol- 


lowed in  ten  days  by  the  placing  of  the 
thread,  and  three  or  four  days  later  by  the 
first  application  of  radium.  A  series  of 
roentgen  applications  through  four  fields 
is  then  given,  if  it  has  not  already  pre- 
ceded the  operation.  On  about  the  twen- 
tieth and  twenty-fifth  days  further  radium 
is  applied,  and  a  program  of  watchful 
waiting  instituted.    In  the  preparation  ot 


Fig.  ^.  This  thread  is  then  passed  tlirmigh  the  gastros- 
tomy tube,  which  is  reintroduced  into  the  opening 
into  the  stomach.  Traction  upon  the  thread  a  —  a' 
in  the  direction  of  a'  pulls  the  inner  end  of  the  gas- 
trostomy tube  up  to  the  inferior  border  of  the  stric- 
ture thus  preventing  sawing  of  the  thread  upon  the 
soft  tissues  at  the  cardia.  The  radiferous  capsule 
is  then  drawn  down  the  esophagus  into  the  stricture 
under  x-ray  guidance  and  the  taut  thread  held  in 
position  by  the  forceps  "b"  clamped  on  the  gastro- 
stomy tube  close  to  the  skin. 

the  radium  applicator,  whether  for  use  by 
the  sound  or  by  the  thread  and  gastrostomy 
method,  it  is  our  custom  to  use  two,  and  at 
times  three,  capsules,  placed  end  to  end, 
a  100  mgm.  in  the  middle,  and  a  50  mgm. 
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capsule  on  either  end.  The  whole  is  con- 
tained in  the  usual  i  mm.  of  brass  filter 
and  wrapped  with  plastic  rubber  of  the 
thickness  estimated  feasible  in  the  given 
case,  using  the  maximum  amount  of 
wrapping.  Near  the  upper  end  of  the  prepa- 
ration, a  cuff  of  rubber  is  wrapped  in 
such  a  way  as  to  form  a  guard  against  the 
slipping  of  the  preparation  entirely  below 
the  stricture.  Of  course,  in  some  cases  it  is 
impossible  to  canalize  the  narrowed  lumen 


Fig.  5.  Details  of  construction  of  radifcrous  capsule. 
The  radium  capsule  tlircaded  is  wrapped  with  elastic 
rubber  in  such  thickness  and  shape  as  the  indications 
of  the  case  permit.  The  upper  end  of  the  capsule 
is  widened  out  so  as  to  form  a  shoulder.  One  can 
feel  impaction  of  this  shoulder  against  the  upper 
end  of  the  stricture  and  thus  know  when  to  stop 
pulling. 

with  even  the  ordinary  applicator  in  its 
brass  co\er,  to  say  nothing  of  additional 
rubber;  in  such  cases  we  content  ourselves 
with  the  silver  filter  for  the  first  time, 
usually  finding  that  it  is  possible,  after  the 
lapse  of  a  few  days,  to  use  the  more  bulky 
applicator. 

Renewed     roentgen     applications     and 
radium  treatments  are  given  \n  hen  circum- 


stances warrant,  but  it  is  our  intention  and 
hope  to  give  all  the  radiation  necessary 
during  the  first  attack.  We  hope  so  to 
perfect  our  calculations  and  our  technique 
that  this  may  be  realized;  but  to  date  we 
ha\e  found  it  necessary  to  continue  treat- 
ment into  the  second  or  third  series. 

The  method  preferred  by  the  writer 
includes,  then,  the  following: 

1.  Careful  .\-ray  survey  of  the  lesion, 
realizing  how  much  of  the  deformity  in 
the  esophageal  lumen  may  be  due  to 
associated  spasticity. 

2.  Preliminary  deep  roentgen  treatment. 

3.  Gastrostomy,  followed  at  once  by 
duodenal  feeding. 

4.  Ten  to  fourteen  days  later  placing  of 
thread  from  mouth,  through  stricture,  and 
out  of  gastrostomy  opening. 

J.  Intraesophageal  radium  treatment 
by  aid  of  this  thread  under  careful  fluoros- 
copic screen  control,  endeavoring  to 
administer  all  necessary  radiation  during 
first  attack. 

6.  Careful  periodical  review  of  case  from 
month  to  month  with  repetition  of  radia- 
tion therapy  as  needed. 

DISCUSSION 

Dr.  Henry  Sch.mitz,  Chicago,  111.  The 
treatment  of  cancer  of  the  esophagus  has  been 
anything  but  encouraging  in  the  hands  of  most 
of  us.  The  reasons  for  this  are:  First,  the  trauma 
which  is  usually  caused  by  the  insertion  of  the 
radium  dose,  and  second,  the  impossibility  of 
applying  the  correct  radium  dose.  I  feel  that  we 
can  congratulate  Dr.  Case  upon  the  method  he 
has  demonstrated.  It  appeals  to  me  as  the  most 
rational  of  which  I  have  heard.  The  danger  in 
the  use  of  radium  in  the  esophagus  is  the  local 
destruction  caused  by  the  radium.  The  trauma 
results  in  increased  diHiculty  in  swallowing, 
interferes  with  nutrition  and  decreases  the 
strength  of  the  patient  alarmingly.  I  have  not 
seen  any  case  in  whicl:  we  have  had  even 
temporarily  good  results.  The  patients  have 
been  worse  off  after  the  application  of  radium 
than  before. 

The  method  advised  b>-  Dr.  Case  insures  pro- 
per feeding  and  enables  one  to  place  the  radium 
capsule  correctly  and  for  a  length  of  time 
necessary  to  insure  results.  Finally,  the  added 
radiation  of  the  .v-ray  enhances  the  eflicacy  of 
the  treatment. 

Dr.  Sanford  Withers,  Denver,  Colo.  I 
am  heartily  in  accord  with  the  use  of  a  gastros- 
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tomy  to  relieve  the  continual  massage  of  the 
esophagus  by  the  passage  of  each  bolus  of  food. 

For  placing  the  radium  in  such  cases  I  mold  a 
sort  of  shoukier-Iike  disc  of  wax  on  the  capsule 
or  wire  guide  to  prevent  the  radium  from  going 
below  the  stricture.  The  radium  capsule  and 
hard  wax  disc  are  covered  with  paraffin  to  give 
a  smooth  nonconductive  coat. 

Dr.  H.  H.  Bowing,  Rochester,  Minn.  I 
do  not  know  whether  our  results  are  any 
better  than  those  of  Dr.  Case,  but  certainly  they 
are  better  than  those  of  Dr.  Schmitz.  These 
patients  get  a  wonderful  amount  of  relief  from 
the  dilatation  alone.  I  recall  one  patient  who 
returned  to  his  work  and  lived  for  three  years. 
His  only  symptom,  when  last  seen,  was  a 
chronic  cough,  and  the  .v-ray  examination  of  the 
chest  showed  multiple  metastatic  areas.  If 
we  had  given  him  irradiation  we  would  have 
credited  this  improvement  to  the  treatment. 
We  can  probably  give  the  majority  a  longer 
lease  on  life  with  treatment  than  without  it. 

We  use  tlie  string  method  described  by  Dr. 
Case.  With  the  string  in  position  the  sound  may 
be  passed  along  its  course  with  the  least  chance 
of  injury  to  the  diseased  esophagus.  We  always 
begin  with  a  small  olive,  and  increase  the  size 
until  we  get  one  that  enters  with  some  difh- 
culty;  then  we  know  we  have  an  olive  that  will 
help  to  hold  the  radium  applicator  in  position. 
The  applicator  itself  is  about  7.5  cm.  long  and 
it  will  hold  two  tubes  of  radium. 

The  upper  end  of  the  applicator  is  fitted  with 
a  large  olive  that  will  not  go  beyond  the 
obstruction.  The  smaller  olive  will  just  go 
through  the  tumor  and  will  not  be  regurgitated; 
the  large  olive  is  fitted  witli  a  whalebone 
bougie.  The  latter  has  previously  been  marked 
in  order  that  the  depth  of  the  lesion  from  the 
incisor  teeth  is  known.  When  the  applicator  is 
in  position  we  can  withdraw  the  whalebone 
bougie  and  to  this  we  have  attached  several 
strands  of  strong  fish  line.  We  are  absolutely 
sure  the  patient  will  not  swallow  the  applica- 
tor and  that  it  can  be  withdrawn.  The  patient 
can  tolerate  the  applicator  without  any  signs 
of  difficulty,  but  I  have  found  that  there  is  a 
great  amount  of  trouble  with  excessive  salivary 
secretion;  this  is  distressing  and  can  be  con- 
trolled with  morphin  and  atropin. 

We  are  not  satisfied  with  our  results,  but  I 
know  we  can  apply  the  radium  in  the  esophagus 
with  some  assurance  that  it  will  stay  put,  and 
the  patient  can  wear  the  applicator  for  twelve 
hours  or  longer  without  much  discomfort. 

Dr.  W.  H.  B.  Aikins,  Toronto,  Ont.  The 
appliance  described  in  detail  by  Dr.  Case  may, 
I  trust,  result  in  greatly  modifying  the  hitherto 
unfavorable  results  so  far  obtained  in  the  treat- 
ment of  carcinoma  of  the  esophagus;  and  we 


look  forward  to  hearing  from  him  to  that 
effect. 

Prof.  Lars  Edling,  Lund,  Sweden.  I 
have  treated  a  small  number  of  cases  of  carci- 
noma of  the  esophagus,  I  think  not  more  than 
10.  In  those  I  had  a  good  result  in  3  cases;  in 
2  I  have  observed  a  very  good  result;  2  cases 
I  have  observed  after  about  two  years  in 
each  case.  One  case  was  treated  four  years 
ago  and  that  patient  lived  for  at  least  two 
years  afterward.  I  have  heard  that  she  has 
since  died,  but  I  do  not  know  just  how.  The 
other  case  was  treated  three  years  ago  and  I 
sa\\-  that  patient  last  March,  when  she  was 
quite  well.  The  third  patient  was  treated 
early  this  year  and  is  still  alive,  feeling  well 
and  can  eat.  The  tumor  was  in  the  upper 
third  of  the  esophagus  and  that,  of  course, 
makes  the  treatment  very  much  easier, 
especially  in  regard  to  combining  the  .v-ray 
treatment  which  has  been  used  in  all  cases. 

I  have  used  for  the  purpose  of  applying  the 
radium  a  common  sound  made  of  two  catheters 
placed  together  so  as  to  have  the  length 
required.  I  have  a  joint  in  the  upper  end  so 
that  the  radium  tube  may  be  placed  within 
the  capsule.  The  radium  tube  is  of  lead  with 
I  mm.  of  gold.  The  capsule  is  placed  under 
control  of  the  .v-ray  and  attached  to  the  side 
of  the  face  by  a  stitch  and  at  the  border  of  the 
teeth  also  by  a  stitch.  There  has  been  no 
special  difficulty  in  holding  the  radium  in 
place  in  these  cases,  but  of  course  the  patient 
is  much  distressed  by  the  saliva.  Because  of 
that  I  have  always  used  atropin,  with  very 
good  results.  The  dosage  used  has  been  45 
mgm.  and  the  time  of  treatment  over  twenty 
hours.  In  one  or  two  instances  the  patient 
could  not  hold  it,  and  then  I  repeated  the 
dosage. 

Dr.  Henry  J.  Ullmann,  Santa  Barbara, 
Calif.  I  would  like  to  take  advantage  of  this 
opportunity  to  show  a  way  of  improvising 
when  one  has  not  the  apparatus  Dr.  Bowing 
spoke  of.  A  patient  was  presented  who  had 
refused  gastrostomy.  The  size  of  the  olive  tip 
that  would  go  the  length  of  the  stricture  had 
been  determined  by  means  of  the  .v-ray.  The 
next  larger  olive  was  put  on  the  rod  and  the 
lower  end  of  a  catheter  containing  the  radium 
capsule  was  slipped  over  it.  The  thread  was  run 
through  the  tip  of  the  catheter  and  the  outfit 
inserted  as  far  as  it  would  go.  The  olive  stopped 
at  the  stricture  and  the  catheter  end  with  the 
radium  then  lay  within  the  stricture,  held  by  the 
olive  above.  This  might  be  found  useful  if  a  more 
efficient  type  of  apparatus  was  not  available. 

Dr.  Henry  P.  Beirne,  Quincy,  111.  If 
you  get  the  linen  thread  the  harness  makers 
use  you  can  hold  a  mule  with  it.  \'ou  can  wax 
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it  down  to  any  size  yon  wish  and  never  lose 
your  radium. 

As  a  temporary  dilator  I  have  had  patients 
swallow  an  ordinary  shoe  button,  taking  it 
with  the  food  and  letting  it  make  its  own 
dilation.  Two  or  three  days  later  it  can  be 
pulled  out  and  no  harm  done.  This  is  a  home- 
made affair,  of  course,  but  in  one  case  the 
patient  was  able  to  eat  more  food  and  the 
clinical  results  were  better. 

Dr.  Case  (closing  discussion).  The  gastros- 
tomy, I  realize,  is  obiectionable;  but  under  local 
anesthesia  there  should  be  no  fear  as  regards 
life,  and  I  think  it  is  a  valuable  procedure. 
The  patient's  nourishment  is  then  assured. 
We  have  a  means  of  feeding  him  that  is  avail- 
able in  spite  of  anything  which  may  happen 
to  the  esophagus.  The  point  one  speaker 
brought  out  about  diverting  the  food  from 
the  traumatized  area  is  \ery  important. 

In  employing  radium,  it  is  highly  necessary 
to  take  account  ol  the  amount  of  rubber  tissue 
filtration  placed  outside  the  brass  capsule.  We 
know  that  the  intensity  of  radiation  diminishes 
inversely  as  the  square  of  the  distance  of  the 
radium  from  the  tissue,  and  therefore  it  is 
necessary  to  use  as  much  rubber  as  possible 
outside  the  metal  applicator.  Every  additional 
millimeter  of  rubber  means  additional  distance 
and  adds  that  much  more  chance  of  not  trau- 
matizing the  other  parts  and  of  getting  more 
uniformly  distributed  homogeneous  dose  of 
the  radium  itself. 


I  should  have  added  that  the  gastrostomy 
tube  should  be  left  in  place  while  traction  is 
being  made  on  the  lower  end  of  the  thread  to 
pull  the  radium  down  the  esophagus  to  the 
proper  site  above  and  in  the  stricture;  and 
with  a  forceps  clamped  upon  it,  the  thread 
may  be  held  in  place.  When  we  cannot  use 
additional  rubber  on  account  of  the  small  size 
of  the  lumen  of  the  stricture,  we  use  the 
smallest  applicator  and  leave  it  in  only  a 
couple  of  hours.  In  a  few  days  we  can  put  in  a 
larger  applicator.  We  should  not  assume  the 
full  dose  given  until  we  can  put  in  an  applicator 
with  at  least  a  half  centimeter  of  rubber 
around  it. 

If  the  patient  refuses  a  gastrostomy,  I  then 
prefer  the  method  brought  out  by  Dr.  Mills 
last  year.  In  that  way  I  have  been  able  to 
canalize  strictures  which  would  not  permit 
the  passage  of  even  the  smallest  olive.  I 
hesitate  very  much  to  attempt  to  pass  an  olive 
in  these  cases,  for  the  reason  that  we  sometimes, 
under  the  fluorescent  screen,  see  the  wall  of 
the  esophagus  above  the  stricture  balloon  out 
in  a  dangerous  manner.  The  slightest  addi- 
tional pressure  would  surely  make  a  perfora- 
tion. Under  the  screen  guidance,  however,  we 
are  able  to  avoid  this  danger. 

In  most  cases  an  adequate  dosage  will  not  be 
administered  with  the  use  of  a  single  applicator. 
I  have  been  using  three,  with  a  loo  mgm. 
applicator  in  the  middle  and  one  of  50  mgm. 
above  and  a  similar  one  below. 
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NE  of  the  most  striking  actions  of 
radium  on  living  tissue  is  that  of 
producing  an  obstructive  endarteritis  in 
the  smaller  blood-\'essels.  This  is  one 
of  the  most  useful  properties  of  the  rays  in 
the  treatment  of  neoplasms,  probably 
extending  the  effectual  zone  considerably 
beyond  the  actual  destructive  zone  by 
cutting  off  at  least  part  of  the  nutrition 
of  the  growth.  This  more  or  less  selectne 
action  on  the  blood-vessels  was  early 
recognized,  and  \ascular  nevi  were  among 
the  earliest  benign  lesions  treated  with 
radium.  Se\eral  investigators  treated  occa- 
sional vascular  nevi  with  radium,  but 
Wickham  and  Degrais  were  the  first  to 
svstematize  work  along  this  line  and  to 
publish  the  results  of  a  considerable 
number  of  cases.  Some  of  the  illustrations 
in  their  "Radium  Therapy"  show  end- 
results  which  their  successors  may  well 
envy.  This  was  in  spite  of  the  somewhat 
hazy  notions  then  held  of  the  physics  of 
radium.  We  are  able  to  procure  applicators 
containing  a  definite  amount  of  radium 
element  per  unit  of  surlace.  Accurate 
investigations  ha\e  been  made  on  the 
effect  of  \arious  screens,  on  the  influence 
on  the  dosage  of  variations  in  the  size  of 
the  applicator  and  its  distance  from  the 
lesion  to  be  radiated.  This  type  of  research 
is  of  great  importance  in  taking  radium 
therapy  out  of  the  field  of  empiricism 
and  placing  it  on  a  sound  scientific  founda- 
tion which  is  essential  to  progress. 

In  the  treatment  of  birthmarks,  certain 
general  considerations  must  be  borne  in 
mind.  The  work  is  done,  as  a  rule,  solely 
for  the  cosmetic  result.  Therefore  it  is 
preferable  to  remove  a  mark  incompletely 
or  not  at  all  rather  than  to  substitute  ior 
it  a  prominent,  ugly  scar. 

Parents  and  relatives  ha\e  frequently 
been  led  to  expect  that  the  nevus  will  be 
removed  completely,  leaving  normal  skin. 
It  is  true  that  in  some  of  the  best  results 
the  scar  is  scarcely  noticeable,  but  there 
is  always  some  atrophy,  and  even  though 
the  utmost  care  and  skill  has  been  used, 
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telangiectases  may  occur.  It  seems  that 
the  skin  over  a  vascular  nevus  de\elops 
telangiectasia  more  readily  than  other 
skin.  These  telangiectases  can  usually  be 
removed  satisfactorily  by  the  water-cooled 
mercury  lamp  (Kromayer  type)  or  by 
electrolysis  or  by  the  application  of  an 
acid.  Experience  has  shown  that  the  beta 
rays  are  more  elTicient  in  the  treatment  of 
\  ascular  birthmarks  than  the  gamma  rays. 
They  should  be  used  whenever  it  is 
possible,  but  their  usefulness  is  limited  by 
their  relative  lack  of  penetration;  and 
therefore,  when  the  in\'ol\ement  is  quite 
deep  we  must  often  use  only  the  harder 
beta  rays,  and  even  exclusively  gamma- 
ray  radiation.  In  general  it  will  be  found 
that  birthmarks  of  the  vascular  type  are 
more  amenable  to  radium  therapy  in 
young  children  than  in  adults,  when  bright 
red  rather  than  when  blue  red,  when 
smooth  rather  than  when  verrucous,  and 
when  the  color  can  be  readily  and  evenly 
obliterated  by  pressure. 

There  are  numerous  classifications  of 
\ascular  nevi,  none  of  which  is  entirely 
satisfactory.  That  which  McKee  adopted 
in  "X-rays  and  Radium  in  the  Treatment 
of  the  Skin"  is  a  satisfactory  working 
terminology.  The  true  vascular  ne\i  are 
divided  into:  nevus  flammeus  or  port- 
wine  mark,  ne\  us  xasculosus  or  strawberry 
mark  and  angioma  ca\ernosum.  These 
will  be  taken  up  separately  as  each  requires 
a  different  technique  and  yields  different 
results,  though  the  essential  pathology  is 
similar.  Spider  ne\i  are  not  true  ne\i  and 
should  not  be  treated  with  radium. 

Nevus  flammeus  is  flat  and  varies  in 
color  from  an  almost  indistinguishable 
pink  to  a  deep  purple  red.  It  varies  in  size 
from  that  of  a  pinhead  to  that  of  a  lesion 
which  co\ers  half  of  the  head  or  more. 
The  distinguishing  feature  is  that  it  is 
not  raised  above  the  level  of  the  surround- 
ing skin.  The  color  is  usually  homogeneous 
but  it  may  be  blotchy  or  there  may  be 
more  or  less  numerous  telangiectases. 
Occasionally  angiomatous  nodules  are  pres- 
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ent  or  may  develop  in  a  port-wine  mark. 
A  few  capable  radium  therapists,  notably 
Simpson  in  this  country,  report  splendid 
success  in  treating  this  type  of  lesion,  while 
most  of  the  others  advise  against  attempt- 
ing to  treat  them  with  radium.  All  agree 
that  a  good  result  can  be  obtained  in  only  a 
limitecl  number  of  them,  by  the  combina- 
tion of  considerable  care  and  experience. 
We  have  never  attempted  to  eradicate 
entirely  one  of  these  nevi,  but  we  have  in  a 
very  few  instances  attempted  to  pale  out 
the  lesion  somewhat.  The  result  has  ne\er 
been  entirely  satisfactory.  Radium  plaques 
or  toiles  are  the  only  applicators  suitable 
for  this  work.  The  weaker  plaques,  one- 
half  or  one-quarter  strength,  are  prefer- 
able to  the  stronger  ones.  Toiles  of  about 
one-twentieth  strength  are  useful  but  do 
not  stand  ordinary  wear  very  well.  Tubular 
applicators  are  not  advisable.  A  ^'ery  thin 
screen  or  no  screen  at  all  should  be  used. 
A  quarter-strength,  glaza  plaque,  screened 
with  O.I  mm.  of  aluminum  or  Just  covered 
with  a  layer  of  rubber  dam,  may  be  used 
for  five  to  fifteen  minutes  on  each 
area  every  three  or  four  weeks.  If  a  slight 
erythema  is  produced  the  dose  should  be 
cut  materially  the  next  time  and  the 
interval  between  treatments  increased. 
The  ideal  dose  is  that  which  is  just  short  of 
erythema.  With  this  type  of  radiation, 
a  moderately  severe  reaction  will  heal 
promptly  without  serious  scar,  but  the 
probability  of  telangiectases  and  atrophy 
make  it  unsafe  to  cause  more  than  the 
slightest  erythema.  Gamma  and  roentgen 
rays  have  practically  no  effect  on  these 
nevi.  In  most  instances  ultraviolet  light 
treatment  with  the  water-cooled  mercury 
lamp  is  better,  and  radium  therapy  should 
be  attempted  only  in  small  lesions  in  which 
the  color  is  quite  dark  and  evenly 
distributed. 

Ne\us  ^'asculosus  is  raised  above  the 
nivus  of  the  skin.  This  elevation  varies 
from  a  scarcely  perceptible  swelling  to  two 
or  three  millimeters  or  more.  The  surface 
may  be  smooth  or  quite  Acrrucous.  The 
color  varies  from  a  pink  red  to  a  deep 
violet  or  bluish  red.  These  appear  most 
frequcntl\'  on  the  face  but  may  appear 
on  any  portion  of  the  bod\-,  and  they  vary 
in  size  from  that  o(  a  pinhcacl  tn  thai  of  a 


palm  or  larger.  They  are  frequently  about 
the  size  of  a  dime.  Strawberry  marks 
are  present  or  appear  shortly  after  birth 
and  may  grow  for  a  time,  but  usually 
reach  their  maximum  size  early.  Very 
rarely  one  of  these  marks  undergoes  spon- 
taneous in\'olution.  \\  hen  they  are  not 
complicated  by  a  cavernous  element, 
they  are  ideal  subjects  for  radium  therapy. 
A  small  superficial  smooth  lesion  can 
frequently  be  cured  by  a  single  application. 
The  dose  used  will  depend  \ery  much  on 
the  type  of  lesion.  One  that  is  slightly 
raised,  evenly  colored  and  smooth  should 
be  given  from  twenty  to  forty  minutes' 
exposure  with  a  half-  to  quarter-strength 
plaque  screened  with  o.i  mm.  of  aluminum; 
while  thicker  lesions  should  receive  from 
one  to  one  and  a  half  hours  with  a  similar 
plaque  screened  with  0.3  mm.  of  brass  or 
the  equivalent.  If  there  is  any  reaction 
from  the  first  treatment,  a  second  should 
not  be  given  until  it  has  faded  entirely. 
If  there  is  no  reaction,  practically  the 
same  exposure  should  be  gi\en  in  about 
three  or  four  weeks.  A  lead-foil  diaphragm 
must  be  used  to  protect  the  contigu- 
ous normal  skin  unless  the  applica- 
tor fits  the  lesion  closely.  Following  an 
erythema  there  is  usually  an  increase  in 
the  pigment  around  the  area  treated.  This 
often  persists  for  several  months,  but 
eventually  fades  entirely.  If  the  first  two 
or  three  treatments  do  not  effect  a  satis- 
factory result,  subsequent  treatments 
should  be  spread  o\er  a  considerable 
period  of  time.  Should  telangiectases  occur, 
they  are  treated  with  ultraviolet  fight, 
the  electric  needle,  or  acid. 

Cavernous  angiomata  may  occur  on 
any  portion  of  the  body.  Their  size  varies 
from  less  than  that  of  a  finger-tip  to  that  of 
a  baseball.  They  are  usually  circumscribed, 
more  or  less  spherical  tumors,  but  they  are 
occasionally  quite  diffuse.  They  are  fre- 
quently entirely  subcutaneous,  without 
involvement  of  the  epidermis,  in  which 
case  they  may  be  entirely  colorless,  though 
they  usually  present  a  faint  blue  or  violet 
color.  Angioma  cavernosum  is  very  often 
surmounted  by  a  strawberry  mark  which 
may  only  partly  cover  the  ca\ernous  lesion 
or  may  be  coextensive  with  it.  These  are 
more    or    less    compressible,    though    they 
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may  seem  to  be  fluctuant.  Occasionally 
one  is  seen  with  a  pedicle,  in  which  case  it 
may  be  readily  excised;  but  usually  they 
present  considerable  resistance  to  surgical 
treatment.  The  technique  of  the  radium 
treatment  of  these  lesions  is  snnple. 
Usually  plaques  of  half  or  quarter  strength 
are  used  and  may  be  screened  with  0.3 
mm.  of  brass  and  an  exposure  of  one  to  two 
hours  given  every  four  to  six  weeks  over 
each  area.  If  the  lesion  is  large  the  principle 
of  cross-fire  can  often  be  used  to  advantage. 
Most  of  these  will  require  from  nine  months 
to  two  years  for  a  satisfactory  result. 
Tubular  applicators  may  be  used  satis- 
factorily with  a  little  care.  A  tube  screened 
with  0.5  mm.  of  silver,  held  Yi  cm.  from 
the  surface  may  be  left  in  position  to  give 
25  mgm  hrs.  to  each  sq.  cm.  of  surface, 
using  balsa  wood,  gauze,  or  some  other 
light  material  to  obtain  the  distance. 
Another  form  of  therapy  that  has  been 
used  is  intratumoral  radiation,  either 
from  steel  needles  containing  radium  ele- 
ment, or  from  unscreened  tubes  of  emana- 
tion. The  steel  needles,  of  10  or  12  mgm., 
should  be  inserted  2  or  3  cm.  apart  and 
allowed  to  remain  in  place  for  not  more 
than  six  hours.  If  bare  tubes  are  available, 
they  should  be  inserted  into  the  base  of 
the  lesion  and  should  contain  o.i  to  0.2 
mc.  of  emanation  each.  The  intratumoral 
radiation  of  cavernous  angiomas  has  seemed 
rather  radical  to  us  and  we  have  been 
loath  to  try  it,  although  those  who  are 
using  it  are  enthusiastic.  This  form  of 
radiation  may  be  combined  with  the 
ordinary  surface  radiation. 

CONCLUSIONS 

1.  Our  experience  in  treating  vascular 
ne\i  with  radium  has  shown  that  the 
results  are  better  than  with  carbon  dioxide 
snow  or  any  other  therapeutic  agent. 

2.  Radium  therapy  is  most  satisfactory 
in  treating  nevus  vasculosus,  next  in 
treating  cavernous  angioma  and  least 
satisfactory  for  ne\us  flammeus. 

3.  Beta  rays  should  be  utilized  as  much 
as  possible. 

4.  Severe  reactions  are  not   justifiable. 

DISCUSSION 

Dr.  Sanford  Withers,  Denver,  Colo. 
I    think    the    paper    very    well    sums    up    the 


consensus  of  opinion  regarding  the  treatment 
of  this  type  of  angioma.  We  quite  agree  with 
Dr.  Taussig  that  the  port-wine  marks  are  the 
hardest  to  treat,  but  it  is  almost  impossible 
not  to  get  good  results  in  treating  the  strawberry 
marks  with  infrequent,  short  exposures  to 
radium  plaques. 

We  have  been  getting  away  from  radium  in 
the  treatment  of  port-wine  stains.  It  may  be 
of  interest  to  describe  what  we  are  using.  It  is 
the  mercury  vapor  arc  lamp  of  the  water- 
cooled  variety;  and,  not  content  with  one 
blister,  as  soon  as  the  first  one  can  be  peeled  off 
we  blister  again  in  a  period  of  from  one  to  two 
weeks  and  then  wait  a  month  to  note  the 
effect.  It  is  remarkable  to  see  how  quickly 
these  port-wine  stains  that  are  irregularly 
distributed  will  disappear.  We  have  occasion- 
ally given  five  or  six  blisters  in  a  period  of  six 
weeks,  Ijut  that  is  unusual.  This  treatment 
produces  a  pigmented  zone  that  exists  around 
the  area  for  months  but  gradually  fades  away; 
and  the  appearance  of  the  treated  area  blends 
into  the  normal  skin  and  leaves  an  area  not 
nearly  as  marked  as  the  postage-stamp 
reaction  from  a  radium  plaque. 

I  wish  to  lend  my  emphasis  to  the  fact  that 
beta  radiation  is  the  thing  to  use  in  these  cases. 
It  has  been  used  ever  since  Wickham  and 
Degrais  brought  out  the  toile  of  low  activity. 
This  has  tempted  me  into  the  use  of  beta 
radiation  for  the  large  cavernous  angiomata. 
In  order  to  eliminate  skin  reactions  as  much  as 
possible,  I  have  been  using  imbedded  tubes  of 
low  activity,  from  0.2  to  0.3  mc.  each.  An 
attempt  is  made  to  produce  a  cornplete  retro- 
gression of  the  lesion  at  one  sitting.  This 
method  gets  the  crying  youngster  out  of  the 
office  quickly  and  eliminates  tiie  possibility 
of  the  applicator  becoming  displaced  during 
treatment. 

I  think  there  is  a  definite  place  for  the  com- 
pression bandage  during  the  radium  applica- 
tion and  particularly  with  the  use  of  the  bare 
tubes  or  needles.  I  believe  we  increase  the  action. 
I  like  to  make  the  compression  firm,  and  press 
out  as  much  of  tlie  blood  of  the  cavernous 
nevus  as  possible. 

I  heartily  agree  that  we  are  never  justified  in 
producing  more  than  an  erytliema  for  the  ordin- 
ary superficial  variety  of  nevus.  I  think  most 
men  are  likely  to  push  their  treatment  too  far. 

I  would  like  to  know  what  experience  these 
gentlemen  have  had  in  the  treatment  of  lymph- 
angiomas and  whether  there  should  be  any 
difference  in  the  method  used. 

Dr.  H.  N.  Cole,  Cleveland,  Ohio.  I  like 
this  paper  very  much,  and  the  thing  I  liked 
particularly  was  the  conservatism.  If  anj^hing, 
I  want  to  go  even  further  in  my  conser^'atism 
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than  tlie  authors  liave.  1  think  a  reaction  to 
radium  in  angiomata  is  never  justifiable.  In 
an  angioma  we  have  something  that  the  puijlic 
will  look  upon  for  the  rest  of  the  patient's  life, 
and  it  is  not  necessary  for  it  to  clear  up  in  a 
few  weeks.  It  is  better  to  take  several  years  if 
necessary  to  get  a  better  result.  Two  things  are 
necessary  in  the  treatment  of  these  cases,  one 
radium  and  the  other  time,  and  I  lay  more 
emphasis  on  time  than  on  radium.  We  use 
radium  too  often  in  angiomas  and  I  have 
learned  by  bitter  experience  in  some  of  my 
first  cases  that  it  is  much  better  to  go  slowly 
and  to  put  lots  of  accent  on  the  "slowly." 
Treat  them  once  in  two  or  three  months, 
as  Dr.  Withers  said,  and  use  light  doses.  The 
results  are  better  than  even  if  you  use  a  light 
exposure  and  use  it  frequently.  In  one  type,  the 
port-wine  stain,  we  can  get  better  results  with 
the  quartz  lamp.  We  give  an  exposure  of  not 
more  than  five  or  ten  minutes  using  a  half- 
strength  plaque  and  screen  of  0.2  mm.  aluminum 
and  tell  the  patient  to  come  back  in  two  or 
three  months.  Do  not  be  in  any  hurry  to  use 
another  application.  This  holds  true  in  the 
strawberry  nevus  as  well.  It  is  not  necessary 
to  cure  them  in  six  months,  and  it  is  much 
better  to  wait  for  a  year.  I  have  had  too  man\ 
cases  come  in  a  year  or  two  after  treatment  with 
telangiectasia  and  tell-tale  postage-stamp  mark 
that  will  be  carried  all  through  life;  and  I  am 
convinced  that  it  is  far  better  to  go  slowly 
and  avoid  the  danger  of  these  results. 

In  the  treatment  of  cavernous  angiomata  I 
think  again  we  should  go  slowly.  Allow  plenty 
of  time  between  the  exposures.  I  think  the 
compression  bandage  is  a  good  thing.  By  the 
compression  you  will  expose  the  cells  to  more 
radium  than  you  could  otherwise  and  get  a 
much  better  result.  Do  not  give  enough  radium 
therapy  to  cause  any  effect  on  the  skin. 

I  do  not  think  there  is  much  difference 
between  the  treatment  for  lymphangiomata 
and  for  angiomata.  ^  ou  get  \ery  good  results 
on  either  the  skin  or  the  mucous  membrane. 
1  have  had  several  cases  of  lymphangioma 
of  the  tongue  and  have  had  satisfactory 
results  with  surface  applications  and  cross-fire. 

Dr.  R.  H.  Stevens,  Detroit,  Mich.  I 
am  heartily  in  accord  with  most  of  what  has 
been  said  regarding  the  treatment  of  nevi  with 
radium.  I  began  treating  with  the  Finsen  light 
some  twenty  years  ago  and  we  got  some  ver\- 
good  results.  Since  then  I  have  used  the  quartz 
light  with  satisfactory  results  and  have  also 
had  good  results  with  radium  therap\',  particu- 
larly in  the  small  lesions,  when  it  is  used  in 
c(uite  young  children. 

I  wish  to  emphasize  Dr.  Cole's  remarks  about 
time.      I)(l.i\      the     t  ri'.it  itients,     gi\  ing      long 


periods  between  them.  I  have  treated  nevi 
and  have  not  repeated  the  treatment  for  six 
months  or  a  year.  If  you  watch  carefully  you 
will  see  the  nevus  disappear  gradually  over  a 
period  of  a  year  or  eighteen  months.  In  the  case 
of  a  little  girl  who  was  treated  with  a  small 
amount  of  radium  for  a  cavernous  nevus'  on 
the  end  of  her  nose,  I  treated  it  when  she  was 
two  or  three  months  old,  and  when  I  saw  her 
recently  there  was  no  atrophy  of  the  skin,  and 
one  could  not  tell  that  there  had  been  anything 
wrong  with  it.  The  result  was  perfect.  I  agree 
that  most  of  these  cases  are  treated  too  fre- 
quently and  I  advise  not  repeating  the  treat- 
ment within  three,  four  or  six  months,  or 
possibly  a  year. 

I  recently  had  some  experience  with  an 
aneurxsm  around  the  mouth,  with  large  vessels 
through  the  skin  and  mucous  membrane  of 
the  cheek.  We  used  heavv  doses  of  radium, 
well  filtered,  and  got  rid  of  most  of  the  vessels 
so  that  I  could  turn  the  patient  over  to  the 
surgeon  for  the  eradication  of  the  large  vessel. 
Before  treatment  it  was  really  a  serious  condi- 
tion with  the  mucous  membrane  pressed  in 
against  the  teeth.  The  improvement  was 
marked. 

Dr.  R.  E.  Loucks,  Detroit,  Mich.  I 
am  very  glad  to  hear  of  the  conservatism  that  is 
shown  in  the  treatment  of  these  lesions.  I 
described  a  method  of  treatment  with  a  flat 
applicator  several  years  ago.  The  child  is 
brought  to  the  office  and  given  a  feeding  so  as 
to  produce  sleep.  The  skin  over  the  lesion  and 
the  rubber  dam  covering  the  applicator  are 
sprinkled  with  talcum  powder  to  prevent 
adhesion,  and  the  applicator  is  ironed  over  the 
area  with  sulTicient  pressure  to  flatten  out  the 
superficial  blood-vessels.  In  this  way  you  avoid 
the  outline  of  the  applicator,  and  are  not  so 
likely  to  have  telangiectasia.  The  reaction 
from  each  treatment  should  be  noted,  for  no 
two  treatments  in  different  individuals  arc 
alike.  The  blond  child  may  have  an  erythema 
in  ten  or  twelve  minutes,  while  the  brunette 
may  require  fifteen  or  eighteen  minutes. 

In  the  treatment  of  lymphangiomata,  wc 
had  one  case  of  the  tongue  where  the  condition 
was  classified  as  macroglossia.  The  child's 
tongue  protruded  through  the  lips,  and  it  could 
only  eat  by  sucking.  It  could  not  close  its 
teeth,  as  the  development  of  the  jaw  was  so 
interfered  with  by  the  tongue  that  there  was 
an  opening  of  an  inch  between  the  anterior 
teeth.  The  child  could  not  go  to  school  Ix'c.iuse 
of  this  delormits.  We  obtained  excellent 
results,  and  within  eight  or  ten  months  the 
tongue  was  reduced  in  size,  so  that  it  could  be 
kept  inside  of  the  teeth,  and  by  means  of  a 
dental  splint   the  \:\\\   was  changed  so  that  the 
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teeth  articulated.  1  am  convinced  that  slow  treat- 
ment in  all  these  conditions  is  the  better  plan. 

Dr.  Morkow.  We  have  had  no  experience 
with  lymphangiomata,  all  our  work  ha\'inti; 
been  done  with  the  angiomata. 

Dr.  Taussig  (closing  discussion).  I  think  the 
ground  has  been  very  well  covered  and  am  glad 
that  everybody  agrees  on  conservatism,  and  that 
some  go  even  further  than  we  do  in  this  regard. 


One  thing  that  we  have  found  useful,  is  the 
application  of  a  few  drops  of  flexible  collodion 
on  the  surface  of  the  plaque,  attaching  it  to 
the  angioma  or  strawberry  mark.  Of  course, 
that  is  just  the  opposite  of  the  plan  spoken  of 
by  Dr.  Loucks,  but  I  think  if  the  surrounding 
tissue  is  screened  with  lead  foil  one  is  sure  to 
get  the  action  in  exactly  the  place  desired 
instead  of  half  an  inch  below  . 


AN  INSTRUMENT  FOR  THE  LMPLANTATION  OF  BARE 
RADIUM  EMANATION  TUBES  INTO  THE  TISSUES 

BY    WILLIAM    NEILL,    JR.,    M.D. 
Associate  Surgeon,  Howard  A.  Kelly  Hospital 

BALTIMORE,     MARYLAND 


NUMEROUS  instruments  have  been 
devised  for  permanent  implantation  of 
bare  glass  radium  emanation  tubes  into 
the  tissues.  In  1920  Dr.  Robert  M.  Lewis 
(at  that  time  an  associate  at  this  hospital) 
had  made  an  instrument  for  implanting 
these  tubes  into  the  female  bladder  through 
the  Kelly  aero-cystoscope.  This  instrument 
was  similar  in  principle  to  the  ones  shown 


The  first  type  is  applicable  for  all  oral, 
intravesical,  v'aginal  and  rectal  cases. 
The  second  is  so  curved  that  all  intralaryn- 
geal  growths  can  be  accurately  im- 
planted. The  third  is  curved  at  the  end 
and  can  be  used  with  accuracy  in  a  num- 
ber of  cases  for  implanting  tumors  of  the 
nasopharynx. 

At  the  time  of  treatment  it  is  preferable 


here,  but  owing  to  mechanical  difficulties, 
it  did  not  prove  practical.  A  short  time 
afterwards,  I  had  three  types  of  instru- 
ments made  for  this  purpose  by  the 
George  P.  Pilling  and  Son  Company  of 
Philadelphia,  Pa.,  which  have  been  entirely 
satisfactory. 

A  steel  cannula  with  a  needle  point  2 
cm.  long  and  2  mm.  in  diameter  is  attached 
to  a  large  handle  placed  at  an  angle  which 
affords  a  good  grip  and  a  finger  catch  for 
counter  pressure  against  the  thumb  push. 
The  radium  tubes  are  ejected  from  the 
needle  into  the  tissues  by  means  of  a  stylet 
running  the  entire  length  ol  the  instrument. 


to  ha\e  the  desired  number  of  instruments 
previously  prepared  to  facilitate  the  im- 
plantation in  order  that  it  will  not  be  nec- 
essary to  rethread  the  same  instrument  a 
number  ot  times. 

It  is  important  that  the  point  of  each 
instrument  be  dipped  into  sterile  boric 
ointment  or  vaseline  immediately  after 
the  emanation  tube  has  been  threaded 
into  it.  This  acts  as  a  good  adhesive  plug 
and  prevents  the  dislodgment  of  the  tube 
prior  to  its  implantation.  While  not  in 
use,  the  instruments  are  kept  immersed 
in  kerosene,  which  not  only  lubricates, 
but  prevents  rusting  of  the  stylet. 


THE  TREATMENT  OF  BENIGN  HExVIORRHAGE  OF  THE 
FEMALE  GENITOURINARY  TRACT  BY  RADIATION* 

BY    HENRY    SCHMITZ,    M.D.,    AND    HARRY    E.    BUNDY,    M.D. 


I^HE  value  of  radium  and  the  x-ray  in 
-  the  treatment  of  benign  hemorrhage 
of  the  female  genitourinary  tract  has  led 
to  the  universal  employment  of  these 
agents  by  radiologists  and  many  surgeons. 
While  this  method  of  treatment  has  given 
negative  results  in  the  hands  of  those 
unfamiliar  with  its  limitations,  statistics 
are  gi\ing  us  more  confidence  that  the 
results  obtained  are  valuable. 

Benign  hemorrhages  of  the  uterus  ame- 
nable to  radiation  treatment  fall  into  the 
following  groups:  (i)  Essential  menor- 
rhagia  or  hemorrhagic  metropathies;  (2) 
myomata  uteri;  (3)  inflammatory  adnexal 
disease;  (4)  pernicious  bleeding  during 
gestation. 

In  the  treatment  of  these  conditions 
it  is  imperative  to  rule  out  malignant 
disease.  To  accomplish  this  it  is  necessary 
to  do  a  careful  diagnostic  curettage  ot 
the  endometrium,  and,  if  necessary,  excise 
a  piece  of  the  cervix  if  this  shows  evidence 
of  abnormal  change.  It  is  important  also 
to  exclude  disturbances  due  to  the  endo- 
crine system,  as  menorrhagia  is  frequently 
found  in  thyroid  and  pituitary  disorders. 
All  tissues  removed  should  be  given  -sery 
careful  microscopical  examination. 

In  treating  the  hemorrhagic  metropa- 
thies we  use  a  50-mgm.  capsule  of 
radium  element.  The  dosage  varies  with 
the  age  of  the  patient.  In  adolescent  women 
and  in  those  desiring  offspring  we  give 
small  doses,  300  mg.  el.  hrs.  being  sufficient. 
Should  this  dose  be  insufficient  to  bring 
about  a  normal  menstrual  flow  we  repeat 
the  application  after  an  interval  of  six 
months.  This  dose  corresponds  to  an  inflam- 
matory ovarian  dose,  with  the  .v-ray  cor- 
responding to  a  25  per  cent  E.  S.  D. 
applied  to  the  ovaries.  The  ovaries  are 
6  to  7  cm.  beneath  a  plane  drawn  through 
the  anterior  superior  s])inous  process  of  the 
innominate  bones.  Hence,  using  a  140  kw 
maximum  current,  a  filter  of  0.5  mm. 
copper  and  a  focal  skin  distance  of  50  cm. 
and  5  ma.,  the  time  duration  would  be  one 
hour  through  the  anterior  field. 

•  Read 
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In  older  women  from  thirty-five  years  on, 
the  gamma-ray  dosage  must  be  600  to  1,200 
mg.  el.  hrs.  to  cause  a  destruction  of  the 
endometrium.  The  dosage  of  .x-ray  to 
cause  cessation  of  ovulation  and  destruc- 
tion of  the  primordial  follicles  is  50  per 
cent  E.  S.  D. 

Women  who  have  passed  the  menopause 
we  treat  as  though  carcinoma  were  present, 
even  though  there  is  no  microscopic 
e\idence  of  malignancy.  Both  radium  and 
.v-ravs  are  used.  We  have  had  two  such 
patients  return  with  a  recurrence  of  the 
uterine  hemorrhage  and  positive  evidence  of 
malignancy;  and  therefore  we  insist  thatthe 
combined  treatment  be  given  in  each  case. 

In  our  series  of  116  hemorrhagic  me- 
tropathies there  have  been  9  cases  treated 
twice  and  4  cases  treated  three  times. 
There  has  laeen  one  fatality,  occurring 
three  days  after  treatment  from  septic 
peritonitis. 

As  regards  the  myomata  the  only  symp- 
tom requiring  radiation  treatment  is  hemor- 
rhage— usually  menorrhagia.  Myomata 
causing  pressure  symptoms,  undergoing 
degeneration,  complicated  by  adnexal 
disease  or  submucous  fibroids,  or  those 
located  in  the  cervix  should  not  be  treated. 
Myomata  larger  than  a  four  month's 
preunancy  should  not  be  subjected  to 
radiation  treatment  unless  constitutional 
contraindications  to  hysterectomy  are  pres- 
ent. Women  of  the  child-bearing  age 
should  be  myomectomized. 

In  our  series  of  54  cases  of  myomata  2 
patients  were  found  to  have  sarcomatous 
degeneration  within  six  months  after  treat- 
ment and  a  hysterectomy  was  performed. 
One  patient  was  operated  upon  for  a 
submucous  fibroid.  In  all  the  other  cases 
amenorrhea  or  oligomenorrhea  was  attained. 

The  object  of  ray  treatment  is  arrest  of 
the  menorrhagia.  In  one-third  of  the  cases, 
the  myoma  will  decrease  in  size  or  dis- 
appear entirely  simultaneously  with  the 
process  of  senile  atrophy.  It  is  impossible 
to  bring  about  a  decrease  in  the  size  of 


the  myoma  in  all  cases. 
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Small  fibroids  up  to  tlie  size  of  a  grape- 
fruit may  be  treated  witii  radium  alone; 
those  larger  than  this  should  have  x-rays 
or  a  combination  of  the  two.  Adenomyo- 
mata  should  be  remo\ed  surgically  if 
possible — otherwise  treated  as  though 
malignant. 

In  treating  benign  hemorrhages  of  the 
uterus  the  radium  capsule  must  be  placed 
against  the  fundus.  If  placed  accidentally 
near  the  internal  os,  destruction  of  the 
mucous  membrane  lining  the  internal  os 
may  occur,  the  result  being  atresia  w^ith  a 
subsequent  pyometra,  hydrometraor  hema- 
tometra,  necessitating  a  hysterectomy  for 
relief. 

The  menorrhagias  or  metrorrhagias 
accompanying  adnexal  disease  and  the 
pernicious  bleeding  from  difierent  parts 
of  the  body  during  the  pregnant  state  are 
often  intractable  to  the  usual  forms  of 
treatment.  Though  the  adnexal  disease 
may  be  clinically  or  surgically  healed, 
uterine  hemorrhages  may  persist  even 
after  repeated  curettages. 

These  hemorrhages  respond  almost 
immediately  to  an  exposure  of  the  spleen 
to  a  stimulating  dose  of  rays  of  about  15 
per  cent  E.  S.  D.  We  cannot  explain  the 
mode  of  action,  as  it  contradicts  the  teach- 
ings of  physiology  that  stimulation  of 
the  spleen  reduces  the  coagulability  of  the 
blood.  Should  the  bleeding  persist  after 
twenty-four  hours,  twice  the  dose  is  given. 

We  have  treated  14  cases  of  adnexal 
disease,  4  febrile  abortions,  2  resulting 
from  uterine  myomata  and  2  gestation 
hemorrhages.  In  19  cases  cessation  of  the 
bleeding  took  place  within  twenty-four 
hours  and  in  3  cases  an  additional  % 
E.  S.  D.  was  applied  after  forty-eight  hours 
•with  prompt  cessation  of  the  hemorrhages. 

It  is  stated  that  remo\al  of  the  spleen 
causes  hyperfunction  of  the  ovaries;  there- 
fore increased  activity  of  the  spleen  with 
an  irritating  .v-ray  dose  would  reduce 
ovarian  function. 

In  conclusion,  radium  and  the  x-ray  do 
not  supplant  surgery.  Radiation  therapy 
must  be  accepted  as  one  of  the  best  methods 
for  the  treatment  of  the  hemorrhages  of 
benign  uterine  and  ovarian  diseases.  How- 
ever, its  limitations  ha\e  been  definitely 
recognized  and  should  be  strictly  observed. 


Only  then  can  we  avoid  the  many  pitfalls 
which  the  injudicious  use  of  an  otherwise 
valuable    therapeutic    agent    will    cause. 

DISCUSSION 

Dr.   James  T.  Case,  Battle  Creek,  Mich. 

I  was  very  much  interested  in  the  statistics 
given  by  the  authors,  particularly  in  the  last 
class  of  patients,  and  in  the  results  reported 
from  radiation  of  the  spleen  in  controlling 
hemorrhage.  I  understand  that  the  ordinary 
methods  of  testing  the  coagulation  time  are 
of  questionable  value.  Dr.  Bundy's  report  is 
not  based  upon  any  test  of  coagulation  time, 
but  upon  actual  cessation  of  hemorrhage, 
which  is  a  very  practical  proof.  I  have 
attempted  a  number  of  experiments  for  esti- 
nuiting  any  possible  change  in  the  coagulation 
time  in  connection  with  routine  irradiation  for 
carcinoma  and  fibroids.  I  have  been  unable  to 
find  any  constant  change.  I  am  also  aware 
that  the  literature  is  not  at  all  in  agreement 
regarding  the  experimental  results.  I  would  be 
glad  if  the  authors  would  explain  further  their 
theory  as  to  the  cause  of  cessation  of  hemor- 
rhage through  the  external  application  of  radia- 
tion to  the  spleen. 

Dr.  Henry  J.  Ullmann,  Santa  Barbara, 
Calif.,  I  would  like  to  add  something  in 
the  way  of  experience  with  coagulation  time. 
Last  year,  while  radiating  the  abdomens  of 
rabbits  in  order  to  produce  gastric  ulcer,  we 
were  taking  blood  from  the  ear  veins  to  make 
counts.  We  found  that  there  was  a  steady  drop 
in  the  coagulation  time  following  radiation 
and  within  a  day  or  two  of  their  death,  from 
perforated  gastric  ulcer,  it  was  impossible  to 
get  enough  blood  from  their  ears  to  make  a 
count.  At  that  time  when  exposing  the  rabbits 
I  was  about  twenty  feet  away,  with  no  protec- 
tion except  the  ordinary  glass  bowl  and  two 
plaster  walls  between  myself  and  the  machine. 
A  film  exposed  in  the  same  room  was  fogged. 
My  coagulation  time  fell  from  seven  minutes 
to  around  thirty  seconds.  I  was  not  able  to  get 
it  under  the  microscope  soon  enough  to  get 
the  coagulation  time  and  it  took  nearly  a  week 
to  return  to  normal. 

A  few  weeks  ago  when  giving  heavy  radiation 
for  an  abdominal  tumor  I  found  a  definite 
drop  of  about  50  per  cent  and  it  returned  to 
the  patient's  normal  in  about  twenty  hours. 
The  same  drop  occurred  at  the  second  radia- 
tion. We  are  continuing  the  work  on  animals 
and  may  have  something  definite  in  a  few 
months. 

Dr.  Sanford  Withers,  Denver,  Colo. 
I  do  not  believe  that  Dr.  Schmitz  wishes  to 
leave  the  impression  I  received,  that  the  effect 
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of  the  radiation  causing  a  cessation  ot  menstru- 
ation is  essentially  on  the  ovary.  Personally 
I  have  seen  2  cases  that  had  the  old  classical 
operation  of  castration  done  and  developed  a 
mcnorrhagia  that  was  controlled  by  jntrautennc 
radiation. 

Dr.  H.  H.  Bowing,  Rochester,  Minn. 
I  was  interested  in  what  Dr.  Schmitz  had  to 
say  about  the  carcinomatous  change  and  would 
like  to  hear  further  elaboration  on  the  2  cases 
mentioned. 

Professor  Lars  Edling,  Lund,  Sweden. 
I  have  had  occasion  to  give  radium  treatment 
for  metrorrhagia  and  myoma  of  the  uterus  at 
frequent  intervals  since  1910  and  have  treated 
in  this  way  something  like  200  or  250  cases  of 
bleeding  uterus,  both  the  metrorrhagia  and 
menorrhagia  types,  and  I  think  about  50  to 
60  cases  of  myomata.  In  the  First  class  I  ha\e 
used,  as  a  rule,  4  mgm.  of  radium  with  a  filter 
of  3'^  mm.  of  lead  and  some  rubber.  In  the 
myomata  I  have  used  about  the  same  dose 
but  in  some  cases  have  used  16  mgm.,  with  an 
extra  filter  of  i  mm.  of  silver.  The  results 
have,  as  a  rule,  been  very  good  in  the  bleeding 
cases.  In  a  small  number  of  cases  I  have  been 
obliged  to  repeat  the  irradiation,  and  this  has 
been  done  routinelj'  at  least  two  months  after 
the  first  exposure;  generally  not  much  more. 
That  length  of  time  gives  an  opportunity  to 
observe  the  character  of  the  patient's  bleeding 
during  two  menstrual  periods.  In  most  cases 
the  bleeding  has  ceased  and  in  only  a  small 
number  of  cases  have  there  been  repeated 
attacks  of  hemorrhage.  These  have  been 
controlled  by  means  of  repeated  radiation, 
usually  one  treatment;  but  in  2  cases  two  doses 
were  given.  In  the  myomata  the  results  have 
not  been  quite  so  good.  There  have  been  a 
certain  number  of  cases  of  infection  and 
I  think  they  have  all  been  due  to  submucous 
myomata  being  implanted  by  the  irradiation 
of  metrorrhagia.  In  such  cases  extirpation  of 
the  uterus  has  been  necessary.  In  the  last 
several  years,  therefore,  I  have  used  .v-ray  treat- 
ment with  radium,  with  good  results.  This 
has  been  about  our  experience  in  the  treatment 
of  these  disorders. 

Dr.  Schmitz  (closing  discussion).  We 
began  irradiations  to  the  spleen  for  the  arrest 
of  bleeding  about  two  years  ago,  prior  to  the 
time  that  any  reports  had  come  from  Central 
Eurojx"   on    similar    iinestigations.    The    first 


case  was  a  young  woman  who  was  pregnant. 
She  had  pernicious  bleeding  from  the  gums. 
She  had  received  four  huge  transfusions  of 
blood.  The  improvement  lasted  for  a  day  or 
two  and  then  she  would  bleed  again.  I  advised 
the  extract  of  the  placenta  to  stop  the  bleeding, 
without  any  result.  I  then  suggested  radiation 
of  the  spleen,  giving  an  irritating  dose,  i.e., 
about  15  per  cent  to  the  organ.  Within  two  days 
she  stopped  bleeding  and  carried  the  child  to 
full  term.  Labor  was  normal  and  the  child  was 
perfectly  developed.  We  then  began  to  pay 
close  attention  to  similar  cases. 

In  bleeding  uteri  a  action  of  the  .v-rays 
is  confined  to  the  ovary,  while  that  of  the 
raflium  is  confined  to  the  endometrium. 
If  we  use  radium  we  apply  a  dose  that  will 
destroy  the  surface  of  the  endometrium. 
Without  endometrium  the  menses  will  cease. 

In  one  case  a  sarcoma  was  overlooked. 
The  patient  did  not  have  the  sudden  increase 
in  size  of  the  tumor  or  the  sudden  and  alarming 
bleeding  that  we  usually  find  in  malignancy, 
and  we  were  under  the  impression  that  we  were 
dealing  with  myoma  of  the  uterus,  and  rayed  it 
accordingly.  Hemorrhage  ceased.  But  soon 
she  had  an  involvement  of  the  lymph-nodes. 
We  resorted  to  a  hysterectomy  and  found  a 
sarcomatous  degeneration  of  the  myoma.  In 
the  second  case  we  made  a  wrong  diagnosis. 
The  patient  had  a  large  solid  tumor  in  the 
pelvis,  about  the  size  of  a  fist.  It  appeared  to 
be  one  with  the  uterine  organ  and  was  movable 
with  it.  She  was  fifty-six  years  old  and  had  not 
ceased  menstruation.  We  applied  radium,  Jjut 
the  tumor  continued  to  grow,  the  patient 
developed  pain  and  seemed  to  get  worse.  At 
first  she  refused  to  return  to  the  hospital. 
Finally  she  came  back  and  at  that  time  we 
found  an  invasion  of  the  anterior  abdominal 
wall  and  lymph-nodes.  Laparotomy  revealed 
a  large  sarcoma  of  the  ovary.  The  uterus  was 
not  involved.  A  panhysterectomy  was  done, 
followed  by  .v-ray  irradiation.  She  is  at  present 
in  better  health  than  she  has  been  for  years. 

The  only  indication  for  irradiation  that  we 
recognize  in  benign  conditions  of  the  uterus 
is  the  presence  of  one  symptom,  namely, 
hemorrhage.  If  any  other  symptoms  are 
present,  such  as  pain  or  pressure,  we  reluse 
radiation  treatment.  If  in  doubt  we  prefer  to 
•iubiect  a  patii'iit  to  hysterectomy  or 
m\ omectonn  . 


A  1 


PRELIMINARY  REPORT  OF  THE  ACTION  OF  BURIED 
RADIUM  ON  DISEASED  THYROIDS  IN  MAN 

BY    J.    O.    BOWER,    M.D.,    F.A.C.S.,    AND    J.    H.    CLARK,    M.D. 

Departments  of  Surgery  and   Pathology,  Temple  University  Medical  School 
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employed,  while  se\"eral  men  ha\e  obtained 
ijood  results  from  surface  applications. 
Abbe,'  was  the  first  to  use  buried  radium 
in  exophthalmic  goiter  and  employed  in  a 
single  reported  case  the  massi\'e  dose  oi 
2,400  mgm. 

We  wish  to  report  briefly  3  cases  of 
thyroid  disease,  each  differing  from  the 
others,  in  all  of  which  we  employed  com- 
parati^ely   large  doses  of  buried   radium. 


WE  HAVE  previously  reported  experi- 
mental work  on  the  implantation  ot 
radium  needles  in  the  thyroids  of  dogs.' 
Our  results  indicated  that  normal  thyroid 
tissue  is  resistant  to  the  action  ot  un- 
screened radium  rays  and  we  feel  that, 
owing  to  this  resistance,  implantation  of 
radium  needles  for  a  comparatively  long 
period  of  time  is  a  better  therapeutic 
measure  in  man  than  surface  applications. 
In  addition  to  our  experimental  biologic 
evidence  certain  physical  facts  must  be 
borne  in  mind  in  making  this  deduction. 
First,  the  action  of  radium  is  Intensified 
many  times  by  burying  It  In  tissue,  since 
one  obtains  the  necrotizing  action  of  the 
beta  rays  in  addition  to  the  effect  of  the 
gamma  rays.  Furthermore,  the  action  of 
the  gamma  rays  diminishes  with  the 
distance,  as  the  square  of  the  distance. 

Witherbee'  gives  his  x-ray  dosage  for 
the  treatment  of  tonsils,  adenoids  and 
goiter  as  a  7-In.  spark-gap,  5  ma.,  lo-m. 
distance,  four  minutes'  time,  the  rays 
being  filtered  through  3  mm.  of  aluminum. 
While  we  are  not  in  a  position  to  compare 
accurately  the  dosage,  one  may  get  a  fair 
Idea  by  comparing  the  potential  of  surface 
application  of  radium  with  that  of  .v-rays, 
which  Is  1,000,000  volts  radium  as  com- 
pared with  the  maximum  200,000  for 
x-rays,  a  20-in.  spark-gap  being  essential. 
If  we  consider  the  proper  dosage  for  surface 
application  to  be  1,600-3,000  mgm.  hrs. 
(radium  applied  2^2  cm.  from  skin  surface) 
then,  according  to  Viol^  and  others,  the 
outlying  cells,  those  farthest  away  from 
the  action  of  the  radium  rays,  will  receive 
sixteen  times  as  much  radiation  with  the 
embedded  radium  as  with  the  surface 
application. 

These  facts  have  led  us  to  employ  larger 
doses  of  buried  radium  In  thyroid  disease 
and  the  clinical  results  obtained  so  far  seem 
to  justify  the  procedure. 

Terry,''  has  reported  \ery  favorable 
results  In  exophthalmic  goiter  from  the  use 
of  buried  radium  emanation  tubes,  but 
used   doses   much   smaller  than   we   have 
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I.  Case  1.  May  28,  1922.  Recurrent  carcinoma  of 
thyroid  before  radium  treatment. 


In    two   the   diagnosis   was   confirmed    by 
histologic  examination  of  tissue. 

Case  I  Is  one  of  recurrent  carcinoma  ot 
the  thyroid  (Figs.  i-6). 

Case  II  Is  one  of  simple  colloid  goiter 
(Figs.  --9)  complicated  by  carcinoma  of 
the  larynx  with  a  slightly  increased  basal 
metabolic  rate,  decreasing  under  radium 
treatment. 

Case  III  represents  a  rather  tvpical  toxic 
goiter,  not  confirmed  by  histologic  exam- 
ination, but  which  shows  a  clinical  cure 
within  six  months  after  two  doses  of  burled 
radium  (Figs.  lo-ii). 

Case    I.     Female. 

Family  History.-    Negative. 

Previous  Personal  History.     Negative. 
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Menstrual        History.     Normal         until  noticed  that  her  eyes  became  more  promi- 

March   9,    1922,    when    the    flow    became  nent,  that  her  heart  beat  more  rapidly  and 

profuse.  This  was  of  three  weeks'  duration  that  she  became  rather  nervous.  On  May 

and  unaccompanied  by  pain.  3,  1922,  she  consulted  Dr.  W.  W.  Babcock, 

Present      Jlbiess.     In      January,       1919,  who  advised  operation.  This  was  done  at 

patient  de\eloped  tonsillitis  which  confined  the  American   Stomach   Hospital,   May  9, 
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Fig.  2.  Case  I.  Low-power  photomicrograph  near  edge 
of  advancing  carcinoma.  Some  follicles  contain  col- 
loid, others  arc  filled  with  proliferated  epithelium. 
Compare  with  Figure  3. 

her  to  bed  for  several  days.  About  two 
weeks  later,  she  noticed  a  swelling  in  the 
anterior  aspect  of  cervical  region,  left. 
About  February  ist,  of  the  same  year,  this 
had  attained  the  size  of  a  hen's  egg. 
Patient  stated  that  it  was  painless;  that 


Fig.  3.  Case  I.  High-power  photomicrograph  near  edge 
of  advancing  carcinoma.  Compare  with  Figure  2. 


1922,  under  local  anesthesia.  The  growth 
measured  lO  X  7  X  3  cm.,  and  on  section 
appeared  sarcomatous  in  nature.  Micro- 
scopic examination,  however,  by  one  of 
us,  disclosed  it  to  be  carcinoma  (Figs. 
2-5).  On  May  8,    1922,  the  patient  was 


Fig.  4.  Case  I.   Low-power  photomicrograph  of  fully 
developed  carcinoma.  Compare  with  Figure  5. 

it  moved  when  she  swallowed  and  that 
she  noticed  no  change  in  her  eyes  at  that 
time.  About  February  i,  1922,  the  swelling 
increased  in  size  very  rapidly.  This  was 
accompanied  by  se\crc  pain,  especially 
in    bad    weather.    About    this    time    she 


Fig.  5.  Case  L  High-power  photomicrograph  of  fully 
developed  carcinoma.  Compare  with  Figure  4. 

referred  to  one  of  us  with  a  recurrence 
of  a  growth  on  the  left  anterior  ce^^•ical 
region  anterior  to  the  sternomastoid.  The 
growth  measured  5X4X2  cm.  In  the 
center  of  the  necklace  incision  was  a 
granulating  area  about  i  }-2  cm.  in  diameter. 
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On  May  28,  1922,  two  i232-iiiS'ii-  needles 
were  inserted  into  the  growth  and  25  mgm. 
placed  directly  over  (26  mm.  distant)  for  a 
period  of  forty-eight  hours,  and  2j  mgm. 
over  the  granulating  area  in  the  center  ot 
the  incision.  At  the  end  of  three  weeks  the 
granulating  area  had  healed  and  the 
growth  had  diminished  one-half  in  size. 
At  this  time  25  mgm.  were  again  inserted 
into  the  growth  twenty-six  hours.  At  the 
end  of  two  months  it  had  diminished  to 
one-third  its  size,  and  at  the  end  of  three 
months  had  disappeared  except  for  a 
moderate  amount  of  induration. 

Subsequent  History.  About  six  months 
after  application,  patient  suddenly  dis- 
appeared and  all  efforts  to  locate  her  have 
been  unsuccessful. 

Case  II.    Male,  aged  forty-seven  years. 
Entered  hospital  December  11,  1922. 

Complaint.     Hoarseness  of  voice. 

Family    History.     Negative. 

Past  Personal  History.     Negative. 

Present  Illness.  First  noticed  hoarseness 
in  July,  1922;  since  that  time  he  has  lost 
4  lbs.  in  weight.  Two  years  previously  had 
noted  a  swelling  in  the  lower  part  of  his 
neck  which  has  gradually  increased  in  size. 

Physical  E.xamination.  Height  65  in.; 
weight,  ii~  lbs.;  caries  and  pyorrhea; 
enlarged  tonsils;  thyroid  enlarged,  irregu- 
lar and  pulsating.  Heart  rapid,  180; 
blood  pressure  125-80;  blood  count  3,960,- 
000  reds,  5,800  whites;  hemoglobin  "o; 
polymorphonuclears  67;  lymphocytes, 
small  2~;  large  2;  mononuclears  2;  transi- 
tionals  2;  Wassermann  negative;  sputum 
negative  for  tubercle  bacilli.  Urinalysis 
negative;  examination  of  larynx  showed  a 
small  whitish  pedunculated  mass  about 
12X6X4  mm.  lying  between  the  vocal 
cords.  This,  on  a  second  laryngoscopic 
examination,  was  spontaneously  coughed 
up  and  proved  to  be  a  squamous-cell 
epithelioma.  Basal  metabolic  rate,  January 
I,  1923,  was  plus  44.  January  16,  1923, 
plus  28.  On  January  27th,  1923,  under 
local  anesthesia,  a  6  cm.  horizontal  incision 
was  made  over  inferior  portion  of  left  lobe 
of  thyroid;  the  ribbon  muscles  were  re- 
tracted and  eight  12.5  mgm.  needles 
Inserted  into  the  gland.  Radium  was 
removed  at  the  end  of  twenty  hours.  March 
8,  1923,  gland  was  about  half  original  size; 


voice  slightly  improved.  Laryngoscopic 
examination  shows  growth  to  be  about 
one-half  former  size.  Basal  metabolic 
rate  plus  ijji.  Five  12.5  mgm.  needles 
were  again  Inserted  Into  the  thyroid  gland 
for  twenty-four  hours  and  37.5  mgm. 
placed  directly  opposite  In  order  to  obtain 
maximum  cross-fire  effect.  Patient  dis- 
charged from  hospital  at  the  end  of 
thirty-six  hours. 

Remarks.    Seven  days  after  re-insertion 
of  radium  needles,  patient  without  Interro- 


Fic.  6.  Case  I.  August  j'i,  uiii.  I'li.  ,i.  1:^1  n>li  tlirci- 
months  after  initial  radium  treatment.  Area  of 
moderate  induration  at  site  of  growth.  General 
health  much  unproved. 

gation  remarked  that  tonsils  were  very 
much  smaller;  that  they  used  to  touch  each 
other.  No  change  in  size  of  gland. 

March  27,  1923,  patient  returned  for 
observation.  Thyroid  gland  normal  in 
size.  Tonsils  reduced  to  one-third  original 
size;  growth  In  larynx  very  much  smaller. 
Pulse  120;  weight  120^2  lbs.  Voice  im- 
proved. Surface  application  2400  mgm.  hrs. 

April  I-,  1923,  thyroid  of  normal  size; 
tonsils  showed  no  change  since  last 
examination;  growth  In  larynx  slightly 
larger.  Dr.  T.  C.  Davis  of  the  Nose  and 
Throat  Department  of  the  Samaritan  Hospi- 
tal, Philadelphia,  devised  a  speclalappllcator 
for  introduction  of  radium  directly  to  the 
growth,  but  it  was  impossible  to  keep  It 
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in  position  tor  more  than  a  few  minutes. 
In  order  that  direct  appHcation  could  be 
made  to  the  growth,  tracheotomy  was 
advised,  and  the  patient  at  the  present 
time  has  this  under  consideration. 


Case  III.    Male,  aged  thirty-six  years. 
Family  History.    Negative. 
Past  Personal  History.     Negative. 
Complaint.     Loss    of    weight;     nervous- 
ness; bulging  in  neck;  diarrhea. 


Case    II.    Phoif iL^iaph    l)tt'iii_-    irni>Iantation    of 
of  lacliuiu  iR-i-dk'S. 

In  this  case  it  was  thought  that  the 
thyroid  was  involved  in  the  malignant 
process;  unfortunately,  a  section  of  the 
gland  was  not  remo\ed  at  the  initial 
radium  treatment.  The  section  removed 
one    month    later    showed    no    malignant 


ttJiV 
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Fig.  S.  C^a.sc  II.  Nolc  irregular-sized  lullick-s,  IlaUiiui 
epithclium  and  irregular  distribution  of  colloid. 

change  (Fig.  8).  The  second  application 
was  not  necessary  from  the  standpoint  of 
treating  the  goiter,  but  it  was  decided  that 
the  maximum  radiation  of  the  laryngeal 
growth  could  be  attained  with  the  needles 
in  this  position. 


Fig.  76.   Case   II.    Photograph    after    implantation 
radium  needles. 

In  November,    1922,   patient  developed 
within  a  few  davs  a  globular  swelling  in  the 


Ik,.  (».  C^asc   U.  Shuuing  radium  needles  in  enlarged 
isthmus  and  left  lobe  of  thyroid. 

left  anterior  cervical  region  about  the  size 
of  a  small  orange.  He  became  nervous; 
complained  of  palpitation,  dyspnea  after 
exertion,  epigastric  discomfort  immedi- 
ately after  eating,  sour  eructations,  fulness 
and  a  persistent  diarrhea. 
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Physical  Examiriatiori.  Showed  what 
appeared  to  be  an  adenomatous  growth 
of  the  thyroid  about  7  cm.   in  diameter. 


subsequent  operation  disclosed  that  the 
quinine  and  urea  supposedly  injected  into 
the  gland  usually  reached  only  the  capsule) 


*  « 


) 


Fig.    loa.  Case  III.  Photograph  showinu  patient  before  implanta- 
tion of  radium  needles. 


Area  of  heart  dulness  increased  to  the  left. 
Pulse  rate,  140;  blood  pressure — systolic 
140,  diastolic  80.  There  was  a  marked  trem- 
or and  sweating  of  the  hands.  Basal 
metabolism  was  attempted  on  seyen  occa- 
sions but  patient  was  extremely  neryous 
and  results  were  unreliable.  Patient,  being 
of  Italian  origin,  could  speak  but  little 
English  and  we  were  unable  to  assure  him 
of  the  harmlessness  of  the  procedure. 
December  19,  1922,  under  local  anesthe- 


sia, ei 


isht 
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mgm.  radium  needles  \yere 
inserted  into  the  enlarged  lobe  of  the 
thyroid,  using  a  special  applicator  deyised 
by  Dr.  Cameron  of  the  Radium  Chemical 
Company  of  Pittsburgh.  They  were  with- 
dra\vn  at  the  end  of  ten  hours.  The  patient 
left  the  hospital  at  this  time.  Wounds 
healed    primarily. 

On  examination,  December  26,  1922, 
skin  showed  slight  reaction;  no  change  in 
size  of  thyroid.  Pulse  120;  symptoms 
unchanged. 

January  3,  1923,  goiter  slightly  smaller; 
pulse  108;  other  symptoms  unchanged. 

January  19,  1923,  after  considering  our 
own  and  the  experience  of  others,  in  inject- 
ing the  thyroid  with  quinine  and  urea 
(since  in  a  large  percentage  of  instances 


Fig.  10/).  (Jasc  III.  Photiiy,raph  siiowing 
patient  three  months  after  implantation 
of  radium  needles;  patient  has  gained  31 
lbs. 


it  was  decided  that  it  would  probably  be 
better  to  expose  the  thyroid  and  insert  the 


Fig.    II.  Case  III.  Showing  radium  needles  embedded  in 
left  lobe  of  thyroid. 

radium  directly  into  the  gland  proper. 
This  was  done!^  making  a  6-cm.  incision, 
about  I  cm.  aboye  the  upper  border  of  the 
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clavicle.  We  were  unable  to  find  any  evi- 
dence or  show  that  the  capsule  had  been 
penetrated  by  the  needles.  There  was 
evidence  of  muscle  change  but  no  adhe- 
sions could  be  found.  Eight  12.5-mg. 
needles  .were  inserted  directly  into  the 
gland  after  retraction  of  the  neck  muscles. 
They  were  removed  at  the  end  of  twenty 
hours. 

February  2,  1923,  wound  healed  without 
complication.  No  change  in  size  of  growth 
pulse  108;  sweating  of  hands  somewhat 
diminished;  diarrhea  has  subsided. 

March  i,  1923,  patient  feeling  much 
better;  has  returned  to  work.  Growth  In 
neck  much  smaller;  pulse  90;  bowel, 
movements  normal;  tremor  less.  No  sweat- 
ing of  hands. 

April  15,  1923,  Improving  In  health; 
gained  15  lbs.;  growth  has  almost  disap- 
peared; pulse  84;  digestion  good;  bowels 
move  normally;  no  tremor. 

May  15,  1923,  patient  has  gained  30  lbs.; 
never    felt    better;    working    eight    hours 
daily;  pulse  80;  no  tremor;  digestion  good. 

Reynarks.  In  order  to  be  certain  that 
any  result  obtained  in  this  case  was  due  to 
the  action  of  the  radium  alone,  the  patient 
was  not  put  at  rest.  For  the  two  treatments 
he  was  confined  to  bed  thirty  hours.  He 
was  given  no  medication  and  was  permitted 
to  eat  anything.  It  will  be  noted  that  the 


improvement  began  about  the  time  cicatri- 
zation was  completed. 

CONCLUSIONS 

1.  Three  different  types  of  thyroid  dis- 
ease are  reported  in  which  large  doses  of 
buried  radium  were  employed. 

2.  The  large  dose  was  well  borne  and 
gave  no  untoward  symptoms. 

3.  The  use  of  burled  radium  needles  is  a 
feasible  therapeutic  measure  and  gives 
reliable  results.  We  believe  that  radium  Is 
far  superior  to  the  Injection  of  boiling 
water,  quinine  and  urea,  or  polar  liga- 
tion; that  it  is  indicated  in  cases  that  are 
poor  operative  risks. 

4.  Owing  to  the  apparent  resistance  of 
thyroid  tissue  to  radium  rays,  as  found 
from  experimental  work,  it  is  urged  that 
those  using  radium  In  thyroid  disease 
employ  comparatively  large  doses  of  buried 
element. 
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A  COMPARATIVE  STUDY  OF  THE  EFFICIENCY  OF 
VARIOUS  FILTER  MATERIALS* 

BY   ARTHUR   \V.    ERSKINE,   M.D.,   AND   SCOTT   \V.    SMITH,    M.S. 

CEDAR    RAPIDS,    IOWA 


A  FILTER  is  an  absorber.  Its  efficiency 
depends  upon  the  fact  that  it  absorbs 
.v-rays  in  proportion  to  their  wave-lengths, 
that  is,  it  absorbs  proportionately  fewer 
short  than  long  waves.  The  ideal  filter 
would  absorb  all  rays  of  more  than  the 
desired  wave-length,  but  would  not  absorb 
any  rays  of  shorter  length.  Our  problem  is 
to  determine  what  filters  approach  most 
nearly  the  ideal,  or,  what  filters  absorb 
the  maximum  of  long  waves  and  the 
minimum  of  short  ones.  The  obvious 
method  to  be  employed  in  such  a  compara- 
tive study  would  be  to  interpose  \arious 
filters  in  the  path  of  a  beam  of  .v-rays, 
produced  under  fixed  conditions,  and  then 
by  analyses  of  the  spectra  of  the  filtered 
beams,  determine  the  effects  of  the  filters 
upon  wa\'e-length.  The  technical  difficul- 
ties of  such  a  method  are  great,  and  a 
moment's  reflection  shows  one  that  a 
much  simpler  and  more  direct  solution  of 
the  problem  is  available.  We  endeavor  to 
obtain  a  beam  of  .v-rays  with  a  high  pro- 
portion of  short  wave-lengths,  not  because 
there  is  any  especial  therapeutic  virtue 
in  short  wave-lengths,  but  because  they 
are  more  penetrating.  Since  penetration  is 
inversely  proportional  to  wave-length  we 
can  omit  all  measurements  of  wave-length, 
and  confine  our  study  to  the  eff'ect  of 
various  filters  on  penetration.  The  degree 
of  penetration  can  be  shown  by  the 
ratio  between  the  surface  and  depth  inten- 
sities in  a  water-phantom.  It  is  proper  to 
assume  that  the  most  nearly  ideal  filter 
will  be  the  one  which  permits  the  delivery 
of  the  highest  percentage  of  surface  radia- 
tion to  the  depth,  when  compared  to  other 
filters  which  equally  increase  the  length  of 
time  required  for  the  administration  of  a 
surface  dose. 

In  accumulating  the  data  for  this  study, 
the  voltage,  current,  size  of  field  and  anode 
surface  distance  were  fixed.  Readings 
were  made  of  the  time  required  to 
discharge  the  electroscope  with  the  ioniza- 


tion chamber  at  the  surface  of  a  water- 
phantom  and  at  a  depth  of  lo  cm.,  using 
unfiltered  rays  first,  and  then  gradually 
increasing  thicknesses  of  the  various  filter 
materials  investigated.  From  these  readings 
two  graphs  were  plotted  for  each  filter 
(Figure  i).  The  one  which  we  maj^,  for 
convenience,  call  the  surface  dose,  shows 
how  the  time  in  seconds  required  to  dis- 
charge the  electroscope  with  the  ionization 
chamber  at  the  surface  of  the  water 
increases  with  the  addition  of  each  layer  of 
filter.  The  graph  called,  for  convenience, 
the  depth-dose  percentage,  shows  how  the 
percentage  of  the  surface  dose  reaching  a 
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Fig.  I.  Specimen  graph  showing  the  surface  dose  and 
the  depth  dose  percentage  with  various  thicknesses  of 
copper.  140  kv.,  2.5  ma.,  10  cm.  field,  and  40  cm. 
anode  surface  distance. 


depth  of  10  cm.  increases  with  the  addition 
of  each  layer  of  filter.  The  points  on  the 
latter  graph  are  obtained  by  dividing 
the  number  of  seconds  required  to  dis- 
charge the  electroscope  with  the  ionization 
chamber  at  the  surface  by  the  time  in 
seconds  required  to  discharge  the  electro- 
scope with  the  ionization  chamber  at  the 
depth.  From  the  surface-dose  graph  we 
may  also  determine  what  part  of  the  ori- 
ginal beam  of  x-rays  is  absorbed  by  any 
given  thickness  of  filter,  and  what  thick- 
ness of  filter  is  required  to  absorb  any  given 
percentage    of    the    original    beam.     For 


'  Read  at  the  Fourth  Annual  Meeting  of  the  Central  Section  of  The  American  Roentgen  Ray  Socieiv.  Louis-.ille.  Ky., 

Feb.  24.  1923. 
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example,  when  enough  filter  has  been  intro- 
duced to  reduce  the  rate  of  fall  of  the  gold 
leaf  of  the  electroscope  to  one-half  what  it 
was  when  no  filter  was  used,  it  is  evident 
that  50  per  cent  of  the  original  beam  has 
been  absorbed.  If  the  electroscope  dis- 
charges only  one-fourth  as  rapidly  as  when 


been  introduced  to  reduce  the  intensity 
of  the  unfiltered  beam  to  50,  25  and  10 
per  cent,  respectively,  the  depth-dose 
percentages  are  15.5,  20.1  and  23.4, 
respectively.  Corresponding  depth-dose 
percentages  with  copper  filters  are  18.1, 
21.7,  and  25.8,  respectively;  showing  that 


Fig.  2.  Comparative  depth  dose  percentage 
graphs  with  copper  and  aluminum  filters, 
plotted  according  to  their  absorption  values. 
140  kv.,  2.5  ma.,  10  cm.  field  and  40  cm.  anode 
surface  distance. 

no  filter  is  used,  three-fourths  of  the  beam 
has  been  absorbed  and  only  25  per  cent 
remains.  By  comparing  the  depth-dose 
percentage  graphs  of  two  or  more  filter 
materials  at  points  where  equal  percent- 
ages   of   the    original    beams    have    been 


Fig.  3.  Comparative  depth  dose  percentage 
graphs  with  various  filter  materials,  plotted 
according  to  their  absorption  values.  140  kv., 
2.5  ma.,  ID  cm.  field  and  40  cm.  anode  surface 
distance. 

copper  is  considerably  more  efficient  as  a 
filter  than  aluminum. 

In  Figure  3  the  depth-dose  percentage 
graphs  of  all  the  materials  studied  are 
plotted  according  to  the  absorption  values 
of  the  materials.  The  more  efficient  filters 


Fig.    4.     Depth     dose    percentage  Fig.    5.     Depth     dose     percentage  Fig.    6.     Depth     dose     percentage 

graphs  of  the  more  clhcicnt  (liters.  graphs  of  the  more  elTicient  filters.  graphs  of  the  more  elTicient  filters. 

160  kv.,  2.5  ma.,  10  cm.  field  and  180  kv.,  2.5  ma.,  10  cm.  field  and  200  kv.,  2.5  ma.,  10  cm.  field  and 

40  cm.  anode  surface  distance.  40  cm.  anode  surface  distance.  40  cm.  anode  surface  distance. 


absorbed,    the    relative    efficiency    of   the 
materials  is  easily  shown. 

In  Figure  2  the  depth-doso  percentage 
graphs  of  aluminum  and  copper  are  both 
plotted  according  to  the  absorption  \-akics 
of  the  materials  instead  of  their  actual 
thickness.    When    enough    aluminum    has 


are  the  elements,  copper,  iron,  nickel  and 
zinc,  and  their  alloys,  brass  and  monel 
metal.  The  atomic  weights  of  these  ele- 
ments range  from  55  to  6j,  and  their 
atomic  numbers  from  25  to  30.  Elements 
with  higher  or  lower  atomic  weights  and 
atomic  numbers  are  less  efficient. 
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Table  I. — Depth  Dose  Percentage 


Material 


At. 
Wt. 

At.       p5°^ 

33  H 
Per 
Cent 

25 

Per 
Cent 

20 
Per 
Cent 

Per 

Cent 


Brass 

Zinc 

Nickel 

Copper 

Monel 

Iron 

Aluminum. 

Lead 

Glass 

Leather. . .  . 

Water 

Gold 

Tin 

Para£En.  .  . 


6s. 4 
S8.7 
63.6 


SS.8 

27.1 
207.2 


197.2 
118. 7 


30 
28 
29 

26 
13 

82 


79 
SO 


19- 
19- 
17. 
18. 
I5. 
16. 
IS. 
16. 
17. 
14- 
14- 
14. 


.0 

21.0 

.2 

21.3 

.8 

20.6 

.1 

20.3 

■  S 

19.7 

.9 

19.6 

.5 

18.3 

•  4 

18.8 

.2 

18.8 

■  4 

15.6 

,2 

IS.S 

.s 

IS. I 

5 

14.2 

3 

13.8 

21 


.7 
.3 
■  4 
20.1 
20.2 
19.9 
16.4 
16.4 
15. 5 
IS-5 
14.  I 


23.8 
23-7 
23.2 
22.7 
22. s 
22. S 
21. S 
21  .2 
20.6 

l6.9 
r6.8 
IS.9 
16. 5 
14.3 


28.0 
26.2 
26.2 
2S.8 
25.8 
23.8 
23.4 
23.6 
22.3 
17.8 


20 . 1 
14.9 


Ail  the  foregoing  data  were  obtained  by 
measurements  of  .v-rays  produced  at  140 
kv.,  2.5  ma.,  diameter  of  field  10  cm.,  and 
anode  surface  distance,  40  cm.  The  meas- 
urements were  repeated  with  the  more 
efficient   elements   and  alloys  at  160,   180 
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Fig.  7.  Thicknesses  of  copper,  iron,  zinc,  brass  and 
monel  metal  absorbing  80  per  cent  of  tlie  total  beam 
of  x-rays  at  various  voltages. j 

and  200  kv.,   the  results  being  shown  in 
Figures  4,  5  and  6  respectively. 

An  interesting  fact  which  can  be  demon- 
strated   on    all    the   graphs,    with    all    the 


materials  and  voltages  studied,  is  that  the 
limit  of  economical  increase  in  filter 
thickness  varies  with  the  voltage.  It 
corresponds  appro.ximately  to  the  thickness 
which  will  absorb  80  per  cent  of  the  unfil- 
tered  beam  of  .v-rays,  or  to  express  it 
differently,  is  the  filter  thickness  which 
multiplies  the  time  of  the  unfiltered  dose 
by  five.  The  thicknesses  of  the  various 
more  efficient  elements  and  their  alloys 
which  will  absorb  80  per  cent  of  the 
unfiltered  beam  at  various  voltages  are 
shown  in  Figure  7.' 

SUMMARY 

1.  Since  filter  efficiency  depends  upon 
the  wave-lengths  in  the  filtered  beam,  and 
since  penetration  is  inversely  proportional 
to  wave-lengths,  the  relative  efficiency  of 
various  filter  materials  may  be  determined 
by  a  comparison  of  their  effects  on 
penetration. 

2.  Such  a  comparison  may  be  made  by 
measuring  the  effect  of  various  filters  on 
the  ratio  between  the  surface  and  depth 
intensities  in  a  water-phantom,  provided 
that  the  x-rays  measured  are  produced 
under  fixed  conditions. 

3.  The  most  efficient  elements  studied 
are  copper,  iron,  nickel  and  zinc,  ranging 
in  atomic  weights  from  ^^  to  65,  and  in 
atomic  numbers  from  25  to  30. 

4.  The  most  efficient  alloys  studied  are 
brass  and  monel  metal,  which  are  alloys 
of  the  same  elements. 

5.  Because  of  the  efficiency  and  desir- 
able physical  properties  of  the  alloys 
they  should  receive  further  study  and 
investigation. 

^  The  experimental  work  of  this  investigation  was  performed 
in  the  radiological  research  laboratory  of  Coe  College,  under  the 
general  supervision  of  Dr.  L.  D.  Weld,  of  the  Department  of 
Physics. 
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I.    INTRODUCTION 

IN  a  paper  read  before  the  Radiological 
Society  of  North  America  in  December, 
1922,  one  of  the  authors  described  experi- 
mental tubes  in  which  the  anode  consisted 
of  a  solid  plate  of  tungsten  in  the  form  of 
a  circular  disc  4  in.  in  diameter.  These 
tubes  were  operated  in  water-cooled  oil 
and  ran  steadily  with  as  much  as  50  ma. 
at  200,000  volts.  On  life-test,  one  of  them 
ran  continuously  for  forty  hours  with  30 
ma.  at  200,000  volts  and  was  still  operable. 

An  interesting  difficulty  manifested  it- 
self when  these  tubes  were  operated  contin- 
uously. The  inner  surface  of  the  glass 
became  roughened  locally  and  in  places 
serious  erosion  developed.  It  was  suggested 
that  this  action  might  be  due,  primarily, 
to  an  electrolysis  of  the  hot  glass  of  the 
bulb,  and  secondarily,  to  positive  ion  or 
other  bombardment  resulting  from  the 
continuous  evolution  inside  the  bulb  of 
the  products  of  such  electrolysis. 

While  the  experiments  already  referred 
to  indicated  that  a  satisfactory  high-power 
tube  of  the  type  in  question  could  be  made, 
it  appeared  desirable  to  see  whether  there 
was  not  some  easier  solution  of  the  prob- 
lem. With  this  end  in  view,  work  was 
undertaken,  and  finally  carried  to  a  suc- 
cessful conclusion,  on  a  high-power  high- 
voltage  tube  with  a  water-cooled  anode. 

Some  work  had  already  been  done  on  a 
high-power  water-cooled  tube  for  lower 
voltages  and  in  191 5  one  of  the  authors 
had  reported  on  this  work.'  Excellent 
performance  had  been  obtained  with  tubes 
carrying  as  much  as  100  ma.  at  140,000 
volts  (max.)  Only  one  serious  difficulty 
had  been  encountered  in  this  work  and 
this  was  in  connection  with  the  target. 
On  continuous  operation,  minute  cracks 
would  develop  in  the  target  metal  in  the 
neighborhood  of  the  focal  spot,  and  these 
cracks  would  gradually  deepen  until  they 
finally  extended  through  the  tungsten 
face  of  the  target  and  through  the  copper 

'  Cooi.niGK,  W.  D..  Am.  J.  R<ii:nti,knoi,..  J.in..  1914.  i,  1 15. 


backing.  These  cracks  permitted  water  to 
leak  right  into  the  tube.  The  effect  was 
due  to  the  forces  of  expansion  and  contrac- 
tion brought  into  play  by  the  intermittent 
character  of  the  (alternating  current) 
discharge.  The  tube  was  operating  on  60 
cycle  alternating  current,  and,  as  a  result 
of  this,  60  times  per  second  the  target 
face  was  heated  and  caused  to  expand 
and  60  times  per  second  this  heated  metal 
was  chilled  by  the  cooling  water  applied 
to  the  back  of  the  target,  and  caused  to 
contract. 

2.    THE    TUBE 

Before  attempting  to  design  a  water- 
cooled  target  for  a  high-^■oltage  tube,  a 
study  was  made  of  the  water-cooled  tube 
referred  to  in  the  preceding  paragraph. 
It  was  found  that,  in  general,  the  tearing 
action  of  the  discharge  was  greater  the 
higher  the  temperature  gradient  in  the 
target.  This  is  illustrated  by  the  fact 
that  one  tube  had  shown  a  life  of  1,500 
hours  with  a  load  of  50  ma.  at  ~o,ooo  volts 
(max.)  and  that  the  target  of  this  tube 
was  still  intact,  whereas  another  tube  with 
this  same  target  design  had  shown  a  target 
life  of  less  than  one  hundred  hours  when 
operated  at  100  ma.  and  70,000  volts 
(max.),  that  is,  with  essentially  only  twice 
the  temperature  gradient  in  the  target. 

To  reduce  the  temperature  gradient  in 
the  target  of  the  new  tube,  the  focal  spot 
area  was  greatly  increased  and  three  differ- 
ent designs  of  target  were  tried  (Fig.  i). 
In  the  first  (A)  a  section  of  small  seamless 
copper  tubing  was  wound  around  and 
silver-soldered  to  a  cylinder  of  copper  with 
a  tungsten  plate  cast  in  one  end.  In  the 
other  two  (B  and  C)  square  or  round  copper 
tubing  was  wound  up  in  the  form  of  a 
spiral  and  silver-soldered  to  the  back  of  a 
thin  disc  of  copper  carrying  a  thin  tungsten 
plate  cast  in  the  face.  The  two  latter  types 
possess  the  advantage  of  lighter  weight, 
more  uniform  temperature  gradient  between 
focal  spot  and  water,  and  easier  construc- 
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tion.  Type  C  proved  somewhat  easier 
to  construct  that  B  owing  to  the  fact 
that  the  round  tubing  could  be  more  easily 
brought  into  the  required  form  without 
producing  undue  strains  which  might  lead 
to  cracks. 

A  complete  tube  with  an  anode  of  Type 


means  of  the  cap  (e)  of  insulating  material 
which  is  cemented  to  the  outer  end  of  the 
arm. 

The  glass  bulb  is  8  in.  in  diameter. 

The  cathode  is  the  same  as  that  found  in 
the  Universal  type  of  tube  except  that  a 
small  projecting  pin  (0  of  molybdenum  has 


A 


Fig.   I.  Three  types  of  water-cooled   anode    (natural   size). 


C  is  shown  in  Figure  2.  The  ends  of  the 
copper  tube  coming  from  the  back  of  the 
target  are  brought  out  through  a  larger 
copper  tube  (a)  with  a  vacuum-tight  silver- 
soldered  joint  at  the  inner  end  of  (a).  The 
distinctive  feature  of  this  construction  is 
the  use  of  a  seamless  metal  tube  to  conduct 
the  water  in  and  out  of  the  x-ray  tube,  the 


been  located  in  the  center  of  the  filament 
spiral,  the  function  of  the  pin  being  so  to 
change  the  electric  field  about  the  cathode 
as  to  produce  a  large  focal  spot. 

A  pinhole-camera  picture  of  the  focal 
spot  of  one  of  these  tubes  is  given  in  Figure 
3.  In  this  case  the  focal  spot  was  ij§  in. 
in  diameter. 


Fig.  2.  Water-cooled  higli-voltagc  tube. 


solder  between  tubing  and  target  being 
depended  upon  only  for  making  thermal 
contact,  and  not  for  making  a  vacuum- 
tight  joint.  The  copper  tube  (a)  is  joined 
to  the  glass  tube  (b),  (the  re-entrant  por- 
tion of  the  anode  arm)  by  means  of  the 
thin  platinum  sleeve  (c).  To  increase  the 
effective  length  of  the  anode  arm,  a  tube 
of  solid  dielectric  (d)  is  slipped  over  the 
small  copper  tubes  and  held  in  place  b}' 


3.    GENERATING    OUTFIT 

The  operation  of  such  a  water-cooled 
tube  at  high  currents  and  voltages  was 
found  to  be  most  satisfactory  on  a  gener- 
ating outfit  consisting  essentially  of  a  high- 
tension  transformer,  rectifying  switch  and 
resistance  control. 

The  most  suitable  transformer  used  was 
a   large   experimental  one   designed   espe- 
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cially  to  give  close  regulation.  The  switch 
was  of  the  four-arm  type  and  utilized 
about  70  per  cent  of  the  wave.  When  the 
tube  was  operating  at  50  ma.  and  250,000 
volts,  sufficient  ballast  resistance  was  used 
in  the  control  to  reduce  the  voltage  from 
250  (line  voltage)  to  about  195  (55  volts 
being  consumed  in  the  resistance). 

4.    ACCESSORIES 

For    the    operation    of    a    high-\o[tage 
water-cooled     tube,     an     insulated     water 


|-,c.  3. 

system  is  desirable.  The  experimental 
installation  employed  (Fig.  4)  consisted 
of  a  No.  23  Brown  and  Sharpe  bronze  gear 
pump  (a)  driven  by  motor  (b)  through  an 
insulating  shaft  (c),  and  a  cellular  type 
Ford  radiator  (d)  cooled  by  air  forced 
through  a  tunnel  (e)  made  of  insulating 
material,  from  an  18  in.  Davison  blower 
(f).  Water  connections  between  pump  and 
tube,  and  between  tube  and  radiator,  were 
made  through  flexible  tubing  (g). 

The  pump  was  driven  at  such  a  speed 
that  it  circulated  about  4  liters  of  water 
per  minute  through  the  anode  at  about  30 
lbs.  pressure.  With  a  tube  load  of  50  ma. 
at  250,000  volts,  the  temperature  of  the 
water  as  it  left  the  anode  was  70°C.  and  the 


temperature  was  lowered  to  50°C.  in  the 
radiator.  A  gear  pump  was  chosen  in 
preference  to  a  centrifugal  pump  because 
it  assured  a  continuous  flow  of  water,  and 
furthermore,  gave  the  pressure  necessary 
to  force  sufficient  water  through  the  small 
copper  tubing. 

It  was  necessary  to  pro\'ide  some 
means  for  guarding  against  failure  of  the 
water  circulation  while  the  tube  was  oper- 
ating, as  such  failure  would  involve  the 
immediate  destruction  of  the  target.  This 
assurance  of  an  uninterrupted  water  supply 
was  secured  by  installing  a  section  of 
Sylphon  tube  (f)  on  the  high-pressure 
side  of  the  pump  and  connecting  one  end 
of  the  Sylphon  chamber  of  a  rod  (i)  oper- 
ating contacts  (J)  in  the  circuit  of  a  relay 
which  controlled  a  contactor  located 
in  the  primary  circuit  of  the  x-ray 
transformer. 

Details  of  this  safety  device  are  given 


lu,.  4.  Water-cooled  high-voltage  tube  and  accessories. 

in  Figure  5.  It  is  evident  from  this  diagram 
that,  unless  the  contacts  (a)  are  brought 
together  by  expansion  of  the  Sylphon 
tubing  (b)  due  to  pressure  of  the  circulating 
water,  the  contactor  (c)  will  not  be  oper- 
ated and  current  cannot  pass  through  the 
primary  of  the  .x-ray  transformer  (d). 

A  similar  safety  device  to  assure  suffi- 
cient cooling  of  the  water  might  be 
designed  to  be  operated  by  air  from  the 
blower  or  by  the  temperature  of  the  water 
itself. 

5.    CAPACITY   OF   THE   TUBE 

Tubes  of  the  type  described  above  have 
been  operated  in  the  laboratory  at  50  ma. 
and  250,000  volts  max.  This  was  a  load  of 
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approximately  9  kilowatts.  One  tube  was 
operated  for  50  hrs.  at  this  load  without 
any  change  in  the  behavior  of  the  tube. 

With  suitable  design,  this  type  of  tube 
could  apparently  be  made  to  handle  even 
much  larger  amount  of  energy. 

6.   X-RAY   OUTPUT 

With  such  a  high-power  tube,  it  became 
interesting  to  measure  the  x-ray  intensity 
delivered    when    operating    with    Aarious 


Fig.  5.  Diagram  of  safety  device  to  prevent  closing  of 
x-ray  circuit  without  water  flowing  through  tube. 

tube  currents  and  at  different  voltages. 
This  was  done  with  an  ionization  chamber 
and  a  gold  leaf  electroscope,  the  measure- 
ments being  made  under  a  i  mm.  filter  of 
copper.  The  graphs  shown  in  Figure  6  give 
the  x-ray  intensity,  expressed  in  arbitrary' 
units,  obtained  with  tube  currents  of  from 
I  to  50  ma.  and  voltages  of  200,000  and 
250,000  (max.).  The  graphs  are  not  straight 
lines  and  indicate  that,  over  this  wide 
range  of  current,  x-ray  intensity  at  a 
given  voltage  was  not  proportional  to 
milliamperage. 

It  seems  very  probable  that  there  is  a 
distortion  of  wave  form,  increasing  with 
load,  and  that  this  distortion  is  of  such  a 
nature  as  to  decrease  the  efficiency  of 
x-ray  production. 

It   seemed   worth    while    to    study    the 


relation  between  energy  input  and  x-ray 
output.  Most  of  the  energy  in  the  high- 
tension  current  delivered  to  the  x-ray  tube 
is  converted  in  the  target  into  heat,  and 
a  measurement  of  the  temperature  of  the 
water,  as  it  enters  and  as  it  leaves  the 
target,  together  with  a  measurement  of 
the  amount  of  water  flowing  through  the 
target,  gives  data  from  which  the  energy 
input  may  be  calculated.  Such  measure- 
ments were  made  with  the  various  tube- 
currents  employed   in  making  the  above- 


FiG.  6.  Curve  showing  relation  between  v-ray  intensity 
and  milliamperage. 

mentioned  intensity  curves  at  250,000 
volts.  The  data  are  given  in  Table  i  and 
the  energy  values  taken  from  the  last 
column  are  plotted  on  the  upper  curve  in 
Figure  7.  Beside  this  curve  is  given  the 
x-ray  intensity  cur-se  for  the  same  voltage. 
(The  values  for  the  curve  given  in  Figure 
6  were  multiplied  by  an  amount  neces- 
sary to  make  the  two  curves  coincide  at  the 
50-ma.  point.)  The  two  curves  are  practi- 
cally identical,  showing  that  the  x-ray  out- 
put, as  measured  in  the  manner  already 
described,  was  very  closely  proportional 
to  energy  input. 


EFFECT      OF      GENERATING 
X-RAY   OUTPUT 


OUTFIT      ON 


Various  high-tension  transformers,  recti- 
fying switches  and  controls,  and  various 
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types  of  generating  outfits  were  used  with 
the  water-cooled  tube,  and,  as  a  result  of 
this  experience,  the  following  general 
conclusions  may  be  drawn : 

(a)  The  electrical  characteristics  of  the 
generating  outiit  have  a  marked  effect 
upon  the  behavior  of  the  system  and  upon 
the  A-ray  output. 

(b)  With  the  interrupterless  type  of 
machine,  the  system  operates  best  when  a 
large  amount  of  ballast  resistance  is  used 
in  the  low-tension  circuit  of  the  x-ray 
transformer.  With  auto-transformer  control 
and  no  ballast  resistance,  bad  surges  take 
place. 


high-voltage  tube  and  the  water-cooled 
tube  operating  on  various  types  of  gener- 
ating apparatus  are  given  in  Table  II. 
The  measurements  were  made  with  the 
ionization  chamber  i,  under  i  mm.  of 
copper  filter. 

In  I,  the  next  to  the  last  column  of  the 
table,  is  given  a  number  of  ratios  of  .v-ray 
intensities. 

From  the  first  group  i  it  is  seen  that 
under  the  same  conditions,  the  Universal 
high-voltage  tube  and  the  water-cooled 
tube  give  the  same  x-ray  intensity. 

From  I,  2,  3,  4  and  5  the  following 
conclusions  mav  be  drawn: 


§3;: 


Mi:L£JAM^rfi£^> 


Fig.  7.  A'-ray  intensity  and  energy   input  at   aio.ooo  volts  (max.). 


(c)  With  the  interrupterless  type  of 
machine,  with  the  same  switch  and  the 
same  control,  the  .\-ray  output,  for  the 
same  milliamperage  and  voltage,  is  differ- 
ent with  different  high-^•oltage  trans- 
formers. 

(c/)  With  a  constant-potential  continu- 
ous-current outfit'  the  x-ray  output  is 
greater,  for  the  same  values  of  tube  current 
and  voltage,  than  it  is  with  the  interrup- 
terless type  of  machine. 

(e)  When  rectifying  its  own  current, 
the  tube  does  not  operate  satisfactorily 
with  as  high  Aoltages  as  it  will  satisfactorily 
handle  on  rectified  current. 

Data  obtained  in  making  x-ray  intensity 
measurements    with    the   Universal   type 

1  Cooi.iiic.E.  W.  D..  and  Kearsi.ey,  Jr..  W.  K.  High  voltage  -v- 
ray  work.  Am.  J.  RoiiNti.ENOL..  Feb..  iy^2.  ix.  77. 


In  terms  of  the  .v-ray  intensity  deli^  ered 
by  the  Universal  type  high-voltage  tube 
when  operated  at  5  ma.  and  200,000  volts 
(which  is  perhaps  the  average  current  and 
voltage  employed  with  this  tube)  the 
water-cooled  tube  gives: 

At  30  ma.  and  200,000  volts,  4.30  times 
as  much  .v-ray  intensity. 

At  30  ma.  and  250,000  volts,  8.2-  times 
as  much  .v-ray  intensity. 

At  50  ma.  and  250,000  volts,  14.  i  ^  times 
as  much  .v-ray  intensity. 

At  50  ma.  and  250,000  volts,  1 5.1 'times 
as  much  .v-ray  intensity. 

According  to  6  the  constant-potential 
continuous-current  machine,  operating  the 
water-cooled  tube  at  10  ma.  and  200,000 

'  Note  that  two  different  transformers  are  involved  in  these 
ratios. 
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volts,  gives  1.82  times  the  .v-ray  intensity 
obtained  from  the  interrupterless  type  of 
machine  when  operating  the  tube  at  10  ma. 
and  200,000  volts  (max.).i 


[[   8.    APPLICATIONS 

I.  Medical.     Therapy.     In   the 


mg  section 


preced- 
it  has  been  shown  that  there 
may  be  obtained  with  the  water-cooled 
tube  under  certain  conditions  an  x-ray 
intensity  fifteen  times  as  great  as  that 
usually  obtained  with  the  Universal  type 
high-^"oitage  tube.  The  question  of  the 
desirabihty  of  such  an  increase  in  .v-ray 
intensity  in  therapeutic  work  must,  of 
course,  be  left  to  the  medical  profession. 

The  tube  can  also  be  used  with  the  lower 
values  of  current  and  ^■oltage  now  generally 
employed,  and  experience  may  show  that 
it  has  a  sufliciently  longer  life  than  that 
of  the  Universal  type  high-voltage  tube 
to  justify  the  added  complications  inherent 
in  water  cooling. 

The  distribution  of  intensity  in  the 
radiated  tissues  will  be  somewhat  affected 
by  the  increase  in  the  size  of  the  focal  spot 
over  that  ordinarily  employed. 

2.  Industrial.  Aletal  Radiography.  The 
same  considerations  which  may  make  the 
tube  interesting  for  the  medical  applica- 
tion apply  in  the  field  of  metal  radiography 
also. 

The  tube  in  its  present  state  of  develop- 
ment has  a  focal  spot  which  is  large  for 
radiographic  work.  It  seems  probable, 
however,  that  a  similar  tube  of  equal 
capacity  could  be  developed  with  a  consid- 
erably smaller  focal  spot. 

9.    SUMMARY 

A  new  type  of  tube  with  a  water-cooled 
anode  is  described.  This  tube  satisfactorily 
handles  as  much  as  50  ma.  and  250,000 
volts  and,  with  suitable  dimensions,  could 
apparently  be  made  for  much  larger 
amounts  of  energy. 

Generating  apparatus  and  auxiliaries, 
suitable  for  operating  this  type  of  tube 
with  as  much  as  50  ma.  and  250,000  volts, 
are  described.  ;J 

'  The  voltage  with  the  interrupterless  machine  ha^nng  been 
measured  as  maximum  and  not  effective  voltage,  this  ratio  is  to  be 
divided  by  1.4  if  a  comparison  between  the  two  machines  is  to 
be  made  on  the  basis  of  energy  input.  It  should  also  be  noted 
that  although  the  constant-potential  continuous-current  machine 
may  work  satisfactorily  as  a  laboratory  outfit,  it  has  not  yet  been 
developed  to  a  point  where  it  could  be  considered  a  reliable  piece 
of  apparatus  for  the  doctor's  office. 


The  effect  of  the  electrical  characteristics 
of  the  generating  outfit  on  the  behavior 
of  the  system  and  on  the  .v-ray  output  is 
discussed. 

The  data  given  show  that,  with  the  high 
currents  and  voltages  used  and  the  inter- 
rupterless type  of  machine,  .v-ray  intensity 
was  not  proportional  to  milliamperage, 
owing  probably  to  distortion  of  wave-form. 
It  was,  howe\er,  essentially  proportional 
to  energy  input. 

Possible  medical  and  industrial  applica- 
tions are  discussed. 

In  conclusion,  it  gives  pleasure  to  the 
authors  to  acknowledge  the  A'aluable  assis- 
tance of  Mr.  George  Hotaling  and  Mr. 
Leonard  Dempster,  in  carrying  out  the 
work  which  has  been  described. 

Table  I 


Tube- 
Current 
(Milli- 
amperes) 


Temp. 

Temp. 

Water 

Water 

Liters  of 

Entering 

Le^a™g      ^^_j.^ 

Water 

Tube 

per 

(TO 

cn) 

Minute 

Dcgs.  C. 

Degs.  C. 

10 

20 

30 
40 
50 


31  " 

38  3 

6.6 

4.8 

35   5 

46.,- 

1 1 .0 

4.8 

41.4 

56.3 

14.9 

4.8 

4.-;.  9 

63   5 

17.6 

4.8     1 

49  7 

69.7 

20  0 

4.8 

Kilo- 
watts 
Input 


2.20 

3  67 
4.96 
5.88 
6.67 


Table  II 


Tube 

Generatintj 
apparatus 

i 

> 

c 

■41^ 

0. 

S 
0 

Universal    high-volt- 

A 
A 

s 
s 

200 
200 

o.oi8s(a) 
0  oi8s(« 

1 .00 

Water-cooled 

Water-cooled 

Water-cooled 

B 
B 

30 

5 

200 
200 

0.0943(«) 
0.0219(6) 

4-30 

2 

Water-cooled 

Water-cooled 

B 
B 

30 

S 

250 
200 

0. 1796(a) 
0.0217(6) 

8.27 

3 

Water-cooled 

Water-cooled 

B 
B 

SO 

s 

250 

200 

0.2718(a) 
0.0192(6) 

14. 1 

4 

Water-cooled 

Water-cooled 

A 
B 

50 
s 

250 

200 

0.2718(0) 
0.0179(6) 

IS.  I 

s 

W^ater-cooled 

Water-cooled 

C 
A 

10 
10 

200 
200 

0.0704(a) 
0.0385(6) 

1.82 

6 

A  =  Interrupterless  Machine  consisting  of  a  four-arm  switch, 
a  resistance  control  and  a  large  transformer  designed  for  very 
close  reflation. 

B  =  Interrupterless  Machine  consisting  of  the  same  switch  and 
control  used  in  A  and  a  smaller  transformer. 

C  =  Constant  Potential — Continuous  Current. 

The  constants  of  the  measuring  device  were  the  same  for  both 
members  of  each  group  of  measurements,  but  may  have  changed 
for  the  different  groups.  For  this  reason,  the  values  of  ar-ray 
intensity  for  the  same  tube  load  are  not  the  same  in  the  various 
groups. 
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DISCUSSION 

Dr.  D.  R.  Bowen,  Philadelphia,  Pa.  I 
would  like  to  ask  Mr.  Moore  whether  the 
difference  in  the  .\-ray  output  of  the  two  inter- 
rupterless  machines  A  and  B  was  due  to 
differences  in  switches.controls  or  transformers. 

Mr.  Moore  (closing  discussion).  The 
difference  in  the  x-ray  output  of  the  two 
generating  outfits  A   and   B   could    not   have 


been '  due  to  differences  in  switches  or  in 
controls  as  the  identical  switch  and  the  identi- 
cal control  were  used  for  both  outfits.  The 
onlj'  part  of  these  outfits  which  was  not  com- 
mon to  both  was  the  transformer.  The  trans- 
former of  outfit  A  was  much  larger  than  that 
of  outfit  B  and  had  been  designed  to  give  very 
close  regulation.  This  close  regulation  doubt- 
less resulted  in  less  distortion  of  wave-form  and 
hence  in  higher  efficiency  of  x-ray  production. 


MEASUREMENTS  OF  THE  ABSORPTION  COEFFICIENT 
OF  WATER  AND  ALUMINUM  FOR  HARD  X-RAYS 

BY  EGON  LORENZ,  PH.D.,  AND  BORIS  R.WEWSKY,  PH.D.^ 

Institut  fiir  Physikalische  Grundlagen  der  Medizin 
Frankfort,  Germany 


''I^HE  absorption  coefficient  of  any  radia- 
-L    tion,  including  the  x-raj's,  is  defined 
by  the  following  equation : 

in  which  /o  is  the  intensity  of  the  beam 
when  it  enters,  and  /  that  of  the  beam 
when  it  leaves,  the  absorbing  medium; 
d  is  the  layer  thickness,  e  the  base  of  the 
hyperbolic  system  of  logarithms;  m(X.2)  is 
termed  the  absorption  coefficient,  the 
latter  being  a  function  of  the  wave-length 
X  and  the  absorbing  atom's  atomic  number 
Z. 

The  absorption  coefficient  consists  of 
two  coefficients:  the  pure  absorption  coeffi- 
cient  ju  and  the    scattering  coefficient  a. 

i.e.:M(X,Z)   =  iu(X,Z)  +<t(X,Z) 

In  order  to  determine  the  absorption 
coefficient  of  the  x-rays  by  experiment  it 
would  be  necessary  to  work  with  mono- 
chromatic radiation.  If  there  is  no  such 
radiation,  but  a  heterogeneous  one,  this 
radiation  must  either  be  decomposed  into 
a  spectrum,  or,  as  would  be  sufficient  for 
practical  purposes,  be  made  by  suflicient 
filtration  into  such  a  part  of  a  spectrum  that 
the  absorption  coefiicient  would  become 
independent  of  the  absorbing  medium's 
layer  thickness.  This  is  what  we  call 
"practical  homogeneous  radiation,"  and 
it  is  always  used  in  deep  therapy.  For  its 
"dosage"  it  is  absolutely  necessary  to 
know  exactly  the  absorption  coefficient  of 
water  and  aluminum. 


A  great  number  of  measurements  of  the 
absorption  coefficients  in  question  have 
alreacly  been  made.  Part  of  them  give  us 
variations  from  each  other;  first  of  all 
measurements  of  the  absorption  coefficient 
of  water,  which  lately  have  been  executed 
by  Glasser,^  who — with  the  same  maximum 
tension  (200  kv.) — obtains  a  value  approxi- 
mately 30  per  cent  higher  than  that 
which  is  generally  used  in  deep  therapy. 

The  purpose  of  the  follow  ing  work  is  to 
execute  as  exactly  as  possible  the  measure- 
ments of  the  absorption  coefficient  in  water 
and  aluminum  for  hard  .v-rays,  and  to 
try  to  explain  the  cause  of  the  differences 
mentioned  above. 

In  order  to  get  an  exact  measurement  of 
the  absorption  coefficient  the  following 
must  be  observed: 

The  source  of  radiation  has  to  work 
constantly  and  it  must  be  possible  to 
establish  it  very  exactly  with  respect  to 
its  quality  and  quantity  of  radiation.  The 
condition  of  practical  homogeneity  must  be 
fulfilled  by  proper  filtration. 

To  characterize  the  quality  of  the 
radiation,  i.e.,  of  the  practical  homogeneous 
radiation  also,  the  easiest  way  is  to  take 
the  limiting  wave-length  that  results  from 
the  maximum  potential  at  the  tube  by  the 
equation  of  Planck- Einstein: 

L  17      ,         12.34 

hv  =  eVorXo  =  -,-^ 
kv. 

1  Following   the  [isodoscs  charts  of  Glasser,    200   kv.    (peak) 
•  75  Cu.  +  I  A].  II  water  =  .iSo,  X  effect.  =  .15  A.  U. 
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As  to  the  ray's  path,  it  must  be  such  that 
the  quahty  and  quantity  of  rays  is  not 
altered  by  any  foreign  influences,  i.e., 
the  beam  of  rays  must,  by  adapting  the 
diaphragms,  be  kept  sufficiently  parallel 
and  very  fine  and  protected  against  an 
exterior  undesirable  radiation. 

In  order  to  diminish  as  far  as  possible 
any  measuring  faults  by  scattering  rays 
it  is  advisable  to  place  the  absorbing  body 
in  the  middle  of  the  x-rays'  path.  Further- 
more the  same  must  be  so  thick  that  the 


current  more  than  4  ma.,  without  altering 
the  tension  at  the  tube.  The  primary  vol- 
tage could  be  kept  by  ohm  resistance  on  a 
point  of  .1  volt  constantly,  which  means  a 
secondary  one  of  about  200  volts.  The  tube 
current  could  be  kept  on  .02  ma!  constantly. 
A  lead  wall  4  mm.  thick  (A,  Fig.  i) 
perforated  at  the  level  of  the  anticath- 
ode  is  put  in  front  of  the  tube  R  at  a 
distance  of  22  cm.  from  the  focus.  On 
the  side  looking  to  the  tube  is  a  small 
lead    tube    T,    supplied   with   a    lead   dia- 


l\ 


Fig.  I. 


intensity  of  radiation,  measured  once  with 
and  once  without  absorbing  medium,  gives 
us  differences  sufficiently  great;  this  applies 
especially  in  the  case  of  water,  of  which 
the  absorption  coefficient  is  comparatively 
small. 

In  case  measuring  should  be  done 
according  to  the  ionization  method,  the 
chamber  must  be  rather  large,  because  if 
too  small  a  chamber  is  used,  one  cannot 
make  sure  whether  it  really  works  in  pro- 
portion to  the  intensity  or  not. 

For  the  experiments  an  AEG  Coolidge 
tube  with  tungsten  anticathode  was  used, 
ted  by  a  transformer  apparatus,  and  with 
the  spiral  heated  by  a  battery  of  accumu- 
lators. This  apparatus  allows  us  the  use  of 
voltages  higher  than  200  kv.  and  of  a  tube 


phragm,  receiving  the  main  filters  (Cu.  and 
Al.)  used  for  making  homogeneous  the 
.v-rays.  On  the  other  side  of  the  lead  wall 
A  is  a  lead  tube  3  cm.  in  diameter,  4  mm. 
thick  and  30  cm.  in  length,  which  has 
diaphragms  M  on  its  ends  and  one  inside 
as  well.  The  first  of  these  consists  of  a 
2-mm.,  the  other  two  of  2-cm.  pieces  of 
brass.  On  the  other  end  of  this  tube  there 
is  placed  another  lead  wall  4  mm.  in 
thickness,  behind  which  stands  the  water 
basin  Gi  and  Go.  Behind  the  water  basin 
is  the  electroscope'  collimator,  30  cm.  in 
length,  with  2  diaphragms  M,  each  con- 
sisting of  a  2-cm.  piece  of  brass.  Each  of 
the  diaphrams  has  a  i-cm.  hole 


'  Winawer. 
Voifa-Werke. 


Back's      electroscpe.      constructed      by      the 
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The  water  basin  is  built  according  to  the 
instructions  of  Glocker.^  It  is  composed  of 
two  brass  tubes,  4  cm.  in  diameter,  5  cm. 
and  10  cm.  in  length,  respectively,  which 
are  kept  together  by  a  piece  of  brass  tube. 
The  ends  of  the  tubes  are  closed  by  glass 
plates  of  I  cm.  thickness.  Besides  these, 
there  are  3  lead  diaphragms,  B,  4  mm. 
thick,  each  with  a  i-cm.  hole.  By  raising 
and  lowering  the  water  jug  W  one  or  the 
other  or  both  the  tubes  can  be  filled  with 
water. 

The  measurement  itself  takes  place  as 
follows:  Tension  and  tube  current  are 
established  at  a  certain  "value  and  the  tube 
put  in  action  for  half  an  hour,  because  the 
tube  current  is  constant  only  after  this 
period  of  time.  Afterwards  the  intensities 
are  measured  with  and  without  the  meas- 
uring body  by  the  falling  time  of  the 
electroscope  filament.  To  control  the  con- 
stancy of  the  intensity,  it  is  measured  for 
each  layer  thickness  first  without,  then 
with,  and  afterwards  again  without,  the 
measuring  body. 

The  said  arrangement  allows  the  falling 
time   to    be    determined   within    ±  .2   sec. 


Fig.  2. 

Unwanted  rays  are  examined  by  closing 
the  tube  T  with  piece  of  lead  of  i  cm.  thick- 
ness, in  which  case  the  electroscope  fila- 
ment did  not  fall  down  visibly  in  a  period 
of  600  sec,  with  a  voltage  between  150 
and  200  kv.  and  with  a  3  ma.  tube  current 
in  use. 

In  order  to  make  homogeneous  the  radia- 
tion, filters  of  copper  and  aluminum  are 
used,  the  thickness  of  which  is  varied, 
until  the  same  absorption  coefficient  is 
found  with  every  tension  used  for  5,  10 
and  15  cm.  of  water. 

To  determine  the  c]uality  of  the  radiation 
and  also  the  absorption  coefficient  of  a 
practical  homogeneous  radiation,  one  wants 
the  exact  knowledge  of  the  limiting  wave- 
length.   Therefore   one  must  establish  as 

'  Glocker.  Rothackcr  und  Schonlcber.  Strahtfnllu-rtil^n-.   igj.r. 
xiv.  3t)3,  FJRurc  2. 


exactly  as  possible  the  maximum  voltage 
at  the  tube.  As  a  matter  of  fact,  the  meas- 
urement of  it  by  sparking  distance,  as  it 
is  often  executed,  only  gives  us  an  idea  of 
the  maximum  voltage.  The  spectrographic 
method  was  taken,  even  against  the 
common  opinion  that  if  high  voltages  are 
used,  the  limit  of  the  short  waves  does  not 
come  out  clear,  and  that  therefore  it 
becomes  very  difficult  to  fix  the  \oltage 


by  the  equation  of  Planck-Einstein.  The 
spectrometers  were  built  following  the 
system  of  Seemann.'  There  were  three  of 
them  in  use.  The  one  containing  the  best 
crystal  was  used  in  the  final  measurements. 
Twenty-two  spectrograms,  between  150 
and  220  kv.  were  made,  whereby  the  tube 
current  and  voltage  were  carefully  kept 
on  the  same  point.  To  be  independent  of 
the  network  fluctuations,  these  spectro- 
grams were  taken  during  the  night,  part 
of  them  before  starting,  part  in  the  middle 
and  the  rest  at  the  end  of  the  work.  The 
two  last  series  were  photometered  by  the 
registering  photometer  of  P.  P.  Koch'-  for 
control.  The  result  was  a  number  of 
spectrograms  showing  a  limit  sufficiently 
clear.  Figure  2  shows  one  of  the  registered 

'  Secmann.  H.  Phys.  Zlschr..  IQ17.  xviii.  24 j;  and  19JO.  li,  1919. 
=  Koch.  P.  P.  .Ihm.  d.  Phys.  11.  Chem.,  1912.  xxxix.  705. 
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tlie    spectrogram 


Nalucs  found  for  the  limiting  wave- 


curves    and    Figure 
belonging  to  it. 

The 
length    Xo  and   the  tensions   belonging  to 
them  are  to  be  seen  in  Table  I. 

T.\BLE    I 


Table  III 


Primary  Voltage 
at  the  Transformer 

Xo  in  A.U. 

Secondary  Voltage 
in  Kv. 

(Relative  Values) 

37 
42 

.071 
.062 

;^3|  first  series 

33 

.083  (8) 

147.5! 

33 

.084 

147.7 

35 

.077 

160.5 

38 

.069 

179.0 

40 

.064  (8) 

191 .0 

r  second  scries 

40 

.065 

190.5 

42 

.061 

202.0 

42 

.060 

203.6 

44 

.058 

212.0 

46 

.056 

220.0 

33 

.0813 

.,-..7 

33 

.0811 

152.  I 

33 

.0809 

152.5 

35 

.0763 

i6i.7 

35 
35 

.0760 
.0758 

162.3 
162.9 

■third  series 

39 

.0688 

179-4 

39 

.0687 

179.6 

42 

.0613 

201 .3 

42 

.0608 

202.9 

The  greatest  error  of  all  the  measure- 
ments is  ±1.5  per  cent.  We  used  only 
the  values  of  the  third  series.  For,  taken 
with  the  very  best  spectrometer,  they 
show  the  most  exact  limit  and  the  minimal 
differences  between.  Here  the  greatest  error 
is  +.5  per  cent. 

Table  H  gives  the  voltages  used  for 
the  measurements  of  the  absorption 
coefficient. 

Table  II 


Primary  Voltage 
at  the  Transformer 
(Relative  Values) 


Xo  in  A.U. 


Secondary'  Voltage 
in  Kv. 


33 

.081 

152. 1 

35 

.076 

162.3 

39 

.069 

179-5 

42 

.061 

202.  I 

For  each  of  these  four  tensions  a  great 
many  measurements  of  the  absorption 
coefficient  in  water  by  a  layer  thickness  of 
5,  ID  and  15  cm.  were  taken,  the  results  of 
which  are  contained  in  Table  HI. 


Secondary 
Voltages 
in  Kv. 

Tube 
Current 
in  Ma. 

Filters 

11  Water 
5  Cm. 

^2 

li  Water 
15  Cm. 

C   3 

|3 

.  5  mm 

Cu. 

I 

152. 1 

2 

+  I  mm 
.  5  mm 

Al. 
Cu. 

•  177; 

.177 

•  177 

.177 

162.3 

2 

+ 1  mm 
.8  mm 

Al. 
Cu. 

.165, 

.166 

.166 

162.3 

2 

+  1  mm. 
.  8  mm. 

Al. 
Cu. 

•  165, 

.  164 

.  164 

..65 

179.5 

2 

+  1  mm. 
1 .3  ram. 

Al. 
Cu. 

.150 

.150 

.151 

.150 

202. 1 

2 

+  1  mm. 
1 .5  mm. 

Al. 
Cu. 

.142 

.  140 

.141 

.141 

202. 1 

2 

+  1  mm. 
1 .5  mm. 

Al. 
Cu. 

.UOj 

.141 

.141 

.141 

202.  I 

3 

+  1  mm. 

Al. 

.141 

.141 

.141 

Every  single  value  for  5,  10  and  15  cm.  of 
w^ater  in  this  table  is  the  mean  value  of  a 
great  number  of  measurements  of  w'hich 
the  greatest  error  is  +15  per  cent.^  The 
greatest  error  of  the  measurements  of 
Aoltages,  being  .5  per  cent  lies  within  the 
error  of  the  absorption  coefficient's  values 
for  water.  As  these  values  are  the  same 
for  the  different  layer  thicknesses  inside 
the  error,  we  can  call  the  filtered  radiation 
a  practical  homogeneous  one,  which  was 
moreover  controlled  by  varying  the  layer 
thickness. 

Tap  water  was  used  for  the  measure- 
ments, therefore  the  values  of  the  absorp- 
tion coelFicient  might  have  been  falsified 
by  dissolved  minerals.  But  a  measurement 
for  which  distilled  water  was  taken  gives 
the  same  result. 

In  order  to  determine  the  absorption 
coeflicient  for  aluminum  and  to  know 
which  layer  of  aluminum  corresponds 
with  I  cm.  of  water,  we  had  to  proceed  in 
the  following  manner: 

The  layer  thickness  of  aluminum  was 
varied,  until,  the  general  conditions  being 
unaltered,  the  same  values  were  found 
as  for  the  absorption  coefficient  of  5  and 
10  cm.  of  w^ater.  To  make  sure  whether 
the  values  of  the  absorption  coefficient 
in  aluminum  might  be  falsified  by  impuri- 
ties, chiefly  iron,  we  had  to  analyze  the 
aluminum  chemically:  there  was  no  iron 
found  at  all.  The  results  of  the  absorption 

1  The  error  of  every  ji-measurement  is  found  in  the  following 


equation:  (f^  +  f^)" 


d  log  e 


-All, 
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coefficient  of  aluminum  are  contained   in 
Table  IV. 

Table   IV 


Corresponding 
Layer  of  Aluminum 


CD 


+J 

?, 

-^s 

F- 

v.. 

u  « 

S 

^1 

Filter 

ness 

^: 

H 

a. 

=i 

for  5  Cm. 

of  Water, 

Cm. 


152. 1 

162.3  2 

179.5  2 

202   I  2 


.5  Cu. 

+  1AI. 

..77 

.507 

.5  Cu. 

+  1  AI. 

.166 

474' 

8Cu. 

+  1  AI. 

MO 

.420 

1 .3  Cu. 

+  1  AI. 

■41 

403 

■75 
•73 
.76 

■75 


for  10  Cm. 

of  Water, 

Cm. 


3-5 
3  5 
3  5 
3  5 


In  comparing  the  values  found  by  earlier 
measurements  with  ours  (Table  V)  we 
can  see  that  the  values  of  the  absorption 
coefficient  in  water  correspond  well;  while 
in  aluminum,  they  diverge. 


Column  6  with  softer  scattered  rays, 
which  are  wholly  absorbed  in  the  first 
layers  of  the  measuring  body.  If  we  do  not 
sufficiently  limit  the  beam  of  rays  by 
diaphragms,  we  will  very  likely  according 
to  the  grade  of  diaphragmization,  find  the 
most  variable  values,  whereby  we  take 
our  values  as  the  lower  limit,  supposing 
of  course  that  the  A-ray  bundle  is  suffi- 
ciently diaphragmed  after  passing  the 
measuring  body.  Otherwise  the  absorption 
coefficient  becomes  smaller  by  softer  scat- 
tered rays  leaving  the  measuring  body. 
By  higher  tensions  the  difference  between 
the  former  measurements  and  ours  becomes 
smaller.  This  means  that  the  soft  scattered 
rays  are  no  more  essentially  contained  in 
the  mixture,  owing  to  the  displacement  of 
energy — maximum  of  rays  into  the  direc- 
tion of  shorter  waves. 

The     value    founded    by    Glasser^    for 
water  at  200  kv.  differs  about  30  per  cent 


Table  V 


Secondary  Voltages 

mW 

ater 

ju  Alummum 

Filters 
Thickness 

M  Aluminum 

With  Des- 
sauer and 
Vierhelleri 

Ordinary 

With 

With 

in  Mm. 

With 

With 

With 

Arrangement 

Dessauer 

Us 

Us 

Dessauer- 

Us 

of  Test 

150 

152.  I 

.5Cu. 

+  1  AI. 

.  180 

■  '77 

•  77 

.507 

.62 

162.5 

162.3 

5  Cu. 

+  1  AI. 

.166 

.  166 

.67 

•474 

•59 

181. 5 

179.  5 

BCu. 

+  1  Ai. 

.149 

.  150 

.49 

•  429 

49 

200 

202.  I 

1 . 3  Cu. 

+  1  AI.  i 

.140 

■  141 

•43 

.403 

•  43 

1  Dessauer  und  Vierheller.  Ueber  die  Zerstreuung  von  Rontgenstrahlen  in   Wasser.   Zeitschr.  f. 
4,  Heft  I. 

2  Dessauer.    Grundlagen  und  Messmethoden.  Arch.  f.  Gynae.  Bd.  lil.   Heft   2,  p.  72,  Abb.   7. 
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It  is  probable  that  the  higher  values  of 
the  absorption  coefficient  of  aluminum 
(Table  V,  Column  6)  were  caused  by  the 
arrangement  of  test — i.e.,  the  x-rays  were 
not  diaphragmed  enough — and  that  the 
results  might  ha\e  been  falsified  by  soft 
scattered  rays.  Therefore  a  series  of 
measurements  with  one  ordinary  arrange- 
ment was  made,  i.e.,  without  a  careful 
diaphragmization  before  entering  the  elec- 
troscope collimator.  These  results  show,  in 
comparison  with  tlu-  values  in  Table  V, 
Column  6,  a  better  correspondence. 

Perhaps  we  can  explain  the  dillerence 
between  our  \alues  and  tho.sc  ol  Table  \ , 


from  ours.  As  we  suppose  that  in  these 
measurements  the  diaphragmization  was 
carefully  made,  the  cause  of  these  dif- 
ferences probably  lies  in  other  reasons: 
( i)  The  filters  used  (rj  Cu  +  i  AI.),  which 
docs  not  give  us  a  sufiiciently  homogeneous 
radiation  for  our  rays'  beam.  (2)  The 
dilferent  intensity  distribution  in  the 
spectrum  of  the  rays  sent  by  the  anti- 
cathode;  at  the  same  shortest  wave-length 
the  apparatus  can  give  more  soiter  com- 
ponents. The  cause  of  the  differences  in 
output  of  ditTerent  apparatus  lies  in  the 
tension  cur\e,  in  the  phase  between  cur- 


1  Glasser.  I.e. 
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rent  and  tension  in  secondary  circuit  and, 
if  the  filament  is  heated  by  alternating 
current,  with  a  thin  fdament  in  the  phase 
between  the  heating  current  and  the 
tension  at  the  tube.  Therefore  we  must 
characterize  the  radiation  used  for  deep 
therapy  purposes  not  only  by  the  shortest 
wave-length  or  the  absorption  coefficient 
alone,  but  absolutely  by  both.  This  is  the 
only  way  to  be  sure  that  the  filtered  rays 
really  contain  a  small  part  of  a  spectrum. 
Every  increase  of  the  absorption  coeffi- 
cient with  the  same  tension  means  that 
there  are  still  softer  components  in  the 
mixture  used.  This  shows  in  our  case  Figures 
4  and  J,  which  represent  spectrograms  of 
the  filtered  and  unfiltered  radiation. 

Out  of  the  above  measurements  follows: 

Let  us  extrapolate  by  using  the  formula 

of  Richtmeyer  and  Kerr  Grant'  for  the 

mass  absorption  coefficient  of  aluminum 

)      for  our  limiting  wave-lengths. 


AL 


Formula 


\V/al 


14.45X5  +  .15. 


This  formula  is  proved  by_  Richtmeyer 
up  to  a  wave-length  of  .08  A.U.,  that  is 
our   longest    limiting   wa\e-length.    Table 

VI  gives  the  values  of  (     )      found  bv  our 

measurements  and  calculated  by  the  abo\"e- 
mentioned  formula  for  corresponding  limit- 


ing wave-lengths  Xq. 


Table  VI 


\o  in 


A.U.  (^AL  (9) 


.  'AL 
Calculated 


AL 
Measured 


X  ElTfcti\ 


.081    : 

.158 

.187 

.36 

.076 

..56 

.175 

.  120 

.069 

.155 

.159 

.085 

.061 

■  153 

.149 

.061 

The  fourth  column  of  Table  VI  contains 
the   effective   wave-length   calculated   fol- 


lowing   Richtmever    for 


9/AL 


measured. 


From  the  second  column,  containing  the 
mass  absorption  coefficient  of  aluminum 
calculated,  one  can  see  that  the  pure  absorp- 
tion is  very  small  for  the  limiting  wa\e- 

1  Richtmeyer  and  Kerr  Grant.  Phys.  Rev.,  1920.  xv,  5 


length  measured.  But  a  more  important 
role,  the  pure  absorption,  takes  place  in  the 
mass  absorption  coefficients  measured,  ow- 
ing to  the  softer  components,  which  take 
part  in  the  practical  homogeneous  x-rays' 
beam  together  with  the  limiting  wave- 
length. The  striking  result,  that  the  ob- 
served mass  absorption  coefficient  of  alumi- 
num corresponding  to  the  shortest  limiting 
wave-length  is  smaller  than  the  calculated 
one,  shows  that  the  mass  scattering 
coefficient  for  aluminum  used  by  Richt- 
meyer is  too  great  for  this  wave-length. 
That  is  because  in  order  to  get  the  mass 
scattering  coefficient  for  aluminum  the 
measured  value  of  .149  must  be  diminished 
by  any  small  factor  of  the  pure  mass 
absorption  coefficient  given  by  the  softer 


Fig.  4.  Unfiltered  .75  Cu.        Fig.  5.  Unfiltered  1.3 
-f  !  Al.  Cu.  +  I  Al. 

components  of  the  filtered  radiation.  From 
this  we  gather  that  this  mixture  of  rays 
contains  only  a  small  part  of  a  spectrum 
and  that  the  pure  absorption  is  no  more 
important.  All  this  concerns  in  a  certain 
meaning,  also,  the  values  for  the  longer 
limiting  wave-lengths. 

With  hard  .v-rays  and  the  y  rays  of 
radium'  the  mass  absorption  coefficient 
of  water  is  nearly  evuivalent  to  that  of 
aluminum.  That  is  because  of  the  minimal 
pure  absorption  in  both  the  bodies  and  the 
fairly  equal  scattering. 


Accordinglv 


(') 


AL 


0° 


=  I 


If  we  use  this  relation  for  our  values,  we 
obtain  for  the  four  values  of  limiting  wave- 
length measured  the  value  of  1.06.  There- 
fore, by  use  of  these  radiations,  the  mass 
absorption  coefficient  for  aluminum  is 
practically  equal  to  water.  The  same 
result  is  given  in  Table  IV,  Columns  6  and 
7,  where  the  equivalent  layer  thicknesses 
of  aluminum  for  5  and   10  cm.  of  water 

1  Glocker.  Phys.  Ztschr.,  1918,  xi.\,  70. 
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are  constant  for  all  the  four  limiting  wave- 
lengths.   By   this   follows:  — ^  =    density 

of  aluminum    =  2.7  .  We  found  2.8  for  all 
the    four    values    measured. 

SUMMARY 

Such  an  arrangement  of  tests  is  indicated 
for  the  measurements  of  the  absorption 
coefiicient  of  water  and  aluminum,  as 
permits  one  to  avoid  as  far  as  possible  the 
errors  caused  by  foreign  influences. 

It  is  shown  that  Planck-Einstein's 
relation  gives  an  exact  determination  of 
the  maximum  voltage  at  the  tube  in  the 
measured  sphere,  presupposing  the  authen- 
ticity of  this  relation. 


We  have  measured  the  absorption  coeffi- 
cient for  water  and  aluminum  for  four 
tensions  and  have  shown  that  they  are 
more  or  less  determined  by  the  scattering 
coefficient. 

The  value  for  the  mass  scattering  coeffi- 
cient for  aluminum  (.15  used  by  Richt- 
meyer)  was  found  too  high  for 
X»<.o8  A.U. 

We  wish  to  thank  Professor  Dr.  Dessauer, 
Direktor  des  Instituts  fiir  physikalische 
Grundlagen  der  Medizin  der  Universitat 
Frankfort,  for  the  stimulus  in  this  work, 
and  Professor  Dr.  P.  P.  Koch,  Direktor 
des  physikalischen  Institutes  der  Uni- 
verstitilt  Hamburg,  for  kindly  registering 
the  spectrograms. 


THE  USE  OF  ISODOSIS  CURVES  IN  X-RAY  THERAPY 

SHOWING  THE  INACCURACY  OF  THE 

DESSAUER  CHARTS 

FROM    EXPERIMENTS    jMADE    AT   THE    ROENTGEN    DEPARTMENT    OF    THE   HOSPITAL 

ZUM  HEILIGEN  GEIST,  FRANKFORT   (CHIEFS  OF  DEPARTMENT,  DR. 

FRANZ    GROEDEL    AND    DR.    HEINZ    LOSSEn) 

BY    CHARLES    GOTTLIEB,    M.D. 

NEW    YORK    CITY 


MOST  of  the  larger  laboratories  in  this 
country  are  using  Dessauer's  isodosis 
charts.  While  attending  the  recent  conven- 
tion of  the  German  Roentgen  Ray  Society, 
I,' listened  to  a  discussion  on  the  reliability 
of  these  charts.  There  considerable  doubt 
was  expressed  as  to  the  correctness  of 
the  Dessauer  measurements. 

For  these  reasons  I  was  especially 
interested  in  the  results  of  measurements 
as  presented  by  Dr.  Holfelder  at  the 
congress,  and  determined  to  make  con- 
firmatory tests  myself.  I  am  very  much 
indebted  to  Dr.  Holfelder,  who  placed  the 
records  of  his  very  elaborate  measurements 
and  carefully  prepared  results  of  the 
same  at  my  disposal.  These  convinced  me 
of  the  fact  that  the  intensities  within  an 
A-ray  cone  in  a  water-phantom  as  obtained 
on  an  intensifying  screen  agree  well  with 
the  isodosis  curves  of  Dr.  Holfelder.  I 
wished,  however,  to  determine  through  my 
own  experiments,  whether  the  fundamental 
shape  of  the  isodosis  curve  remains  the 
same,  independent  of  the  apparatus  used. 


Through  courtesy  of  Dr.  Groedel  I  made 
the  experiments  in  the  Roentgen  Labora- 
tory of  the  Heiligen  Geist  Hospital  in 
Frankfort. 

Using  the  roentgendosimeter  of  Siemens 
and  Halske,  several  .v-ray  cones  were 
measured,  readings  being  taken  every 
centimeter,  and  the  results  of  these  meas- 
urements agreed  accurately  with  those 
reported  by  Dr.  Holfelder.  It  was  extremely 
important  to  determine  the  errors  due 
to  the  finite  size  of  the  ionization  chamber. 
Holfelder,  after  careful  consideration,  has 
determined  upon  a  method  of  correcting 
his  curves  in  order  to  eliminate  these  errors 
(Fig.  I,  center).  This  correction  is  deter- 
mined through  measurements  of  intensity 
within  an  air-phantom,  in  which  the  ioniza- 
tion chamber  is  only  partially  and  gradu- 
ally exposed  to  the  radiation.  This  is  accom- 
plished by  covering  part  of  the  ionization 
chamber  with  a  lead  plate.  I  have  made  it 
certain  by  these  experiments,  that  when 
changing  the  position  of  the  ionization 
chamber  from  a  place  of  high  intensity  to 
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one  of  low  intensity  the  indication  is 
blurred  to  the  extent  as  found  by  Holfelder. 
Therefore  it  seems  to  me  that  the  correc- 
tions made  on  the  curves  of  intensity,  as 
determined  by  Holfelder,  are  well  proven, 
not  only  with  regard  to  direction,  but  also 
as  to  numerical  value.  This  way  we  arrive 
at  the  final  form  of  the  isodosis  curve 
(Fig.  I,  right)  which  differs  from  the 
form  of  the  Dessauer  curves  in  a  remark- 


which  the  diaphragm  was  placed  as  close  to 
the  focus  of  the  tube  as  possible.  By  doing 
this  the  transition  at  the  limit  of  the  cone 
into  the  stray  field  seems  to  be  blurred  only 
to  a  very  slight  extent.  This  can  be  figured 
exactly  within  the  limits  of  the  partial 
shade,  which  is  determined  geometrically 
by  the  width  of  the  focal  point  of  the  target 
distance  of  the  diaphragm  from  the  focal 
point  and  from  the  water-phantom.  I  have 
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Fig.  I.  This  shows  the  development  of  the  isodosis  curves  according  to  Holfelder,  taken  from  a  paper  by 
Holfelder,  Bornhauser  and  Jaloussis,  in  the  " Strablentberapie."  Two  x-ray  cones  are  shown,  taken  with 
round  diaphragms.  Diameter  of  the  diaphragm  6  cm.  Diaphragm  placed  on  surface  of  water.  Symmetry- 
apparatus.  Fuerstenan-Coolidge-tube.  Equivalent  spark-gap  45  cm.,  current  3  ma.  Filter  0.5  cm.  Cu.  Half 
absorption  value  layer  13  mm.  AI. 

Above:  x-ray  cone  with  a  focal  distance  of  30  cm.  Below:  x-ray  cone  with  a  focal  distance  of  70  cm. 
Left:  direct  plotting  of  measured  values  shown  by  curves  of  isodosis.  In  the  center:  plotting  of  measured 
values  in  horizontal  planes;  on  the  surface,  at  a  depth  of  5  cm.  and  at  a  depth  of  10  cm.,  showing  cur\es 
of  intensities  in  these  planes.  Correction  of  these  curves  in  order  to  eliminate  errors  due  to  the  ionization 
chamber.  Right:  actual  isodosis  curves  of  both  cones  after  correcting  values  of  intensities.  The  sharp 
limitation  of  the  primary  cone  and  weakness  of  the  stray-field  are  very  apparent. 

This_^chart  is  one-quarter  original  size,  each  square  representing  one  square  centimeter. 


able  way.  The  difference  is  evident  not  only 
at  one  point,  but  in  all  characteristic  points, 
along  its  entire  run.  This  fundamental 
form  is  not  influenced  by  the  position  of 
the  diaphragm.  I  have  made  measure- 
ments with  different  cones  of  ravs,  during 


made  tests  on  several  cones  duplicating 
the  conditions  given  by  Dessauer  for  his 
charts.  The  measurements  were  made  using 
the  Neointensi\reform  apparatus  which  is 
Dessauer's  own  design,  and  which  was 
calibrated    bv   the    Dessauer    Institution, 
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so  that  the  values  of  crest  (max.)  voltage 
correspond  to  those  of  Dessauer.  The 
results  of  these  measurements  were  totally 
different  from  those  of  Dessauer,  but 
agreed  well  with  the  Holfelder  curves. 
The  values  of  the  diflerences  must  therefore 
be  shown  in  an  example. 

The  following  table  shows  the  measured 
intensities  within  an  x-ray  cone  as  per 
cents  of  the  intensity  at  the  surface. 
The  figures  in  parenthesis  are  the  inten- 
sities as  given  by  Dessauer  for  the  same 
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Fig.  2.  This  is  a  reproduction  of  a  film  made  by  me,  at  one-third 
original  size.  The  film  shows  the  longitudinal  section  through  a 
round  .x-ray  cone,  taken  under  the  same  conditions  as  given  below 
Figure  i.  Notice  the  primary  cone,  sharply  defined  to  a  consid- 
erable depth,  and  the  weak  stray-field  around  the  same.  This 
film  agrees  perfectly  with  the  isodosis  cur\'es  of  Holfelder  obtained 
under  the  same  conditions. 


conditions.  The  apparatus  used  were 
Neointensivreform  apparatus,  Fuerstenan 
Coohdge  tube  with  tungsten  target,  trans- 
former voltage  200  kv.  (max.),  current  2 
ma.,  filter  1.3  mm.  Cu.  and  i  mm.  W. 
Focal  distance  from  surface  30  cm.,  dia- 
phragm in  the  center  between  focal  point 
and  surface.  Area  of  field  5.7  X  7.  6  cm., 
Ai  =0.140  (for  water). 


I  hesitated  to  believe  that  an  .v-ray 
physicist  as  prominent  as  Prot.  Dessauer 
should  make  such  fundamental  errors,  and 
wished  to  assume  that  the  differences  are 
due  to  some  special  behavio  of  the  Siemens 
dosimeter.  Therefore  I  looked  for  another 
method,  dilTerent  from  that  of  Holfelder, 
in  order  to  get  the  results,  and  investigated 
se\eral    .v-ray    cones    in    water-])hantoms 
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using  a  photographic  tihii  for  measuring 
the  [relative  intensities.  The  iihns  were 
developed  immediately  after  exposure. 
Reduced  size  reproductions  of  these  fdms 
are  shown  in  Figures  2,  3  and  4. 

Figure  2  shows  a  narrow  cone  of  .v-ray, 
having  a  width  of  6  cm.  at  a  focal  distance 
of  70  cm.,  using  the  same  quality  of  radia- 
tion as  for  making  the  measurements. 
The  diaphragm  was  close  to  the  surface  of 


distance  of  80  cm.,  where  the  diaphragm 
was  placed  in  the  center  between  the 
surface  of  water  and  the  focal  point.  Here 
the  film  was  placed  slightly  at  a  slant  to 
the  center  ray,  so  that  there  seems  to  be  a 
convergence  of  the  rays  toward  the  depth, 
which,  however,  shows  only  the  oblique 
section  of  the  cone.  In  this  case  too,  we 
can  see  a  perfect  agreement  with  the 
measurements,  and  the  fundamental  form 


Fig.  3.  A  wider  cone  shows  the  same  form  of  distribution  of  intensities.  The 
stray-field  is  only  slightly  stronger  than  that  of  a  narrower  cone.  This 
film  was  taken  with  a  focal  distance  of  50  cm.  and  a  diaphragm  of  12  cm. 
diameter.  The  conditions  of  tests  were  the  same  as  before.  This  shows, 
too,  the  exact  agreement  with  the  Holfelder  curves,  and  the  strong 
difference  from  Dessaucr's  forms.  Reduction  one-third  original  size. 


the  water  in  this  case.  One  can  clearly 
see  the  rather  deep  sharply  defined  cone 
and  the  weak  pear-shaped  stray  field 
around  the  same.  Figure  2  shows  the  same 
proportion  with  a  field  of  12  cm.  in  width 
and  having  a  focal  depth  of  50  cm.  Here 
we  have  also  found  a  complete  agreement 
with  the  iontoquantimetric  results.  Figure 
3    shows    a    narrow   cone    having   a    focal 


is  the  same  as  in  the  other  pictures,  except 
that  the  edges  seem  to  be  slightly  blurred, 
due  to  the  effect  of  a  partial  shadow.  When 
making  exposures  on  films  placed  perpen- 
dicular to  the  center  ray  in  the  water- 
phantom,  I  received  sharply  defined,  almost 
homogeneous  records  of  the  x-ray  cone  at 
considerable  depths.  This  proved  to  me 
that  the  silver  emulsion  responds  not  only 
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to  rays  of  a  certain  direction,  ijut  is  giving 
a  true  record  of  the  intensity  cur\  e  at  any 
place  in  the  water-phantom.  After  meas- 
uring the  blackening  of  the  films  photo- 
metrically, at  different  points,  we  have 
plotted  curves  of  iso-blackening,  which  are 
in  complete  agreement  with  the  isodosis 
curves  of  Holfelder. 

These     diflerent     experiments     concki- 
sively   prove   the   Dessauer   charts   to    be 


I.  According  to  Dessauer,  the  main, 
primary  cone  is  surrounded  with  a  very 
wide  and  only  slightly  weaker  stray-field. 
The  primary  cone,  according  to  the  Hol- 
felder experiments,  is  sharply  defined,  and 
shows,  even  with  the  diaphragm  placed 
at  a  considerable  distance  from  the  surface 
of  the  water,  only  a  very  narrow  transitory 
held,  which  can  be  well  explained  to  be 
due  to  afpartial  shadow.  The  stray  field 


Fig.  4.  Not  even  the  position  of  the  diaphragm  changes  the  form  of 
the  distribution  of  intensity.  The  limit  of  the  cone  only  seems  to 
be  slightly  bkirred.  The  film  was  taken  under  conditions  similar  to 
those  given  by  Dessauer.  The  film  was  placed  in  the  water-phantom 
at  a  slight  slant,  which  accounts  for  the  converging  of  the  limits 
of  the  cone,  according  to  the  shape  of  a  cone  section.  This  is  further 
proof  of  the  fact  that  the  primary  cone  is  sharply  limited  even  when 
the  diaphragm  is  placed  at  a  distance  from  the  surface.  The  focal 
distance  was  80  cm.,  and  the  diaphgram  used  had  an  opening 
of  3  cm.  diameter,  and  was  placed  at  the  center  between  the 
surface  of  the  water  and  the  focal  point  of  the  tube. 


fundamentally  incorrect  and  rather  unsafe 
for  practical  use.  They  also  cfemonstrate 
that  the  isodosis  curves  of  Holfelder  agree 
well  with  actual  conditions.  The  forms  of 
the  Holfelder  cur\es  differ  so  greatly 
from  those  of  Dessauer  that  it  appears 
very  important  to  point  out  the  most 
salient  ditTcrenccs. 


around  the  primary  cone  is  of  an  extremely 
small  intensity  when  compared  to  the 
intensity  of  the  primary  cone.  This  is  so 
marked  that  the  neglecting  of  the  stray- 
field  in  practical  use  can  never  cause  .v-ray 
burns,  neither  can  the  stray-field  be  used 
for  therapeutic  purposes,  as  stated  by 
Dessauer  and  his  followers. 
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2.  The  Dessauer  curves  show  a  diver- 
gence below  the  surface.  The  stray-fields 
of  the  Holfelder  curves  show  a  contraction 
at  the  surface,  and  a  second  very  clear 
contraction  at  larger  depths  of  the  phantom. 

3.  The  per  cent  intensity  \alues  at 
depths  appear,  according  to  Dessauer's 
data,  to  be  too  high.  It  was  impossible  to 
reach  such  \alues  when  making  the  tests, 
even  with  the  highest  a\ailable  voltage. 
Since  Dessauer  made  his  experiments 
with  apparatus  of  older  types,   it  seems 


improbable  that  he  would  have  had  any 
harder  rays  at  his  disposal  than  the  ones 
we  used  in  our  experiments. 

4.  The  change  of  intensity  toward  depth 
follows  in  the  Dessauer  curves  approxi- 
mately the  shape  of  a  logarithmic  curve; 
while  the  Holfelder  curves  and  also  my 
tests  have  in  every  case  shown  a  very  prom- 
inent hump  at  the  beginning  of  the  curve. 

The  conclusions  drawn  from  these  con- 
siderations seem  to  justify  the  title  of 
this  article. 


ADVANCES  MADE  IN  THE  ROENTGEN-RAY  STUDY 
OF  GALL-BLADDER  DISEASE 


BY    DORWIN    PALMER,    M.D. 

PORTLAND,    OREGON 
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^HE  progress  which  has  been  made  in 
-L  roentgen-ray  interpretation,  technique 
and  apparatus  has  given  to  the  medical 
profession  an  excellent  instrument  for  the 
study  of  those  cases  in  which  infection 
of  the  gall-bladder  is  suspected.  In  the 
past  the  clinician  placed  little  confidence 
in  the  roentgenologist's  opinion  regarding 
the  gall-bladder.  This  was  probably  due  to 
the  inefficiency  of  the  equipment  and  to 
the  lack  of  interest  shown.  Previous  to 
191 1,  our  attention  was  directed  largely 
to  the  study  of  the  gastrointestinal  tract. 
It  was  while  proving  out  the  various  pro- 
cedures in  these  studies  that  the  funda- 
mental principles  were  ascertained  for 
detecting  the  shadow  of  the  gall-bladder. 
From  this  period  there  has  been  a  gradual 
development  due  to  the  persistent  eflorts 
of  the  pioneer  roentgenologists.  Cole, 
Caldwell,  George  and  Leonard,  for  they 
impressed  upon  us  the  necessity  of  care- 
fully observing  the  salient  points  in 
technique.  An  article  was  published  in 
1916  by  Cole  and  George,  outlining  the 
essential  principles  in  examination  of  the 
gall-bladder.  With  minor  changes  we  are 
able  today  to  obtain  from  their  work  the 
maximum  of  soft-tissue  detail.  It  was 
thought  then  that  the  detection  of  gall- 
stones was  the  goal  to  be  attained.  George 
of  Boston  first  called  our  attention  to  the 
fact  that  the  pathological  gall-bladder 
may  be  shown  more  often  than  the  calculi. 
He  also  stated:  "Only  when  pathological 


change  has  taken  place  in  the  walls  of  the 
gall-bladder  or  in  its  contents  can  the 
shadows  be  demonstrated  on  the  x-ray 
plates."  From  our  experience,  this  state- 
ment may  be  questioned.  These  shadows 
are  at  times  difficult  to  demonstrate; 
therefore,  the  roentgenologist  should  have 
the  hearty  cooperation  of  the  clinician 
and  the  patient,  and  must  be  permitted  to 
employ  the  time  necessary  to  complete 
the  study  satisfactorily. 

The  preparation  of  the  patient  is  of  first 
importance.  The  colon  should  be  thor- 
oughly emptied  and  freed  of  gas  which  is 
inv^ariably  present,  due  to  disturbed  motor 
and  possibly  secretory  functions.  This 
condition  is  accentuated  by  the  use  of 
cathartics.  Our  routine  has  been  to  use 
enemata  of  hot  soapsuds  at  four  in  the 
afternoon  and  again  at  bedtime  on  the 
day  preceding  the  examination,  and  this  is 
repeated  upon  arising  the  following  morn- 
ing. Detailed  instructions  should  be  given 
as  to  the  temperature  and  quantity  of 
the  water,  the  manner  in  which  the  solution 
should  be  taken  and  the  length  of  time 
it  is  to  be  retained.  For  twelve  hours 
preceding  the  examination  food  should  not 
be  given. 

Before  making  the  films,  the  patient 
must  be  impressed  with  the  importance 
of  holding  his  breath  and  of  complete 
muscular  relaxation.  The  slightest  move- 
ment of  the  diaphragm  or  other  muscles  of 
respiration    will    obliterate    all    soft-tissue 
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detail  and  blur  the  delicate  ring  shadows 
of  gall-stones  when  present. 

The  roentgen-ray  findings  in  gall- 
bladder disease  may  be  classified  under 
three  headings:  Direct,  Indirect  and 
Ehminative. 

Direct  Evidence.  By  this  is  meant  the 
demonstration  of  the  gall-bladder  or  biliary 
calculi  on  the  film.  Properly  taken,  the 
films  include  the  entire  area  from  the 
twelfth  rib  to  the  pelvis,  and  will  show  a 
clear-cut  outline  of  the  right  kidney  and 
the  margin  of  the  liver.  Shadows  cast  by 
gall-stones  may  be  confused  with  renal 
calculi,  calcified  lymph-nodes,  suprarenal 
glands  or  enteroliths  in  the  tip  of  a  long, 
retrocecal  appendix.  A  corset  lobe  of  the 
liver  and  a  dilated  duodenum  may  be 
mistaken  for  the  shadow  of  the  gall- 
bladder itself.  The  gall-bladder  shadow  is, 
as  a  rule,  sharply  contrasted,  with  well- 
defined  borders;  especially  is  this  true  of 
the  inner  border.  To  differentiate  the 
gall-bladder  shadow  from  a  corset-Iobed 
liver  or  dilated  duodenum  often  requires 
the  ^correlation  of  the  gastrointestinal 
report.  Gall-stones  are  commonly  identified 
by  their  typical  ring-like  appearance,  yet 
many  are  seen  which  do  not  present  this 
characteristic  and  therefore  require  more 
care  in  the  differential  study. 

Indirect  Evidence.  This  is  the  term 
applied  to  the  changes  in  contour  of 
neighboring  viscera  resulting  from  pressure 
or  from  a  localized  peritonitis.  These 
changes  are  noted  in  the  gastric  antrum, 
bulb,  duodenum  and  hepatic  flexure  of  the 
colon.  The  antrum  is  always  the  seat  of 
spasm,  and  may  exhibit  constant  filling 
clefects  as  a  sequel  of  pericholecystitis. 
The  duodenal  bulb  is  flattened  and  oc- 
casionally so  deformed  that  an  ulcer 
would  be  suspected.  The  association  of 
gastric  or  duodenal  ulcer  with  chronic 
gall-bladder  disease  is  not  infrequent.  The 
duodenum  and  hepatic  flexure  of  the  colon 
are  frequently  involved  in  the  process  and 
show  resulting  irregularities  and  distortions 
of  normal  contour.  It  should  be  remem- 
bered that  these  changes  may  be  obser\'ed 
in  other  conditions.  They  are,  however, 
very  suggestive  and  should  cause  a  diligent 
search  to  be  made  for  direct  evidence  of 
cholecystitis. 


Here  it  would  seem  proper  to  speak 
of  the  so-called  "Harris  membrane," 
described  by  Cole  at  a  recent  meeting  of 
the  American  Roentgen  Ray  Society. 
This  thin,  veil-like  structure  passes  from 
the  lesser  omentum  over  the  antrum,  cap 
and  duodenum  to  the  under  surface  of  the 
liver  and  is  e\idenced  by  a  blurring  of  the 
lesser  curvature  margin  of  the  antrum  or 
bulb.  The  etiology  of  the  structure  is  by 
no  means  established.  It  is  at  times  present 
where  there  is  unimpeachable  evidence  of 
gall-bladder  infection;  and  again,  it  is  an 
incidental  finding  of  the  surgeon  during 
the  routine  abdominal  exploration. 

Eliminative  Evidence.  This  is  equally 
as  important  as  the  positive  indirect  find- 
ings, since  the  presence  of  a  normal 
gastrointestinal  tract  (if  we  may  use  the 
term)  almost  rules  out  the  possibility 
of  cholecystitis. 

The  diagnosis  of  gall-bladder  disease 
is  not  limited  to  the  demonstration  of  gall- 
stomes  on  the  films,  but  is  made  on  the 
basis  of  the  correlation  of  direct  and 
indirect  evidence.  Positive  cases  must 
show,  as  a  rule,  direct  evidence  and,  to 
some  degree,  distortion  of  neighboring 
viscera.  If  there  are  but  one  or  two  indirect 
points,  we  can  do  no  more  than  suggest 
the  possibility  of  gall-bladder  disease  and 
reexamine  the  patient  at  some  future 
time.  It  is  well  to  remember  that  the 
preparation  of  the  patient  and  the  exposure 
of  the  films  is  relatively  a  simple  procedure, 
and  failure  is  the  result  of  the  lack  of 
attention  to  some  seemingly  unimportant 
detail. 

We  find  in  our  records  that,  during  the 
twelve  months  from  October  i,  1921,  to 
October  i,  1922,  we  have  passed  an  opinion 
in  330  cases  on  either  the  positive  or 
negative  aspect  of  the  gall-bladder.  One 
hundred  and  thirty-one  have  presented 
direct  evidence  of  gall-bladder  infection; 
28  showed  stones,  and  103  the  shadow  of 
the  diseased  viscus.  All  cases  in  the  group 
with  ten  exceptions,  7.6  per  cent,  have 
shown  some  distortion  of  neighboring 
viscera.  Fifty-three  of  the  abo\e  cases 
have  been  submitted  to  surgery;  chole- 
cj'stcctomy  was  done  in  50,  the  pathologi- 
cal reports  confirming  in  each  the  roentgen- 
ray  findings.  The  remaining  3  were  said 
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to  exhibit  no  gross  e^■idence  of  pathology. 
In  the  total  cases  examined,  135  ga\'e  no 
direct  evidence  of  gall-bladder  disease; 
of  this  number  16  have  been  operated 
upon;  1  which  was  reported  negati\'e 
showed  a  definite  cholecystitis.  A  positive 
roentgen-ray  report  was  rendered  in  3 
cases  having  negative  gall-bladder  films, 
because  of  the  presence  of  indirect  evi- 
dence. The  operative  findings  were  nega- 
tive. The  distortion  was  due  to  ulcer. 
The  error  here  was  22.2  per  cent.  This 
gross  error  was  due  to  the  fact  that  the 
.x-ray  opinion  was  rendered  wholly  on 
indirect  evidence,  and  it  is  in  these  cases 
that  George*  warns  us  against  placing  too 
much  credence  upon  findings  in  and  about 
the  duodenum  without  confirmation  of 
gall-bladder  films.  Forty-five  cases  were 
classified  as  suspicious.  In  these  cases  the 
films  exhibited  about  the  gall-bladder 
increased  densities  which  could  not  be 
positively  identified.  Many  showed  more 
or  less  positi\-e  indirect  evidence,  which, 
together  with  clinical  data,  resulted  in  12 
being  submitted  to  operation.  The  roent- 
gen-ray evidence  was  shown  to  be  correct 
in  11;  I  patient  revealed  no  pathology 
of  the  gall-bladder.  The  patient  referred 
to  was  screened  within  the  past  week  and 
there  still  remains  some  doubt  whether 
even  after  exploration,  a  true  gall-bladder 
disease  may  not  exist.  This  brings  up  a 
question  which  was  discussed  before  the 
San  Francisco  City  and  County  Medical 


Society,  in  September  of  this  year,  namely: 
"Are  we  able  to  state  definitely  by  gross 
examination  that  a  gall-bladder  is  not 
infected?" 

Cases  studied  from  October  i,  1921,  to  October,  1922: 

Total  positive  or  negative  opinions 330 

Operative  findings  reported  on 81 

Correct  interpretations 73 

Errors 8 

Percentage  correct 90. 2 

Percentage  error 9.8 

Percentage    of   gall-stones    in    positive 

cases 21.4 

In  conclusion  we  may  say  that  the 
presence  of  direct  and  indirect  findings 
is  sufficient  to  establish  the  diagnosis  of 
gall-bladder  disease  in  at  least  90  per 
cent  of  the  cases,  which  is  far  in  advance 
of  our  previous  results. 
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DIVERTICULUM   FROM  THE  ANTERIOR  SURFACE  OF 
THE  STOMACH  NEAR  THE  CARDIO-ESOPHAGEAL 

JUNCTION 

BY    LEONARD    J.    RAVENEL,    M.D. 

Roentgenologist,  The  Saunders  Memorial  Hospital 

FLORENCE,   SOUTH    CAROLINA 

THIS  patient  applied  for  .v-ray  examina- 
tion on  account  of  burning  sensations 
in  the  upper  gastric  region  with  regurgita- 
tion of  large  quantities  of  mucus.  Symp- 
toms of  indigestion  had  continued  over 
a  period  of  many  years,  during  which  time 
the  appendix  had  been  removed  and  the 


Fig. 


Imniodiatcly    following   bariur 


Ileal. 


gall-bladder  explored  on  separate  occasions. 
The  patient  was  a  female,  sixty-five 
years  of  age,  and  in  a  much  enfeebled  condi- 
tion. .?^-ray  examination  showed  two 
distinct  pouches  projecting  from  the 
anterior  wall  of  the  stomach  at  the  cardiac 
end.  These  can  be  \ery  clearly  made 
out,  especially  in  the  oblique  projection. 
The  condition  of  the  patient  was  such 
as  not  to  permit  of  operative  procedure. 


Fig. 


Oblique 


view,     immediately     after    barium 
ingestion. 


Fig.  3.  Four  hours  after  barium  ingestion. 
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RAPIDLY  DEVELOPING  COMPLETE  PYLORIC  STENOSIS: 

REPORT  OF  A  CASE 

BY    HAROLD    SWANBERG,    B.SC,    M.D. 

QUINCY,     ILLINOIS 


''I^HE  following  case  of  complete  pyloric 
J-  stenosis  de^'eloped  so  rapidly,  and 
the  clinical  symptoms  were  so  indefinite, 
that  it  was  thought  worthy  of  reporting. 

REPORT   OF    CASE 

Male,  aged  sixty-five,  a  retired  physician, 
was  referred  to  me  by  Dr.  Warren  F. 
Pearce  on  May  15,  1922,  for  roentgen 
examination  of  the  stomach,  the  clinical 
diagnosis  being  undetermined. 

The  patient's  past  history  was  of  Httle 
interest  except  that  about  eight  years  ago 


ing  more  pronounced.  No  pain  was  ever 
complained  of  and  the  patient  had  vomited 
but  once  smce  his  illness  had  begun.  There 
was  marked  loss  of  strength  and  weight. 
He  had  lost  some  11  lbs.  in  the  previous 
three  weeks.  No  blood  had  been  passed  by 
mouth  or  rectum.  The  patient  had  been 
sufi'ering  with  chronic  constipation  for 
some  years.  An  examination  of  the  gastric 
contents  had  been  made,  but  unfortunately 
the  report  was  lost.  The  findings,  however, 
were  not  conclusive  enough  to  warrant 
making  any  definite  diagnosis. 


Fig.  I.  Roentgenogram  of  stomach  twenty-four  hours 
after  barium  meal  and  three-fourths  of  an  hour  after 
administration  of  J-so  grain  atropine  sulphate 
hypodermically,  showing  a  complete  pyloric  stenosis. 

he  was  operated  upon  for  gall-stones,  and 
a  very  large  stone  was  removed.  He  had 
always  had  a  good  appetite  and  had  par- 
taken of  alcoholics  only  in  moderation.  His 
present  illness  dated  back  about  five  weeks, 
when  he  began  to  complain  of  gastric 
distress  after  meals.  Prior  to  that  time 
he  was  enjoying  the  best  of  health  and  was 
able  to  partake  of  practically  any  combina- 
tion of  food.  His  own  words  were:  "I  did 
not  know  I  had  a  stomach."  This  gastric 
distress  was  characterized  by  a  sense  of  ful- 
ness after  meals  which  was  rapidly  becom- 


FiG.  2.  Same  case  as  in  Figure  i.  Roentgenogram  made 
forty-eight  hours  after  the  barium  meal,  showing  the 
pyloric  stenosis  still  complete. 


The  physical  examination  revealed  a 
fairly  well-nourished  man.  Cataracts  were 
present  in  both  eyes,  rendering  vision  diffi- 
cult. Abdominal  palpation  revealed  a  very 
large  postoperati^'e  ventral  hernia  which 
followed  the  old  gall-bladder  operation. 
No  abnormal  masses  could  be  palpated  in 
the  abdomen.  A  fluoroscopic  examination 
of  the  chest  was  negative.  Other  than  this 
the  general  physical  examination  was  not 
remarkable.  A  fluoroscopic  and  roent- 
genographic  examination  was  made  of 
the    stomach    and    as    a    result,    I    sent 
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Rapidly  Developing  Complete  Pyloric  Stenosis 


the  following  report  to  the  referring 
physician: 

"The  esophagus  was  negative.  The 
stomach  was  greatly  increased  in  size, 
with  very  weak  peristaltic  waves.  Persis- 
tent palpation  failed  to  empty  the  stomach. 
No  fining  defect  was  in  evidence  but  there 
was  a  marked  broadening  of  the  chiodeno- 
pyloric  sulcus  and  there  appears  Httle 
doubt  that  there  is  a  small  growth  encir- 
chng  the  pylorus.  Observations  at  six, 
twenty-four  and  forty-eight  hours  showed 
a  complete  pyloric  stenosis.  A  reexamina- 
tion was  made  after  J'oO  gr.  of  atropine 
sulphate  was  given  hypodermically,  but 
the  pylorus  failed  to  open,  and  twenty- 
four  hours  Later  the  pyloric  stenosis  was 
still  complete.  Conclusion:  Pyloric  malig- 
nancy, resulting  in  complete  pyloric 
obstruction  with  marked  gastric  dilatation. 
Immediate    surgical    relief   is    indicated." 

Following  the  completion  of  the  roentgen 
examination,  the  patient  immediately  left 
for  the  Mayo  Clinic  where  he  was  promptly 
operated  upon.  The  following  personal 
communication,  giving  the  postoperative 
findings,  was  received  from  Dr.  W.  J.  Mayo: 

"Dr. was  operated  on  here  May  20, 

when  your  diagnosis  of  pyloric  malignancy 
with  obstruction  was  confirmed.  A  poste- 
rior gastro-enterostomy  was  made  at 
that  time.  May  26  it  was  necessary  to  go  in 
again,    when    an    entero-anastomosis    was 

made.  Dr. got  on  very  well  following 

this  and  June  24  I  resected  the  pyloric 
end  of  the  stomach  for  removal  of  the 
carcinoma.  The  growth  came  out  very  well. 

Dr. has  been  getting  on  satisfactorily 

and  will  be  able  to  go  home  in  about  two 
s. 


The  patient  returned  home  the  latter 
part  of  July  and  showed  marked  clinical 
improvement.  He  continued  to  improve 
generally,  gaining  considerable  weight. 
In  November,  symptoms  appeared  indicat- 
ing a  recurrence  of  the  old  trouble,  which 
finally  caused  the  patient's  death  on 
January  31,  1923. 


COMMENTS 

This  case  is  interesting  in  that  the  dura- 
tion of  the  symptoms  was  so  short  and  the 
resulting  pathology  so  marked.  Further, 
the  clinical  symptoms  were  such  that  a 
diagnosis  of  malignancy  was  unsuspected, 
especially    a    complete    pyloric    stenosis. 

The  growth  being  located  in  the  pyloric 
ring  and  rapidly  growing,  quickly  produced 
a  complete  pyloric  stenosis.  The  stomach 
rapidly  dilated  because  of  the  obstruction. 
The  peculiar  clinical  feature  of  the  case  is 
the  failure  of  the  patient  to  vomit  with 
such  a  complete  stenosis  present. 

The  case  well  illustrates  the  value  of  the 
roentgen  method  in  the  early  diagnosis  of 
gastric  malignancy.  Carman'  of  the  Mayo 
Clinic  says.  "In  the  Mayo  Chnic,  95  per 
cent  of  gastric  cancers  have  given  distinct 
roentgenologic  signs  of  their  presence,  a 
percentage  not  approached  by  any  other 
process  of  examination."  Every  patient 
past  middle  life,  with  indefinite  gastric 
symptoms  that  do  not  respond  to  the  usual 
medical  and  dietetic  treatment  should  be 
regarded  as  suspicious  of  malignancy, 
and  a  roentgenological  study  should  be 
advised. 

'  Carman  and   Miller.   The  Roentgen   Diagnosis  of    Diseases 
of  the  Alimentary  Tract.  Philadelphia,  1917.  p.  171. 


AN  UNUSUAL  SHADOW  IN  THE  HEAD  INTERPRETED 

AS  CALCIFICATION  IN  THE  LEFT 

LATERAL  VENTRICLE 


BY    A.    ROBERT  TAFT,  M.D. 

CHAKLtSTON,    SOUTH    CAROLINA 


IN  February,  1923,  a  white  female 
twelve  years  and  eleven  months  old 
was  referred  for  an  x-ray  examination  of 
the  head.  There  is  a  definite  history  of 
minor  epileptic  attacks  since  the  winter 
19 1  "-19 1 8,  when  she  had  an  attack  of 
influenza.  At  first  the  attacks  were  quite 
mild,  but  later  the  convulsions  increased 
in  severity  and  frequency.  As  many  as 
three  or  four  attacks  occured  in  twenty- 
four  hours.  These  attacks  were  ushered  in 


by  a  contraction  of  the  head  to  the 
right  and  a  clinching  of  the  right  hand. 
In  September,  1920,  a  sore  appendix- 
was  remo\ed.  This  did  not  seem  to  in- 
fluence the  attacks.  There  was  a  suspicion 
of  attacks  during  sleep,  but  this  was  not 
confirmed.  Menstruation  was  ushered  in 
in  1 92 1,  but  it  had  no  relationship  to 
the  convulsions.  For  the  last  four  months 
attacks  have  been  much  less  severe  and 
frequent.  Luminal  was  taken  for  some 
time  with  no  apparent  effect.  The  appetite 
is  normal,  and  the  patient  sleeps  well. 
Wassermann  was  negative.  Health  is  appar- 


ently good,  but  the  hemoglobin  is  only 
60.  Early  in  March  the  eyes  became 
inflamed,  especially  the  left,  and  vision 
was  dull.  The  ophthalmologist  reports^an 
acute  uveitis  with  spots  on  the  cornea, 
etc.  Mercury  and  potassium  iodide  were 


used  followed  by  a  decided  impro\ement 
in  vision  with  a  subsidence  in  inflammation 
in  two  months. 

A'-Ray  examination  shows  a  definite 
shadow  of  increased  density  in  the  left 
side  of  the  skull.  This  is  more  or  less 
triangular  in  outline  and  was  reported  as  a 
calcification  of  the  wall  of  the  left  ventricle. 

The  patient  was  referred  to  Dr.  Walter 
E.  Dandy,  of  Baltimore,  Md.,  who  con- 
firmed the  .v-ray  opinion  and  thought  it 
was  the  probable  cause  of  the  epilepsy. 
Operation  was  refused  on  account  of  its 
relationship  to  the  speech  centers. 
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ERRORS  IN  THE  DIAGNOSIS  OF  FOREIGN  BODIES  IN 

THE  AIR  PASSAGES 


BY    PORTER    P.    VINSON,    M.D. 
Division  of  Medicine,  Mayo  Clinic 

ROCHESTER,    MINNESOTA 


EOENTGENOLOGIC  examination  is 
one  of  the  most  valuable  procedures  in 
the  diagnosis  of  foreign  bodies  in  the  air 
passages,  and  particularly  when  the  foreign 
body  is  of  such  consistency  that  it  is 
opaque  to  the  ray.  In  this  group  of  cases, 
howe\er,  errors  may  arise  in  the  interpreta- 
tion of  shadows.  Three  cases,  illustrative 
of  this,  have  recently  come  under  my  obser- 
vation. 


This  was  followed  by  a  cough  with  a 
considerable  amount  of  purulent  expectora- 
tion. Two  years  after  the  attack  of  pneu- 
monia, empyema  of  the  right  side  de\"eloped. 
Drainage  was  instituted  and  the  thorac- 
otomy incision  healed  after  about  two  and 
a  half  months.  From  this  time  on,  the 
patient  continued  to  ha\e  three  or  four 
coughing  spells  each  clay.  About  an  ounce 
of  sputum,  purulent  in  character,  and  at 


Fig.  I.  (Cabc  A424285).  Roentgenogram  sliowing  a 
shadow  in  the  right  descending  bronchus,  apparently 
a  collar  button. 


REPORT   OF    CASES 

Case  I  (A424285).  Male,  aged  twenty- 
eight  years.  Came  to  the  Mayo  Clinic 
May  I,  1923.  At  eight  years  of  age,  he 
had  aspirated  a  collar  button  of  unknown 
composition.  A  roentgenographic  examina- 
tion, taken  at  that  time,  failed  to  reveal 
the  foreign  body.  Six  months  after  the 
accident,  the  patient  had  an  attack  of 
pneumonia  which  lasted   lor  three  weeks. 


Fig.  2.  (Case  A4242y5).  Ruentgenogram  taken  after 
bronchoscopy  and  dilatation  of  a  bronchial  stricture. 
The  shadow,  supposed  to  be  a  foreign  body,  has 
disappeared. 

times  slightly  stained  with  blood,  was 
expectorated  at  each  paroxysm.  The 
general  nutrition  of  the  patient  was 
excellent.  A  roentgenographic  examination 
had  been  made  just  before  he  came  to 
the  Clinic,  and  a  diagnosis  of  a  collar 
button  in  the  right  descending  bronchus 
was  made  (Fig.  i). 

Physical  examination  revealed  marked 
clubbing  of  the  lingers  and  signs  of  a 
chronic  bronchiectasis  at  the  base  ot  the 
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right  lung.  Roentgenographic  examination 
apparently    confirmed    the    findings    pre- 


and  a  cicatricial  stricture  without  granula- 
tion tissue  was  located  in  the  right  descend- 


FiG.  3.    (Case   A428180).    Roentgenogram   showing   a       Fig.  4.   (Case  ;A428 180).  Roentgenogram  showing  no 
shadow  over  the  left  main  bronchus.  A  diagnosis  was  evidence  of  the'pin  in  the  bronchus, 

made  of  a  straight  pin  in  the  bronchus. 


F^-?-  W5 


'^^7^^^^''^ 


r 


Fig.  3.  (( ^a^e  A430533).  Roentgenogram  showing  a 
foreign  body,  fence  staple,  apparently  located  in  the 
right  main  bronchus  (Courtesy  of  Dr.  W.  A.  Rush). 

viousiy  recorded.  On  May  2,  1923,  broncho- 
scopy was  performed  under  local  anesthesia, 


Fig.  6.   (Case  A430533).  Roentgenogram  showing  no 
evidence  of  the  foreign  body  in  the  bronchus. 

ing    bronchus.    Forceps    were    introduced 
through  the  stricture  into  the  small  cavity 
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below,  but  the  supposed  foreign  body 
could  not  be  grasped.  The  stricture  was 
then  forcibly  dilated  with  the  forceps, 
and  the  examination  discontinued.  On 
June  20,  1923,  a  second  bronchoscopy 
showed  that  the  stricture  in  the  bronchus 
was  of  a  much  wider  lumen  than  at  the 
first  examination,  but  the  foreign  body 
could  not  be  located. 

Repeated     roentgenographic     examina- 
tions have  been  made  since  the  stricture 


Fic.  7.     (Case     A430j33i.     Rc.rntsind-ir.im     showing 
ffnct'  staple  in  the  ascending  eulon. 

in  the  bronchus  was  first  dilated,  but  we 
have  been  unable  to  demonstrate  the 
original  shadow  that  appeared  to  be  the 
collar  button  (Fig.  2).  It  is  probable  that 
the  shadow  was  a  fibrous  cast  of  the  button 
that  was  broken  up  by  the  dilatation  of 
the  bronchial  stricture.  A  portion  or  all 
of  the  button  may  still  remain  in  the  small 
abscess  ca\ity  below  the  stricture,  and 
further  attempts  to  locate  it  will  be  made. 
It  is  possible,  however,  that  the  button 
may  have  been  of  such  composition  that 
complete  disintegration  has  taken  place. 
Case  II  (A428180).  Female,  two  years 
of   age.     Brought    to    the    Mayo  _,  Clinic, 


June  6,  1923,  because  it  was  believed 
that  she  had  aspirated  a  pin  one  week 
before.  The  mother  had  seen  the  pin  in 
the  baby's  mouth,  but  on  her  attempt 
to  remove  it,  the  child  had  strangulated 
and  the  pin  disappeared.  The  family 
physician  assumed  that  the  patient  had 
swallowed  the  foreign  body,  and  instructed 
the  mother  to  watch  the  stools.  As  the 
pin  did  not  appear  in  the  stools  after  two 
or  three  days  had  passed,  roentgenograms 
of  the  chest  were  taken,  and  a  diagnosis 
of  a  pin  in  the  left  main  bronchus  was 
made  (Fig.  3).  The  patient  was  then 
brought  to  the  Clinic  for  bronchoscopy. 

Physical  examination  of  the  chest 
revealed  nothing  abnormal,  and  the  child 
was  free  from  pulmonary  symptoms.  Roent- 
genographic examination  failed  to  reveal 
any  foreign  body  (Fig.  4).  On  further 
ciuestioning  the  parents,  it  was  learned 
that  the  baby  had  been  covered  with  a 
towel  at  the  time  of  the  first  roentgeno- 
graphic examination,  and  it  is  probable 
that  the  shadow  seen  in  the  roentgenogram 
was  from  a  pin  in  the  towel,  or  on  the 
examining  table.  It  is  a  peculiar  coincidence 
that  the  shadow  should  have  appeared 
directly  over  the  left  main  bronchus.  The 
marked  movement  of  the  pin  in  the  roent- 
genogram should  ha\"e  suggested  that  the 
foreign  bod}  was  not  located  in  the  thorax. 

Case  III  (A430533).  Male,  forty-one 
years  of  age.  Came  to  the  Mayo  Clinic 
June  23,  1923,  because  he  had  swallowed 
a  staple  four  days  before,  while  repairing 
a  fence.  A  roentgenographic  exammation 
of  the  chest  had  been  made  the  following 
day,  and  the  staple  was  supposedly  located 
in  the  right  main  bronchus  (Fig.  5). 
Under  the  fluoroscope  a  stomach  tube  was 
passed  beyond  and  far  to  the  left  of  the 
foreign  body.  It  was,  therefore,  assumed 
that  the  staple  was  not  in  the  esophagus. 
There  had  been  no  pulmonary  symptoms  at 
any  time. 

By  roentgenographic  examination  at 
the  Clinic,  the  staple  could  not  be  demon- 
strated in  the  thoracic  cavit\',  but  was 
located  in  the  ascending  colon  (Figs.  6  and 
-).  On  the  following  day  the  foreign 
body  was  passed  by  rectum. 


CHINESE  BOUND  FEET 


BY    JOSEPH    L.   HAR\EY,    M.D. 

Roentgenologist,  Canton  Hospital 

CANTON,  CHINA 


''F^HE  binding  of  women's  feet  into  the 
X  so-called  "Golden  lilies"  or  "Lily 
feet"  probably  originated  during  the  first 
centuries  A.D.  There  is  not  sutlicient 
trustworthy  evidence  as  to  when  or  why 
the  custom  originated.  When  pressed  for 
an  answer  the  Chinese   usually  give  one 


deformed  foot,  like  a  knob  on  the  end  of 
the  leg.  These  women  are  only  able  to 
hobble  very  short  distances. 

It  is  now  illegal  to  bind  feet,  but  the 
practice  is  still  maintained  in  some  of 
the  interior  regions  of  China.  Some  of  the 
Chinese   women   have  unbound  their  feet 


■^NP 


Fig.    I.  True  bound   foot.  Chinese  woman  eighty-two 
years  old,  and  4  ft.  6  in.  tall. 

of  two  answers:  "Small  feet  were  thought 
beautiful,"  or  "To  keep  wives  from 
running  away."  In  the  writer's  opinion 
the  latter  is  probably  the  true 
explanation. 

The  binding  usually  begins  when  a  girl 
is  three  or  four  years  old.  It  consists  in 
binding  the  toes  under  the  foot  and  back 
against   the    heel.   The    result   is   a   badly 


./y 


Fig.  2.  Foot  of  Chinese  woman  forty-six  years  old  and 
4  ft.  9  in.  tall.  Note  toes  arc  not  bound  under  footas 
in  Figure  i. 

with  \arying  degrees  of  improvement  in 
the  shape  and  a  corresponding  improve- 
ment in  walking  ability. 

The  accompanying  roentgenograms 
should  be  of  interest  not  only  as  curiosities 
but  from  the  light  they  may  give  on  the 
question  of  bone  formation  and  its  relation 
to  tension  and  pressure. 


yll 


912 


Chinese  Bound  Feet 


FiG.>_3.  Anteroposterior  view  of  Figure 


Chinese  Bound  Feet 
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Fig.  4.  Anteroposterior  view  of  Figure  2. 
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Chinese  Bound  Feet 


Fig.  5.   Bound   foot  which   h;is   been   unbound   for    a       Fig.  6.   True   bound   foot.   Chinese   woman   forty-four 
number  of  years.  Chinese  woman  forty-two  years  old  years  old  and  4  ft.,  8  in.  tall.  Note  toes  bent  back- 

and  4  ft.,  ID  in.  tall.  '  words  and  bound  under  foot. 


Fig.  7.  Bt>und  foot  whicli  lias  been  unbound  and  sh<je  adapted. 


A 


SIMPLE  METHOD  OF  IMMOBILIZING  PATIENTS 
IN  THE  STANDING  POSITION 


BY    C.    HARVEY    JEWETT,    M.D. 

Clifton  Springs  Sanitarium 

CLIFTON    SPRINGS,    NEW    YORK 


T 


HE  iollowing  method  of  immobilizing 
patients  in  gastrointestinal  and  chest 
radiography  is  described,  with  the  hope 
that  it  may  be  a  distinct  aid  in  impro\ing 
technique  in  these  examinations  and  also 
add  an  element  of  safety. 

The  apparatus  is  simple  in  construction 
and  can  be  readily  adapted  to  the  usual 


there  is  a  vertical  bar  of  wood  set  up  on 
blocks  at  each  end  so  as  to  allow  a  six- 
inch  canvas  band  to  be  looped  around  it 
and  made  fast.  This  permits  the  raising 
or  lowering  of  the  band  to  the  desired 
position. 

On  the  right  side  a  six-inch  thin  board  is 
mounted  verticallv,  in  the  center  of  which 


SHOvyiMfi    LOCKING  ptVlCt    QfCl^ 


Fig.   I. 


upright  stereoscopic  plate  shifts.  It  consists 
of  a  light  canvas  band  stretched  across 
behind  the  patient  which  can  easily  be  ad- 
justed to  the  height  desired  and  made  fast 
by  a  simple  locking  device.  The  whole 
apparatus  can  be  constructed  in  a  verj- 
short  time;  and  the  author  has  found  it 
particularly  useful  with  patients  who  are 
unsteady  or  nervous. 

The  accompanying  diagram  and  illus- 
tration show  the  details  of  construction 
when  adapted  to  the  old  style  K.  K.  ver- 
tical  stereoscopic   shift.   On   the   left  side 


is  a  raised  one-half-inch  wood  strip. 
Over  this  strip  a  grooved  stick  is  fitted. 
This  is  fastened  at  the  bottom  with  a 
leather  hinge  and  can  be  readily  held  in 
place  by  an  ordinary  hinged  hasp  at  the 
top.  This  hasp  is  bent  at  a  right  angle 
so  as  to  drop  down  over  and  hold  the  stick 
in  position  after  the  canvas  band  has  been 
stretched  across.  Raising  the  hasp  and 
allowing  the  grooved  stick  to  swing 
down  is  all  that  is  required  to  release  the 
patient. 

The  added  element  of  safety  was  recently 
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demonstrated  in  the  author's  experience  to  hold  the  patient  in  position  and  pre- 
when  a  patient  fainted  just  as  the  exposure  vent  him  from  falling  back  against  the 
was  made.  The  canvas  band  was  sufficient      tube    until    assistance    could    reach    him. 


2.  Showing  p;iticnt  in  clu^t  position. 


TIME-SAVING  DEVICE  FOR  SKIN  THERAPY 


BY    SZE-DAU    TSIANG,    M.D. 

Peking  Union  Medical  College 

PEKING,    CHINA 


i  LL  roentgen  skin  therapists  must 
-i!^  have  experienced  considerable  loss 
of  time  in  setting  the  tube  at  the  desired 
skin-target  distance,  and  in  centering 
the  ray  upon  the  area  treated.  The 
time-saving  device  here  described  aims  to 
do  away  with  both  these  difficulties. 
It  consists  of  a  piece  of  square  wooden 
board  about  }4  cm.  in  thickness  and  the 
exact  size  of  the  ordinary  aluminum 
filter.  In  the  center  of  this  board  we 
make  a  round  aperture  which  should  be 
the  same  size  as  that  of  the  tube-holder, 


Fig.   I.  \Vooden'j[board^with_threads^in  position. 

so  as  to  avoid  possible  interference  with 
radiation.  At  the  middle  point  on  each 
of  the  four  sides  of  the  square  board  a 
small  hole  is  made,  and  a  thread  passed 
through  each  to  the  hole  opposite.  The 
crossing  point  of  the  two  threads  is  the 
center  of  the  aperture  and  at  the  same 
time  it  indicates  the  central  rays.  At  this 
point,  a  piece  of  thread  is  tied,  and  a 
small  glass  bead  fastened  to  the  free 
end  of  the  thread.  The  length  of  this 
thread  should  correspond  exactly  to  the 
desired   distance   from   the   center   of  the 


target — say  lo  in.  (Fig.  i).  Therefore, 
the  point  touched  by  the  bead  is  the  center 
of  the  ray  and  also  the  desired  distance 
from  the  target  (Fig.  2). 

Take  a  case  of  ring-worm  for  illustration: 
After  the  scalp  is  marked  off  by  Adamson's 
method,  the  board  is  placed  in  position, 


Fig.    2.    The    device    in    place. 

being  slid  on  to  the  tube-holder  as  is  done 
with  the  filters.  The  tube  is  then  manipu- 
lated so  that  the  bead  barely  touches 
the  skin  and  the  center  of  the  area  treated. 
Thus  the  central  ray  and  the  desired  dis- 
tance are  secured.  In  my  own  experience 
I  find  I  can  save  one  minute  in  getting 
the  desired  distance  and  the  central 
rays  for  each  area,  by  using  this  device. 
Thus,  in  each  ringworm  case  I  save  five 
minutes.  This  device  is  simple  to  make 
and  inexpensive;  it  is  particularly  useful 
to  roentgenologists  handling  big  skin  clinics. 
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FIFTH  ANNUAL  MEETING  EASTERN  SECTION  AMERICAN  ROENTGEN 

RAY  SOCIETY 

CHALFONTE-HADDON    HALL,    ATLANTIC    CITY,    N.    J.,    JANUARY    24-26,     1923. 


MEETING  OF  EASTERN  SECTION 

The  meeting  of  the  Eastern  Section  of 
The  American  Roentgen  Ray  Society  will 
be  held  at  Haddon  Hali,  Atlantic  City, 
N.  J.,  January  24,  25  and  26,  1924. 

Applications  for  hotel  reservations 
should  be  addressed  to  Chaifonte-Haddon 
Hall.  These  hotels  have  a  large  number  of 
winter  guests,  and  it  is  recommended 
that  reser\ations  be  made  early. 

Application  for  a  place  on  the  program 
should  be  addressed  to  Dr.  Thomas  A. 
Groover,  162 1  Connecticut  Ave.,  N.  W., 
Washington,  D.  C 

It  is  hoped  that  the  program  for  this 
meetmg  will  measure  up  to  the  high 
standards  of  the  past.  One  evening  will 
be  devoted  to  a  Lantern  Slide  Exhibit. 
Those  desiring  to  participate  in  this 
exhibit  should  ad\ise  Dr.  Groo\er  at  an 
early  date  of  their  intention  to  do  so, 
indicating  the  number  of  slides  to  be  shown. 

OFFICERS  OF  THE  NEW  YORK 
ROENTGEN  SOCIETY 

At  a  recent  meeting  of  the  New  York 
Roentgen  Society  the  following  ofiicers 
were  elected: 

President:  Dr.  F.  Al.  Law,  New  \'ork 
City. 

Secretary:  Dr.  T.  L.  Le  \\ald.  New  ^'ork 
City. 

Treasurer:  Dr.  John  Renier,  New  \'ork 
City. 

Member  of  Exccuti\  e  C^omniittee:  Dr.  C 
Eastmond,  BrookKii. 


REPORT  OF  THE  LEONARD  PRIZE 
COMMITTEE 

Gentlemen: 

We  have  recened  for  consideration  by 
our  Committee  for  the  Leonard  Prize, 
eleven  contributions.  All  are  of  merit.  At 
least  three  or  four  are  of  sufficient  merit 
to  justify  the  awarding  of  such  a  prize. 
Unfortunately,  the  Society  does  not  have 
the  funds  necessary  to  award  Si, 000  to 
each  one  of  the  men  who  have  con- 
tributed these  superior  papers. 

There  are  three  papers  of  very  superior 
merit,  which  are  so  close  in  Aalue  that  it 
would  be  an  injustice  to  award  the  entire 
prize  to  any  one  to  the  exclusion  of  the  others. 
Therefore,  the  Committee  has  deemed  it 
best  to  di\'ide  this  price  as  follows: 

To  Prof.  \\m.  Duane,  the  first  prize  of 
$500.00,  for  his  contribution  on  "Ionization 
Methods  of  Measuring  A-Rav  Dosage." 

To  Mr.  G.  Failla  and  ^Mrs.  E.  H. 
Quimby,  the  second  prize  of  $300.00,  for 
their  contribution  on  "The  Economics  of 
Dosimetry  in  Radiotherapy."  (From  the 
Radium  Research  Laboratory  of  the 
Memorial  Hospital.) 

To  Dr.  J.  W.  Ma\or,  the  third  prize  of 
$200.00,  for  his  contribution  on  "Studies 
on  the  Biological  Effects  of  the  A'-Rays." 

With  honorary  mention  of  the  very 
excellent  paper  by  Dr.  C.  C.  Little  and 
Dr.  H.  J.  Bagg.  "The  Occurrence  of 
Heritable  Abnormalities  in  Mice  and  Their 
Relations  to  Exposure  to  A-Rays." 

George    E.    Pfahler,    M.D. 

Frederick  Baetjer,    M.D.    Commiltee 
Geo.    W"    Hnlmes.    M.D. 
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BOOK  REVIEWS 


Clinical  Roextgenology  of  Diseases 
OF  THE  Chest.  By  H.  Wessler,  M.D., 
and  L.  Jaches,  M.D.  5-8  pages.  Trov, 
N.  Y.,  1923. 

In  no  country  Is  the  roentgen-ra\  method 
of  diagnosis  more  freely  used  than  In  Amer- 
ica. In  large  city  hospitals  probably  from 
fifty  to  seventy-five  per  cent  of  patients 
admitted  are  examined  in  this  way.  \'et, 
until  very  recent  years,  authorltathe 
and  reasonably  complete  treatises  in  the 
English  language  on  the  various  phases 
of  roentgen-ray  diagnosis  have  been  lack- 
ing. The  seeker  after  detailed  Information 
has  been  compelled  to  turn  to  the  foreign 
literature,  especially  the  German. 

Clinical  Roentgenology  of  Diseases  of 
the  Chest  by  Dr.  H.  Wessler  and  Dr.  L. 
Jaches  fills  this  long-felt  need  In  the 
roentgen-ray  field.  The  book,  however, 
hardly  requires  this  excuse  for  its  existence. 
It  Is  the  product  of  years  of  experience  of 
careful  observers  in  a  large  hospital  where 
good  work  is  carefully  checked  up.  There 
is  no  attempt  at  discussion  of  the  literature 
or  critical  consideration  of  divergent  views. 
On  controversial  points,  the  writers  state, 
they  have  not  hesitated  to  present  their 
personal  opinions,  influenced  by  the  best 
thought  on  these  questions.  Various  readers 
will  undoubtedly  find  points  on  which  their 
personal  experiences  have  led  to  opinions  dif- 
fering from  those  expressed  by  the  authors. 
Such  differences  are  stimulating  and  lead 
to  profitable  investigation  and  discussion. 

For  Instance,  In  regard  to  the  question 
of  "peribronchial"  tuberculosis,  the 
authors'  objection  to  the  diagnosis  of 
tuberculosis  from  widened  and  heavy 
bronchial  shadows  will  be  met  with  un- 
qualified approval.  The  fact  that  such 
shadows  are  frequently  the  result  of 
pulmonary  congestion  from  causes  other 
than  tuberculosis  can  not  be  too  strongly 
emphasized.  .However,  that  "peribron- 
chial" tuberculosis  does  not  exist  In  the 
sense  of  Involvement  of  the  ly-mphold- 
cell  deposits  along  the  bronchi  is  by  no 
means  proven.  In  fact,  aside  from  the 
roentgen  plate,  there  Is  considerable  ex- 
perimental e\idence  that  tubercle  bacilli 
may  get  into  the  pulmonary  lymphatics 
from   the   blood   stream   or  from   the   air. 


and,  floating  down  the  lymph  channels 
toward  the  hllum,  be  filtered  out  In  passing 
through  a  succession  of  these  little  nodes 
located  along  the  bronchi  and  arteries 
throughout  the  lung.  In  these  deposits 
the  organisms  may  gain  a  foothold  and 
begin  to  proliferate,  producing  peri- 
bronchial tuberculosis.  However,  this  very 
Interesting  question  cannot  be  discussed 
satisfactorily  here.  This  experimental  evi- 
dence Is  presented  by  Krause,^  whose 
work  is  very  Interesting  In  connection 
with  the  explanation  of  the  shadows  of 
tuberculous  lesions  as  seen  on  the  chest 
plate. 

The  subject  of  diseases  of  the  chest  is 
considered  In  ten  sections,  each  of  which, 
with  two  exceptions,  deals  with  an  anatom- 
ical subdivision  of  the  chest,  e.g.,  the 
pulmonary  vessels  and  circulation,  the 
trachea  and  bronchi,  the  lungs,  the  pleura, 
etc.  A  section  on  the  normal  lung  and  one 
on  surgical  diseases  of  the  chest  constitute 
the  two  exceptions.  The  significance  of  the 
different  variations  from  the  normal  is 
discussed  as  well  as  the  roentgen-ray 
manifestations  of  the  Aarlous  diseases  to 
which  the  structures  are  liable.  The  text 
is  profusely  illustrated  with  approximately 
two  hundred  and  forty  reproductions  of 
well-chosen,  clear  chest  plates.  Here  and 
there  are  short  abstracts  of  clinical  histories 
which  Illustrate  as  aptly-  as  do  the  half- 
tones the  points  the  authors  desire  to  make. 

In  the  roentgen-ray  study  of  the  chest 
the  authors  believe  the  fluoroscopic 
examination  to  be  of  vital  importance. 
The  screen,  however,  does  not  replace  the 
plate,  but  rather  supplements  it,  giving 
information  which  cannot  be  obtained  in 
any  other  way.  They  feel  that,  with 
occasional  exceptions,  stereoscopic  plates 
give  no  more  information  than  the  single 
plate.  They  stress  the  necessity  of  technical 
excellence  and  prefer  a  target-plate  dis- 
tance of  four  feet  to  the  usual  twenty-eight 
or  thirty  Inches,  as  there  Is  much  less 
distortion  of  shadows.  With  an  unscreened 
plate  at  this  distance  they  use  a  gas  tube 
with  a  relathely  high  voltage  and  mllll- 
amperage. 

'  Krause,  Allen  K.     Experimental  studies  on  tuberculous  in- 
fection. Am.  Rn<.  Tuht-rc,  March,  lg22.  vii,  I. 
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Richard  C.  Cabot  once  remarked  to  his 
students  that  he  believed  more  mistakes 
in  diagnosis  were  made  through  errors  in 
the  detection  of  variations  from  the  normal 
in  physical  examination  than  through 
errors  of  judgment  in  the  interpretation 
of  the  evidence  at  hand.  The  opposite 
seems  to  be  the  case  in  the  interpretation 
of  chest  plates.  It  is  usually  easier  for  the 
trained  observer  to  detect  abnormal 
shadows  than  it  is  for  him  to  interpret  these 
shadows  in  clinical  terms.  In  this  book 
such  pitfalls  are  pointed  out  and  the  neces- 
sity of  making  the  interpretation  in  the 
light  of  all  the  facts  of  the  case  is  empha- 
sized again  and  again.  This  correlation  of 
clinical  and  roentgen-ray  evidence  requires 
close  cooperation  between  clinician  and 
roentgenologist,  as  the  ideal  combination 
of  the  two  can  rarely  be  found.  Without 


this  correlation  roentgen-ray  diagnosis  will 
not  attain  its  maximum  accuracy  and 
usefulness.  The  authors  are  justly  enthu- 
siastic for  this  method  of  examination 
which  they  present  so  well,  but  their 
enthusiasm  is  tempered  with  an  intimate 
knowledge,  born  of  years  of  experience, 
of  its  limitations,  which  they  point  out  as 
frankly  as  its  successes. 

The  worst  that  can  be  said  about  this 
book  is  that  it  contains  an  unusual  number 
of  typographical  errors.  It  is  a  much- 
needed  addition  to  roentgenological  litera- 
ture. Besides  those  who  devote  their 
entire  time  to  this  field,  it  will  interest  all 
medical  men  who  have  occasion  to  turn  to 
the  roentgen-ray  method  for  help  in  the 
diagnosis  of  chest  conditions,  and  it  will 
be  a  valuable  reference  book  for  the 
medical  student. 

Ross  Golden. 


TRANSLATIONS  &  ABSTRACTS 


The  Biology  and  Radiation  Therapy  of 
Cancer.  Perthes  (Tubingen).  Abstract  of 
Proceedings  of  a  Special  Meeting  of  tlie 
German  Roentgen  Society  held  in  conjunc- 
tion with  the  Congress  of  the  German 
Gynecologic  Society  at  Heidelberg,  May  26- 
27,  1923.1 

Four  conceptions  enter  into  the  roentgen 
cure  of  cancer:  (i)  The  rays  kill  tiie  carci- 
noma cells;  (2)  the  rays  damage  the  carcinoma 
ceils,  general  and  local  resistance  of  the  organ- 
ism nullifies  them;  (3)  the  rays  stimulate  the 
connective  tissue  about  the  cancer  focus  to 
a  local  resistance;  (4)  the  rays,  by  weak  radia- 
tion of  the  body  aside  from  the  carcinoma,  or 
even  by  radiation  of  the  cancer  focus,  give 
rise  to  protective  substances. 

The  first  conception  is  to  be  rejected,  for  the 
increase  of  the  ray  does  does  not  bring  about  an 
increased  healing  effect. 

The  third  is  not  the  present  conception,  for 
circumscribed  carcinomata  are  destroyed  by 
only  local  radiation  with  the  minimum 
carcinoma  dose,  not,  however,  with  small 
"stimulant  doses"  (cutaneous  carcinoma  and 
cutaneous  metastases  from  mammary 
carcinoma). 

As  for  the  fourth  conception,  animal 
experiment  has  shown  that  weak  radiation  of 
the  whole  body  raises  the  resistance  against 
inoculation  with  mouse  carcinoma  (Murphy, 
Nakahara  and  others). 

The  second  conception  probably  lies  nearest 
the  truth.  The  injury  to  the  carcinoma  cells, 
especially  the  nuclei,  which  shortly  precedes 
the  protective  reaction  of  the  connective  tissue 
is  histologically  demonstrable  in  specimens 
excised  at  appropriate  intervals.  The  aim  of 
roentgen  therapy  is  the  greatest  possible 
damage  of  the  carcinoma  cells  and  the  greatest 
possible  preservation  of  the  resisting  power  of 
the  body. 

The  varying  sensitivity  of  various  carcinoma 
forms  is  important.  It  has  been  demonstrated 
by  many  examples.  Because  of  it,  there  can 
be  no  single  carcinoma  dose — only  a  minimum 
carcinoma  dose  (Jungling). 

How  can  one  determine  for  operable  surgical 
carcinoma  the  ratio  of  permanent  cures  for 
radiation  and  for  operation?  For  cutaneous 
carcinoma  many  permanent  cures  have  been 
observed,  yet  there  are  recidives  and  refractory 
cases:  thus,  a  woman  who  had  been  cured  of  a 
cancroid  under  the  eye  developed  one  symmetri- 
cally placed  on  the  other  side  of  the  face,  which 
strong  radiation  did  not  affect.  In  carcinoma  of 

1  From  a  manuscript  brought  from  Germany  by  Dr.  Leopold 
Jaches. 


the  lip,  radiation,  especially  in  cases  with 
metastases  to  the  lymph-nodes,  has  given 
more  recidives  than  operation.  No  permanent 
cure  has  been  attained  in  a  case  of  growth 
adherent  to  the  jaw.  The  proportion  of  five-year 
cures  from  radiation  of  definitely  operable 
carcinoma  of  the  breast  (Kronig's  material) 
lags  far  behind  the  results  of  radical  operation 
at  the  same  stage.  Cures  of  from  three  to  seven 
years'  duration  have  been  observed  by 
Haenisch,  Schiidel  and  Sudeck  in  carcinoma 
of  the  thyroid.  The  operation  cannot  furnish 
such  results.  A  good  response  to  roentgen 
radiation  without  subsequent  cure  is  frequently 
observed  in  thyroid  carcinoma.  With  the  added 
aid  of  radium,  isolated  cases  of  carcinoma  of 
the  tongue  and  of  the  rectum  have  been 
observed  to  remain  free  from  manifestations 
for  more  than  three  years,  yet  these  are  quite 
unusual  results. 

A  questionnaire  sent  to  the  German  and 
Austrian  university  surgical  clinics  has  estab- 
lished that  the  directors  are  generally  in  accord 
with  the  principle  that  operable  surgical 
carcinomata  are  to  be  treated  by  operation. 
Exceptions:  Refusal  of  operation  by  the 
patient,  certain  cases  of  cutaneous  carcinoma  in 
old  people,  carcinoma  of  the  thyroid.  The  after- 
radiation  of  cases  of  breast  carcinoma  radically 
operated  upon  is  endorsed  by  13  clinics,  and 
neglected  or  objected  to  by  13.  The  statistics 
show  in  part  a  considerable  decrease,  in  part  a 
considerable  increase  of  recidive  following 
after-radiation.  I  myself,  in  agreement  with 
Anschiitz,  oppose  the  method  employed.  In- 
tensive after-radiation  of  extensive  areas  has, 
so  far  as  can  be  recognized,  only  damage  as  its 
consequence,  manifestly  through  its  injurious 
effect  upon  the  whole  organism  and  its  powerof 
resistance.  The  clinics  which  present  statistics 
showing  improvement  (Kiel  and  Rostock) 
radiate  with  small  doses  at  long  intervals.  The 
method  of  exact  radiation  of  the  whole  danger 
zone  with  the  minimum  carcinoma  dose  must, 
at  the  present  stage  of  development,  be  shun- 
ned as  hazardous.  Preliminary  radiation  before 
operation  has  in  twenty-six  clinics  been  under- 
taken in  only  6  special  cases,  e.g.,  by  Payr  for 
the  lymphatic  drainage  area  of  lingual 
carcinoma  with  small  doses,  and  by  Schmieden 
for  carcinoma  of  the  rectum.  The  objection 
to  intensive  preoperative  radiation  because 
of  diminished  healing  power  is  not 
established,  despite  current  investigations 
(August  Mayer).  Inoperable  carcinoma,  e.g., 
of  the  lip  and  of  the  breast,  can  often  be  re- 
duced to  a  definitely  operable  stage.  Complete 
disappearance  of  inoperable  carcinoma   for  a 
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number  of  years  seldom  follows  roentgen 
radiation — tiiyroid  carcinoma  (Haenisch, 
Schaclcl  and  Sudeck  up  to  seven  years) ;  inoper- 
able regional  lymphatic  recidive  after  operation 
for  iireast  carcinoma  has  been  observed 
recidive- free  up  to  four  years  by  von  Eiselsberg, 
and  by  Gulelce  up  to  three  years!  Great 
improvement  in  inoperable  regional  lymphatic 
recidive  of  breast  carcinoma  is  not  seldom  seen. 
Death  generally  follows  from  distant  metas- 
tases. The  indications  for  radiation  treatment 
of  sarcoma  have  been  clearly  established  by  the 
work  of  Jiingling  and  Kiittner. 

Holfelder  (Frankfurt-on-iMain).  Experi- 
ence with  roentgen  therapy  of  malignant 
tumors  in  Schmieden's  Clinic.  For  three  and  a 
half  years  Schmieden's  Clinic  has  been  seeking 
to  radiate  the  tumor  region  alone  with  a  dose 
just  below  the  limit  of  tolerance  of  the  most 
sensitive  tissue  in  the  region,  with  the  greatest 
possible  protection  of  the  surrounding  struc- 
tures. The  strict  concentration  of  the  dose 
makes  the  roentgen  ray  in  a  sense  a  surgical 
cautery.  The  execution  of  this  idea  has  been 
attained  with  the  aid  of  the  Holfelder  field- 
selector.  The  finer  details  of  the  method  were 
developed  over  a  course  of  years  and  are  even 
now  by  no  means  entirely  worked  out.  But 
even  in  the  earliest  days  of  the  method  the 
treatment  of  carcinoma  became  so  much  more 
satisfactory  than  it  was  before,  that  Schmieden 
at  the  Surgical  Congress  of  192 1  and  at  the 
Frankfurt  meeting  of  the  Roentgen  Thera- 
peutic Society  committed  himself  to  an 
increased  appreciation  of  the  value  of  roentgen 
treatment.  He  stated,  however,  with  all 
emphasis,  that  operable  carcinoma  always 
calls  for  operation  and  not  for  radiation. 
Therefore  roentgen  therapy  in  Schmieden's 
Clinic  is  definitely  limited  to  cases  of  inoper- 
able carcinoma  and  as  an  adjuvant  to  the  rad- 
ical operation,  in  the  sense  of  prophylactic 
radiation  before  or  after  operation.  It  is  not 
to  be  expected  that  in  the  first  years  the 
Schmieden  Clinic  can  show  any  considerable 
percentage  of  cures  in  the  hopeless  inoperable 
cases.  A  thorough  survey  of  the  clinic  material 
for  the  years  1919,  1920  and  192 1,  with  an 
average  observation  time  of  two  and  a  half 
years  will  show  whether  the  estimate  of  the 
value  of  radiation  therapy  is  valid  or  not.  ^'et 
tlie  observation  period  is  still  too  short  to 
justify  any  final  conclusion.  Nevertheless, 
one  can  determine  in  what  direction  this  is 
leading,  and  such  a  survey  is  now  in  order, 
to  form  a  basis  for  one's  procedure.  For  the 
judgment  of  the  cases  of  cure,  the  most 
rigorous  establishment  of  the  diagnosis  is 
necessary.  Only  when  the  histologic  proof  of 
the  correctness  of  the  diagnosis  has  been  estab- 


lished in  the  clinic's  own  laboratory  by  Profes- 
sor Klose,  have  the  cured  cases  been  included 
in  the  statistics.  All  cured  cases  in  which  the 
diagnosis  may  be  ever  so  slightly  open  to  doubt 
have  been  excluded.  Consequently,  the  number 
of  lasting  cures  appears  considerably  smaller. 
But  in  spite  of  this,  the  Schmieden  Clinic  has 
continued  to  affirm  the  value  of  roentgen 
therapy  for  inoperable  carcinoma.  Still  more 
important  is  the  question  whether  the  pro- 
phylactic radiation  has  bettered  the  operative 
results  or  made  them  worse.  The  contradictory 
experiences  of  the  Tubingen  and  Kiel  clinics 
have  cast  great  confusion  over  this  matter, 
which  is  to  be  cleared  up  only  by  a  study  of  the 
technique  used.  In  the  Schmieden  Clinic 
during  the  time  under  consideration,  pro- 
phylactic radiation  was  administered  in  43 
cases  of  carcinoma  of  the  breast  operated  upon 
with  an  unquestioned  diagnosis  established 
histologically.  Of  these  patients,  30,  or  70 
per  cent,  are  living  free  from  recidi\e  after 
two  and  a  half  years.  Individual  investigation 
according  to  the  grouping  of  Steintal  indicates 
that  the  percentage  of  cures  in  Group  2  has  not 
changed.  It  is  hardlj-  to  be  considered  that 
within  the  next  half  year  the  number  will  fall 
appreciably.  Thus  my  view  is  confirmed  that 
the  prophylactic  after-radiation  of  cancer  of 
the  breast  is  a  definitely  useful  adjuvant  to  the 
operative  treatment.  During  the  same  time, 
an  attempt  at  cure  of  local  recidive  and  local  or 
distant  metastasis  of  cancer  of  the  breast  was 
made  in  32  cases.  Of  these,  5  patients  still  live 
free  from  any  manifestations.  All  these  were 
hopeless  cases  which  without  roentgen  therapy 
would  have  succumbed.  Even  in  the  fatal 
cases  there  was  a  temporary  complete  success 
in  the  majority,  so  that  some  patients  appeared 
well  up  to  two  and  a  half  years.  The  14  per 
cent  of  cures  in  this  hopeless  material  is  so 
significant  that  a  therapeutic  attempt  is  worth 
while  in  every  case.  On  the  other  hand,  the 
percentage  is  not  sufilciently  high  to  justify 
following  Kreuter  in  relying  on  roentgen  treat- 
ment sufficiently  to  give  up  the  radical  opera- 
tion for  cancer  of  the  breast  in  favor  of  the 
older  less  radical  methods.  I  emphatically 
dissent  from  Kreuter's  proposition. 

Fifty-one  confirmed  cases  of  carcinoma  of  the 
rectum  were  handled  during  the  same  time. 
Of  these,  57  per  cent  were  inoperable.  Fifteen 
patients,  or  28  per  cent,  are  living  today,  still 
well  and  recidive  free.  The  best  operation 
statistics  show  10  to  12  per  cent  of  three-year 
cures  when  the  inoperable  material  is  included. 
The  combined  method,  in  which  surgery  and 
roentgen  therapy  are  most  closely  associated, 
shows  results  more  than  twice  as  good  as  sur- 
gery alone,  for  the  two-and-a-half  year  observa- 
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tion  period.  The  roentgen  therapy  of  carcinoma 
of  the  stomach  is  still  in  the  experimental  stage, 
yet  tliere  are  found  cases  of  great  improvement, 
though  not  of  permanent  cure,  during  the 
period  under  consideration.  The  esopiiageal 
carcinoma  also  still  presents  great  difficulties, 
so  that  no  permanent  cure  has  been  attained. 
Only  the  carcinoma  of  the  thyroid  shows  mark- 
edly favorable  prognosis.  Three  cases  were 
treated,  and  all  3  patients  still  show  clinical 
cure. 

Ten  cases  of  carcinoma  of  the  tongue  were 
treated,  with  only  one  cure  that  has  lasted 
two  and  a  half  years.  This  case  appeared  at  the 
beginning  of  treatment  to  be  the  most  unfavor- 
able of  the  lot. 

Of  145  inoperable  carcinoma  exclusive  of 
cancroid,  13,  or  8.5  per  cent,  are  well  and 
recidive-free  after  two  and  a  half  years.  These 
include  a  striking  proportion  of  cases  ot 
recidive  or  metastasis.  It  seems  that  in  general, 
recidive  and  metastasis  of  carcinoma  react 
better  to  roentgen  treatment  than  the  primary 
tumor,  which  confirms  my  view  that  operable 
carcinoma,  with  the  exception  of  thyroid 
carcinoma,  should  always  be  operated  on,  and 
that  one  should  not  compromise  the  prospect 
of  surgical  cure  by  experimenting  with 
radiation. 

As  regards  sarcoma  of  connective  tissue,  the 
results  are  quite  otherwise.  Of  14  cases  in 
which  diagnostic  excision  had  been  done,  only 
2  patients  are  living  and  well  today.  In  the  same 
period  14  patients  were  treated  with  roentgen 
rays  without  any  surgical  intervention,  and 
of  these,  6  are  still  living  and  i  appears  entirely 
cured.  This  difference  clearly  indicates  the 
duty  to  warn  against  diagnostic  excision  or 
incomplete  operation  in  sarcoma,  since  the 
prospect  for  cure  is  extraordinarily  diminished 
thereby,  and  furthermore  the  diagnostic  exci- 
sion offers  the  least  help  in  the  borderline  cases. 
Roentgen  therapy  with  the  strictest  surgical 
forbearance  furnishes,  in  sarcoma  at  least,  the 
same  duration  of  cure,  but  without  mutilation, 
as  the  most  radical  and  mutilating  surgery. 
Therefore  sarcoma  cases  should  be  only  radia- 
ted and  not  operated  upon. 

In  contrast  to  the  value  of  the  radiation 
therapy  in  the  Schmieden  Clinic  with  the 
technique  using  the  Holfelder  field-selector, 
the  damage  resulting  has  been  extraordinarily 
little.  In  more  than  1,000  intensive  radiations 
with  this  technique,  only  5  cases  of  roentgen 
injury  occurred,  and  of  these,  3  were  of  only  a 
transitory  nature.  All  5  cases  are  accounted 
for  by  technical  errors  which  it  was  possible 
to  eliminate  during  the  further  development  of 
the  technique.  The  lasting  damage  was  so  slight 
that    modern    roentgen    therapy    with    correct 


technique  can  be  regarded  as  a  thoroughly  safe 
method  of  treatment. 

Rost  (Freiburg).  The  roentgen  treatment  of 
skin-cancer.  Cancer  of  the  skin  in  all  its 
manifold  forms  is  a  true  cancer,  but  of  rela- 
tively benign  character.  The  expression  "epi- 
thelioma" instead  of  "cancer"  should  not  be 
used,  but  reserved  for  benign  epithelial  tumors 
of  the  skin.  From  a  roentgen-therapeutic 
standpoint,  cancers  of  the  skin  are  to  be 
classified  as  primary  and  secondary.  The  latter 
arise  upon  the  ground  of  previously  existant 
diseases  of  the  skin,  or  as  metastases  from  can- 
cer of  internal  organs.  A  conception  which  the 
author  has  accepted  applies  to  the  secondary 
cancers:  the  "tumor  bed"  (Brock)  has  an 
unfavorable  outlook  for  cure  as  compared  with 
primary  skin-cancer  of  the  same  histological 
type.  An  exception  to  this  is  the  cancer  arising 
upon  senile  keratosis,  which  in  this  point  may 
be  regarded  as  equivalent  to  a  primarj'  growth. 

The  primary  cancers  of  the  skin  may  be 
usefully  classified  according  to  Darier  as  (i) 
prickle-cell,  (2)  basal-cell,  and  (3)  mixed 
or  metatypic.  They  are  roentgen-sensitive 
according  to  the  preponderating  type  of  cell. 
The  basal-cell  growths  are  the  most  sensitive, 
the  prickle-cell  relatively  little  so;  that  is,  in 
these  cases  we  have  the  most  failures.  The 
mixed-cell  occupy  an  intermediate  position. 
It  must  be  noted,  however,  that  the  histologic 
picture  does  not  justify  hard  and  fast  conclu- 
sions as  to  the  roentgen-sensitivity.  In  isolated 
cases  there  occur  biological  peculiarities  which 
are  still  in  part  not  understood,  in  part  refer- 
able to  characteristics  of  the  surroundings  of 
the  tumor,  the  so-called  tumor  bed  (for 
example,  carcinoma  terebrans:  carcinoma  con- 
sisting of  very  roentgen-sensitive  basal  cells, 
in  a  tumor  bed  of  bone  which  reacts  very  poorly 
to  the  ray).  With  the  skin-cancers  go  sarcoma 
and  sarcoid,  which  in  part  respond  well  to 
the  ray  (with  the  exception  of  the  melano- 
sarcoma),  but  are  rare.  In  regard  to  -  the 
treatment,  the  author  agrees  with  Perthes: 
operative  removal  is  indicated  when  this  is  tech- 
nically possible  with  a  view  to  the  cosmetic 
effect.  As  contraindications  to  operation  must 
be  considered  old  age,  definite  constitutional 
diseases  (diabetes,  hemophilia  etc.)  or  local 
disease  of  the  involved  region  of  the  skin. 
Also,  many  patients  refuse  operation  because 
of  the  belief  common  among  the  laity  that 
carcinoma  of  the  skin  is  relatively  benign. 
All  cases  which  for  these  various  reasons  are 
inoperable  are  to  be  radiated.  Roentgen  and 
radium  rays  are  by  and  large  to  be  regarded 
as  equivalent:  changing  from  one  to  the  other 
can  be  of  use  in  refractory  cases.  In  respect  to 
the  method  used,  the  author  observes  but  a  few 
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cardinal  principles:  tiie  establishment  of  a 
carcinoma  dose  he  regards  as  impossible  be- 
cause of  the  varying  biological  reactions  of 
different  cancers  to  the  ray,  but  this  does  not 
preclude  the  establishment  of  the  minimal  or 
normal  dose  which  is  based  on  experience. 
In  the  Freiburg  Skin  Clinic  the  author  uses 
for  this  30  X/3  mm.  AI  or  40  X/4  mm.  AI. 
These  doses,  not  too  frequently  repeated  as  to 
number  or  length  of  interval,  he  regards  as  the 
biologic  doses,  since  he  believes  that  they  have 
an  adequate  eflect  on  the  cancer  tissue  proper, 
without  too  much  damage  to  the  tumor  bed 
which  is,  in  respect  to  healing  the  cancer, 
already  badly  diseased.  In  the  latter  concep- 
tion, the  connective  tissue  (fibroblasts  and 
histiocytes)  and  also  the  vascular  apparatus 
play  an  important  role.  In  cases  which  are 
refractory  to  the  biologic  doses,  the  author 
radiates  intensively  with  a  deliberate  overdose, 
even  producing  roentgen  ulceration  (caustic 
dose).  Because  of  the  "fleckwise"  cfi'ect  of  the 
rays  (Rost)  this  method  does  not  protect 
completely  against  relapses;  but  in  skin  cancer, 
these  are  clinically  and  histologically  easy  to 
recognize  and  to  deal  with.  It  goes  without 
saying  that  the  roentgen  ulcer  is  not  a  pleasant 
consequence,  but  it  is  the  lesser  of  two  evils. 
The  question  of  the  value  of  radiation  of  the 
regional  lymph-nodes  (Brock)  in  demonstrated 
or  suspected  metastasis  is  not  at  present 
settled.  In  this  connection  it  may  be  pointed 
out  that  the  general  condition  of  the  patient 
plays  a  definite  role  in  the  cure  of  cancer,  and 
that  it  may  be  so  deteriorated  by  extensive 
radiation  of  the  Ij'mph-nodes  that  harm  results 
instead  of  good. 

The  author  docs  not  venture  to  give 
statistics,  since  the  literature  is  already  full  of 
incomplete  examples  which  lack  the  statement 
of  factors  necessary  for  judgment  of  the  subject 
Comparisons  are  therefore  in  no  way  possible. 
The  author  closes  with  the  hope  that  future 
communications  will  be  more  explicit  in  this 
respect,  so  that  scientific  progress  will  not 
be  more  explicit  in  this  respect,  so  that  scien- 
tific progress  will  not  be  blocked  by  obscurity 
and  inexactness. 

Opitz  (Freiburg).  The  biology  and  clinical 
aspects  of  the  roentgen  therapy  of  the  gynecol- 
ogical cancer.  The  author  recommends  a  com- 
bination of  radium  and  roentgen  treatment. 
Experiences  with  the  biologj^  of  carcinoma 
should  be  assembled.  Cancer  even  in  the  begin- 
ning is  not  a  purely  local  disease,  but  an  expres- 
sion of  a  general  or  local  disposition  upon  the 
ground  of  which  arises  the  cell-growth  which 
we  call  cancer.  We  can  hope  to  speak  of  cure, 
therefore,  only  when  the  disposition  to  cancer 
is  destroyed.  At  i)rcscnt  there  is  no  indicator  to 


show  when  this  state' is  reached.  The  author 
sees  in  the  cure  of  carcinoma  a  bioloeic  problem. 
Many  animal  experirrients  are  necessary,  but 
the  results  cannot  be  applied  in  the  raw  stage 
to  man.  There  are  great  difi^erences  to  be  con- 
sidered. The  progress  of  treatment  cannot  be 
followed  histologically  in  man,  because  remov- 
ing the  specimen  is  hazardous  to  the  patient. 
The  conception  that  a  definite  dosage,  e.g., 
the  carcinoma  dose,  is  necessarj-  to  destroy  the 
cancer  focus,  is  wrong.  The  physical  measure- 
ment of  the  ray  (Kroenig)  was  a  great  step 
forward,  but  it  does  not  sobe  the  biologic 
aspect  of  the  cancer  problem.  None  of  Kroenig's 
patients  has  remained  cured  who  received 
large  doses.  Those  of  my  own  patients  who  have 
remained  well  the  longest  have  received 
smaller  doses.  On  the  other  hand,  vigorously 
growing  carcinoma  rests  were  found  in  the  con- 
nective tissue  which  the  ray  had  rendered  com- 
pletely necrotic.  The  ray  does  not  destroy 
the  cancer  cells  only.  Aluch  rather,  it  is  a 
battle  between  the  parasitic  invading  cancer 
cells  and  the  body.  If  the  power  of  resistance  is 
not  sufficient,  the  cancer  is  the  victor.  Cancer 
can  disappear  spontaneously  (Czerny).  Skin 
carcinomata  have  been  cured  with  the  internal 
use  of  arsenic  alone  (Lassar).  Detached  cancer 
cells  are  overcome  daily  without  forming 
metastasis  in  the  blood  and  lymph-nodes.  The 
question  of  the  stimulant  eflect  on  remaining 
cancer-ncsts  is  not  solved.  The  stimulant  effect 
of  the  short  waves  is  not  recognized  by  some 
authors  (Holzknecht).  A  regular  stimulant 
effect  has  not  been  demonstrated  on  animals 
and  plants.  The  Arndt-Schulz  law  is  not  appli- 
cable with  certainty  to  the  roentgen  rays.  The 
possibility  of  stimulation  is,  however,  not 
excluded,  and  there  may  be  a  formative  stimu- 
lation in  that  cell  destruction  incites  the  sur- 
rounding tissue  to  growth  (Weigert),  perhaps 
even  also  a  functional  stimulation.  The  impor- 
tant factor  in  the  course  of  cure  is  the  growth 
of  the  connective-tissue,  but  we  do  not  know 
whether  this  is  secondary  or  primary.  In  spite  of 
their  sensitivity  in  the  living  body,  lymph  cells 
outside  the  body  are  not  killed,  as  is  shown  by 
experiments  in  vitro.  Roentgen  rays  are  thus 
no  agent  comparable  to  the  chemical  agents  in 
medicines.  It  is  certain  that  all  cells  are 
attacked  by  the  roentgen  rays,  of  course  in 
varying  degree,  it  is  not  a  matter  of  the  efTect 
on  one  kind  of  cell,  but  an  indirect  mutual 
relation  of  the  cells.  Investigation  oftheeflects 
upon  the  body  after  radiation  indicates  that  the 
manifestations  are  practically"  the  same  as 
what  we  recognize  as  symptoms  of  hypertonia 
of  the  vagus,  and  also  of  the  vegetative  nervous 
system.  The  author  has  seldom  found  vago- 
tonia   in   eanccr  patients.  The  vagus  is  most 
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active  in  youth,  and  in  this  period  there  is  no 
disposition  to  cancer.  Stimulation  of  the  vagus 
by  radiation!  Also  the  skin  reaction  is  of  signif- 
icance; marked  skin  reaction  is  to  be  avoided, 
for  these  cases  do  the  worst.  Large  skin  fields  = 
much  nerve  stimulation.  Also  an  influence  on 
tlie  vegetative  nervous  system  via  the  endo- 
crine glands  is  possible,  and  chemical  influences 
are  conceivable.  So  must  the  question  of  the 
effect  of  cholin  still  be  investigated.  Cholin  set 
free  from  the  radiated  brain  when  the  hypophy- 
sis is  radiated?  The  author  advances  the  hypo- 
thesis that  the  effect  of  radiation  is  a  stimula- 
tion of  the  vegetative  nervous  system,  the 
vagus  preponderating. 

For  the  practical  treatment,  the  proposition 
falls  under  two  heads : 

1.  Putting  an  end  to  the  carcinoma  focus, 
for  which  radium  seems  better  than  the  roent- 
gen ray.  No  overdoses,  no  damage  to  the  sur- 
rounding tissues,  large  skin-fields,  repetition  of 
small  doses. 

2.  Bringing  up  the  condition  of  the  body  to  a 
state  in  which  it  can  help  in  the  combat.  For 
this  the  roentgen  ray  is  but  one  of  many  aids 
employed. 

The  author  will  not  speak  of  curing 
carcinoma,  but  only  of  prolonging  life  without 
suffering. 

Statistics :  All  cases  were  confirmed  histolog- 
ically by  Aschoff.  From  January  i,  1 919,  to 
March  31,  1922,  150  cases  of  carcinoma  in 
which  after-data  were  had. 

90  cases,  carcinoma  of  the  cervix : 

24  operable  cases,   of  which    16  patients 
live,  8  are  dead. 

66  inoperable  cases,  of  which  29  patients 
live,  37  are  dead. 
42  cases,  carcinoma  of  the  body  of  the  uterus: 

25  operable  cases,  of  which  20  patients 
live,  5  are  dead. 

17  inoperable  cases,  of  which  5  patients 
live,  12  are  dead. 
18  cases,  carcinoma  of  the  breast: 
6  operable  cases,  of  which  2  patients  live, 

4  are  dead. 
12  inoperable  cases,  of  which  7  patients 
live,  5  are  dead. 
Werner    (Heidelberg).     The    treatment    of 
surgical    cancer    with   radioactive  substances. 
In  the  treatment  of  cancer,  radioactive  sub- 
stances are  employed  in  the  form  of  radium  or 
mesothorium,   radium   emanation  or  thorium 
X.  Some  forms  of  application  have  been  dis- 
continued; for  example,  the  intravenous  injec- 
tion of  radium  or  mesothorium  solutions  or  of 
emanation  in  physiological  saline,  because  the 
general  effect  is  too  strong  in  proportion  to  the 
on  the  tumor.  Furthermore,  the  intra-arterial 
injection,   which   is   very  efficacious,   requires 


uncommon  anatomical  conditions  for  its  execu- 
tion. Likewise  the  intratumoral  injection  of 
radioactive  emulsions  of  insoluble  salts  is  not 
feasible,  because  the  costly  substance  is  lost. 

The  extratumoral  radiation  with  distant  and 
filtered  radiant  bodies  which  are  similar  in 
effect  to  the  x-ray,  notwithstanding  the  high 
penetrative  power  of  the  7  ray  and  the  relative 
size  of  the  radiating  surfaces  which  diminishes 
the  divergence  of  the  rays,  is  superior  to  the 
cone  of  the  roentgen  rays  only  up  to  a  depth  of 
about  5  cm.  Even  massive  amounts  of  radium 
cannot  show  a  greater  effective  depth.  Thr 
reason  for  this  is  thought  to  be  that  as  the  hard- 
ness of  the  ray  increases,  the  scattering  increases 
in  comparison  with  the  absorption.  There  is  no 
certain  explanation. 

This  form  of  radiation  can  also  be  under- 
taken with  glass  capillary  tubes  filled  with 
emanation. 

The  extratumoral  radiation  by  introducing 
the  radiant  object  into  a  preformed  opening  in 
the  body  requires  great  precaution  against 
burns  in  consequence  of  the  strong  divergence 
of  the  rays.  In  many  cases  it  is  advisable  to  add 
supplementary  doses  from  outside  fields,  since 
otherwise  the  inhomogeneity  has  too  destruc- 
tive an  effect.  The  correct  summation  requires 
great  experience. 

Intratumoral  radiation,  which  formerly  was 
achieved  by  introducing  radium  tubes  through 
canals  made  by  the  cautery  or  the  trocar,  can 
now  be  accomplished  by  the  use  of  glass  capil- 
lary tubes  filled  with  emanation,  or  of  steel 
needles  containing  radium. 

While  the  dosage  for  external  radiation 
depends  upon  the  strength  of  the  source  of  the 
radiation,  the  distance,  the  size  of  the  radiating 
walls  and  the  duration  of  the  exposure,  in  intra- 
tumoral radiation  there  is  the  added  factor  of 
the  volume  of  the  tumor. 

The  biologic  effect  of  the  a  ,0,  and  7  rays  on 
tumors  is  not  markedly  different,  at  least  in 
histologic  pictures;  it  only  appears  that  the  /S 
rays  produce  somewhat  more  inflammation 
than  the  7.  Resistant  tumors  are  better  dealt 
with  by  the  puncture  method  with  ultilization 
of  the  /3  rays. 

The  so-called  "stimulant  effect"  of  weak 
radiation  upon  the  tumors  is  not  in  the  sense 
that  a  certain  dose  directly  stimulates  the 
tumor  cells ;  it  appears  much  more  as  if  a  fortu- 
itous concentration  of  the  radiation  occurs  with 
spontaneous  cyclic  variations  of  growth. 
Against  a  direct  dependence  upon  any  given 
dose  is  the  circumstance  that  weak  and  strong 
doses  quite  seldom  cause  corresponding  stimu- 
lation. When  the  radiation  is  overwhelmingly 
strong,  the  environment  of  tiie  tumor  can  suffer 
more  severely  than  the  tumor  itself.  Then  the 
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picture  of  "stimulation"  is  due  to  damage  to 
the  enveloping  tissue.  While  with  thermal 
stimuli  with  a  quite  definite  strength  of  stimu- 
lus (e.g.,  at  a  critical  temperature)  a  rapid 
growth  occurs  in  even  normal  tissue  cells  with 
a  picture  of  slight  cell  damage,  there  is  no  such 
relation  demonstable  between  strength  of 
radiation  and  tumor-cell  reaction. 

Acute  burns  as  well  as  delayed  effects  (among 
them  the  development  of  cardinoma  upon  the 
altered  skin)  are  as  great  risks  with  external 
radiation  with  radioactive  substances  as  with 
roentgen  radiation,  only  thelesser  extent  of 
the  injury  makes  the  prognosis  for  recovery 
better.  Especially  unpleasant  are  radium 
burns  in  preformed  cavities  (perforation, 
hemorrhage,  etc.). 

Preliminary  exposure  before  operations  is 
to  be  recommended  only  where  it  is  sought  to 
shrink  a  locally  inoperable  tumor,  or  to  mobil- 
ize one.  After  large  doses  the  wound  heals 
much  less  readily,  though  not  in  the  same 
degree,  in  all  parts  of  the  body.  Medium 
doses  are  better  borne,  and  are  often  used  for 
this  purpose.  Where  healing  by  first  intention 
is  absolutely  necessary,  the  preliminary  radia- 
tion is  not  recommended. 

After-radiation  following  operations  is  a 
question  only  under  certain  conditions,  for 
usually  roentgen  radiation  is  employed  on 
account  of  the  larger  fields  covered.  After 
extirpation  of  small  tumors  or  after  removal 
of  such  from  preformed  openings  (upper  jaw, 
pharynx,  etc.)  after-radiation  with  radium  is 
in  order.  In  bone-cavities  it  is  prone  to  lead  to 
wall  necrosis,  which  however  with  good  drain- 
age terminates  harmlessly.  The  only  localities 
in  which  so  far  the  application  of  radioactive 
substances  has  been  fruitful  are  as  follows: 
sarcomata  of  the  skull,  mostly  periosteal  or 
of  myelogenous  origin,  are  favorably  influenced 
as  ajrule.  The  eflect  is  similar  to  that  of  roent- 
gen rays.  Of  the  intracranial  tumors,  sarcomata 
of  the  dura  and  tumors  of  the  hypophysis  have 
been  made  to  vanish,  with  a  cure  period  of 
several  years;  in  general,  however,  the  roent- 
gen treatment  is  the  better.  The  carcinomata 
and  more  especially  the  sarcomata  of  the  naso- 
pharynx are  not  infrequently  favorably  influ- 
enced locally,  yet  they  seldom  heal  completely. 
In  retrobulbar  tumors,  especially  gliomata  and 
sarcomata,  the  cxtratumoral  radiation  is  very 
effective,  even  if  it  seldom  leads  to  a  complete 
cure,  and  is  less  dangerous  than  the  intra- 
tumoral  radiation  if  one  seeks  to  spare  the 
eye.  Doses  exceeding  the  single  skin  dose  are 
to  be  avoided. 

In  tonsillar  tumors,  especially  sarcomata, 
the  results  are  favorable  with  either  intra-  or 
extra-tumoral  radiation,  even  after  conserva- 


tive operation.  In  tumors  of  the  upper  jaw, 
operation  is  to  be  recommended  without 
qualification.  Here  the  treatment  of  recidive, 
with  cross-fire  from  the  oral  cavity  and  cheek 
externally,  gives  better  results  than  the  primary 
radiation.  Radiogenic  bone-necrosis  is  recov- 
ered from  without  harm. 

In  carcinoma  of  the  mucous  membrane 
of  the  cheek,  radiation  is  worth  just  about  |as 
much  as  operation.  Permanent  cures  are  rare, 
and  refractory  cases  of  the  extremest  sort 
occur. 

Although  carcinoma  of  the  tongue  has  been 
treated  with  apparently  permanent  cure, 
operation  is  very  much  to  be  preferred.  After- 
management  of  recidive  is  successful  only  in  a 
few  cases.  The  puncture  method  seems  better 
than  the  cxtratumoral  radiation. 

Sarcoma  of  the  floor  of  the  mouth  reacts 
favorably.  Complete  regressions  have  been 
observed  for  two  to  three  years.  Carcinoma  of 
this  region  reacts  badly. 

Circumscribed  sarcoma  of  the  lower  jaw  is 
treated  as  well  by  radiation  as  by  operation, 
especially  in  the  young. 

Sarcoma  of  the  parotid  is  accessible  to  exten- 
sive and  rapid  influence  by  treatment  with 
both  intra-  and  extra-tumoral  radiation.  Car- 
cinoma reacts  exceedingly  poorly.  Mixed 
tumors  react  relatively  well  in  their  sar- 
comatous portion,  but  complete  regression 
occurs  seldom. 

In  carcinoma  of  the  larynx  there  are  four 
methods  available:  intralaryngeal  cxtratumoral, 
extralaryngeal  cxtratumoral,  and  intratumoral 
with  or  without  laying  the  tumor  free.  The 
results  with  the  last  two  methods  are  the  best. 
If  the  tumor  is  not  laid  free,  the  needle-punc- 
ture method  is  used;  otherwise,  the  introduc- 
tion of  emanation  tubes.  '  Damage  to  the 
interior  of  the  larynx  is  to  be  avoided.  Accord- 
ing to  the  newest  American  statistics,  7  out 
of  20  operable  cancers  showed  complete 
regression  over  from  one  to  many  years;  the 
results  were  considerably  worse  with  extensive 
carcinoma,  showing  a  few  cures  lasting  several 
years. 

Struma  maligna  has  been  shown  to  respond 
especially  favorably.  Circumscribed  nodules 
are  best  suited  to  cxtratumoral  radiation, 
the  diffuse  forms  better  for  roentgen  therapy. 
Even  multiple  metastases  in  the  neighborhood 
and  in  the  mediastinum  can  be  made  to  \'anish. 
The  majority  of  other  tumors  of  the  neck,  with 
the  exception  of  branchiogenic  carcinoma,  arc 
better  tre;itcd  by  roentgen  radiation,  since  in 
this  location  the  cxtratumoral  radiation  can 
easily  cause  distant  damage  by  tangential 
rays.  The  resistant  tumors  are  therefore 
reserved  lor  radium  treatment. 
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Although  a  few  cases  of  carcinoma  of  the 
breast  have  remained  apparently  cured  for  a 
number  of  years  after  radium  treatment  and 
a  permanent  cure  appears  to  be  possible,  the 
treatment  of  choice  is  indubitabh'  surgical. 
Inoperable  and  recidiv-tumors  when  they  are 
large  and  flat  are  better  treated  with  the 
roentgen  rays;  when  they  are  circumscribed 
infiltrations  they  are  better  treated  with  radium 
either  by  cross-fire  of  intratumorally.  Tem- 
porary extensive  improvement  is  frequent, 
complete  permanent  cure  quite  rare. 

Of  the  intrathoracic  tumors  only  the  esopha- 
geal carcinoma  is  suited  to  radium  treatment. 
The  introduction  of  tubes  with  the  esophago- 
scope,  or  on  an  endless  thread  with  the  aid  of  a 
gastric  fistula  and  under  fluoroscopic  control 
is  the  best.  A  few  apparent  cures  have  lasted 
more  than  two  years;  most  cases  show 
improvement  only  for  a  year  or  a  year 
and  a  half.  There  are  many  complete  fail- 
ures. The  cases  in  which  diagnostic  excision 
was  performed  have  done  more  badly  than  the 
others. 

Of  the  intra-abdominal  tumors,  only  the 
sarcomata  of  children  have  been  favorably 
influenced  by  radium.  The  reason  lies  in  the 
lack  of  effective  range  of  radiation,  which  pre- 
vents an  adequate  dose  reaching  any  but 
an  especially  sensitive  growth. 

Somewhat  similar  has  been  the  experience 
with  the  renal  and  suprarenal  tumors,  which  in 
children  quickly  regress  under  extratumoral 
radiation. 

The  carcinoma  of  the  urinary  bladder,  which 
formerly  was  treated  with  intravesical  radium 
application  with  transitory  results,  seems  to 
react  better  to  the  puncture-introduction  of 
radium.  The  end-results  are  still  not  definitely 
established. 

Likewise  in  prostatic  and  rectal  carcinomata 
the  puncture  method  is  to  be  regarded  as  a 
step  forward,  even  if,  because  of  its  limited 
local  efi"ect,  it  cannot  often  produce  per- 
manent cure.  The  sparing  of  the  rectal  mucous 
membrane  is  of  great  importance. 

For  sarcoma  of  the  extremities,  radium  cross- 
fire is  as  valuable  in  many  cases  as  roentgen 
treatment.  The  indications  are:  (i)  A  desire  to 
avoid  amputation  until  at  least  a  test  radiation 
has  been  given,  which  may  because  of  its 
favorable  effect  make  the  amputation  unneces- 
sary; (2)  constitutional  disease  which  renders 
the  patient  a  poor  risk;  (3)  inoperability  of  the 
tumor  or  refusal  of  operation. 

The  advantage  of  treatment  with  radio- 
active substances  is  their  great  adaptability, 
in  their  various  application  forms,  to  anatomi- 
cal conditions. 

{To  be  coiicluded  in  December  issue) 


ScHALL,  W.   E.     A   new  .v-ray  spectrometer. 
J.  Rontg.  Soc,  Apr.,  1923,  xix,  50. 

The  author  refers  to  a  spectrometer  recently 
described  by  Staunig,  March  and  Fritz, 
combining,  as  it  were,  the  methods  of  Laue  and 
Braggs.  The  .v-rays  are  passed  through  a 
crystal,  and  after  reflection  has  taken  place 
on  the  internal  atomic  planes  of  the  crystal, 
the  reflected  beam  is  examined  on  a  fluorescent 
screen. 

In  applying  the  spectroscope  to  medical 
.v-ray  practice,  the  crystal  is  rotated  slowly. 
It  is  found  at  a  point  to  the  right  or  left  of  the 
central  ray — according  to  the  position  of  the 
crystal — the  reflected  beam  first  flashes  up 
quite  suddenly.  Further  rotation  of  the  crystal 
moves  the  image  produced  by  the  reflected 
beam  on  the  scale  away  from  the  central 
point  till  it  eventually  dies  out.  When  the 
image  first  apears  it  is  faint,  but  as  the  crystal 
is  rotated,  there  is  a  rapid  increase  in  intensity 
to  a  maximum,  and  then  a  fading  away.  Thus 
there  passes  before  the  eyes  on  the  fluorescent 
screen  the  spectrum  of  the  particular  .\-radia- 
tion,  which  is  being  obtained  from  the  tube. 
It  differs  from  the  spectruin  of  visible  light 
only  in  that  the  whole  of  it  cannot  be  seen  at 
once,  but  only  the  part  corresponding  to  the 
particular  wave-length  which  the  position  of 
the  crystal  at  a  particular  moment  picks  out. 
And  moreover,  the  various  wave-lengths  in 
the  spectrum  are  distinguished  only  by  the 
angle  of  incidence  and  reflection  and  not  by 
various  colors,  as  in  the  case  of  visible  light. 

The  point  at  which  the  spectrum  suddenly 
flashes  up  is  that  of  the  shortest  wave-length 
which  is  present  in  the  heterogeneous  beam 
employed.  This  is  called  Xo,  and  it  can  be 
measured  with  considerable  accuracy,  to  the 
nearest  0.005  Angstrom  unit.  And  having 
measured  this  \o,  one  has  learned  \ery  much 
about  the  radiation. 

In  the  first  place,  Duane  and  Hunt,  in 
examining  continuous  spectra  from  .v-ray 
tubes,  came  to  the  conclusion  that  the  mini- 
mum wave-length  varies  inverseh'  with  the 
voltage  applied  to  the  tube.  And  they  enunci- 
ated the  law  that  the  product  of  Xo  in  Angstrom 
units  and  the  impressed  voltage  is  a  constant, 
namely  12,358.  This  was  subsequently  found 
to  agree  with  results  obtained  from  the  law  of 
Planck  and  Einstein,  based  on  the  quantum 
theory.  The  measurement  of  Xn,  therefore,  gives 
an  absolute  value  for  the  voltage  applied  to 
the  tube. 

As  regards  roentgenography,  tables  have 
been  drawn  up  showing  which  wave-length  of 
radiation  is  most  suitable  for  various  cases 
which  are  encountered,  and  these  tables  are 
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being  enlarged  as  time  goes  on  and  experience 
is  gained. 

As  regards  radiotherapy,  the  advantage  is 
greater  still.  It  is  possible  now  to  state  definitely 
what  wave-length,  that  is  to  say,  what  quality 
of  radiation  is  employed  on  a  case,  and  so  to 
compare  the  results  more  accurately  with  other 
cases.  And  more  especially,  it  is  possible  to 
repeat  a  dose  with  very  much  greater  certainty 
than  hitherto. 

Webster,  J.  H.  The  clinical  results  of  the 
treatment  of  malignant  disease.  Lancet, 
Feb.  24,  1923,  p.  373. 

The  author  summarizes  the  present-day 
opinion  of  the  value  of  .x-ray  treatment  in 
malignant  disease. 

I.  With  few  exceptions,  every  operable 
carcinoma  should  be  operated  on,  with  prophy- 
lactic postoperative  radiation  added.  2.  In 
addition  to  postoperative  radiation,  a  single 
intensive  radiation  before  operation  is  coming 
to  be  considered  important.  3.  Practically  all 
inoperable  carcinomata  and  all  inoperable 
recurrences  should  be  radiated.  This  gives  in 
many  cases  clinical  cure;  in  others  it  results 
in  operability,  often  less  bleeding,  irritation 
and  pain,  as  well  as  limitation  of  further 
metastasis.  4.  Facial  carcinomata,  even  when 
operable,  can  well  be  treated  exclusively  by 
radiation  for  cosmetic  reasons.  5.  Sarcomata, 
as  a  rule,  should  only  be  radiated,  certainly 
in  all  cases  in  which  operation  would  cause 
considerable  bodily  mutilation.  Any  increase 
in  size  of  the  tumor  after  an  efficient  radiation 
should  not  be  considered  proof  of  failure  to 
respond:  it  is  usually  only  temporary.  (Schmie- 
den here  gives  five  essential  technical  require- 
ments.) II.  In  the  treatment  of  malignant 
tumors,  along  the  whole  line,  .v-ray  work  has 
become  superior  to  radium  treatment.  12. 
The  time  has  not  yet  come  when  comparative 
statistics  can  show  the  value  of  operation  or 
radiation. 

The  author  also  outlines  at  least  six  different 
lines  of  advance  in  the  evolution  of  radiation 
treatment,  as  follows: 

I.  In  the  engineering  and  electrical  work- 
shop, improvement  of  apparatus  in  power  and 
reliability.  2.  In  the  physical  laboratory  much 
remains  to  be  done  with  measurements  of 
dosage,  standardization,  calculation  of 
scattered  radiation  and  absorption  in  animal 
tissues  (this  is  specially  necessary  for  radium 
dosage,  as  Guilleminot  and  others  have  noted); 
the  physical  side  of  biological  radiation  effects 
— for  example,  ionization  and  osmotic  changes 
in  cells  and  fluids — rccjuircs  much  research. 
3.  In  the  postmortem  room  and  the  pathologi- 
cal  laboratory,   more   statistical   and   experi- 


mental work;  apart  from  immunity  and  gross 
animal  tumor  work,  the  histological  tissue 
reactions  to  radiation,  as  Ewing  says,  seem 
to  require  the  combined  genius  of  a  Waldeyer,  a 
Weigert,  and  a  Virchow  to  elucidate  them;  here 
new  methods  like  vital  staining  may  be  of  use; 
and  there  is  a  very  wide  range  for  biochemical 
investigation  as  to  the  radiation  effects  on 
basal  metabolism,  etc.,  and  as  to  the  role  of  the 
cell-lipoids  and  cell-decay  products,  etc.  4. 
Clinical  technique  is  a  most  important  branch 
requiring  much  further  working  out — for 
example,  anatomical  technique  of  radiation 
applications  to  different  sites  of  the  body  on 
such  lines  as  Holfelder's  in  Schmieden's  clinic, 
by  sectional  scaled  sheets  and  models  and 
graphical  representation  of  radiation  fields. 
For  the  last  year  I  have  used  scaled  drawings 
in  almost  e\'ery  case,  and  regard  this  as  essen- 
tial. Auxiliarj'  technique  such  as  diathermy, 
ionization,  radiation  stimulation  (ductless 
gland)  dosage,  or  general  minimal  repeated 
radiation  or  other  means  for  stimulating  the 
patients'  immunity  requires  much  further 
research.  5.  In  relation  to  surgery  enough  has 
already  been  said  as  to  the  necessity  and  value 
of  team-work,  and  the  best  results  have  been 
shown  so  far  in  several  important  spheres  to 
have  been  the  result  of  close  cooperation  be- 
tween surgeon  and  radiologist.  Much  still 
has  to  be  learned  as  to  the  value  of  pre-  or 
postoperative  radiation,  or  both,  and  when  the 
raying  should  be  given  in  relation  to  the  opera- 
tion, and  in  what  types  and  sites  of  lesion  one 
or  other  or  a  combined  method  is  best  for  the 
patient.  6.  Finally,  auxiliary  medical  measures 
require  much  further  investigation;  though 
about  100  substances  have  already  been  tried, 
still  in  the  sphere,  some  day,  may  be  discovered 
what  may  displace  both  surgery  and  radiation 
in  the  treatment  of  malignant  disease.  At 
present  the  general  management  of  the  cancer 
patient  is  too  often  neglected;  open  air,  exercise, 
diet  are  not  unimportant  in  recovery,  and  the 
role  of  hematinics,  colloid,  protein,  and  animal 
extract  injections  or  transfusion,  and  of  drugs 
such  as  arsenic,  iodide,  etc.,  is  little  understood 
as  yet. 

SoM.MER.  J.     Operation  for  subphrenic  abscess. 
Zentralbl.  J.  Chir.,  Feb.  10,   1923,  p.  215. 

J.  Somnicr  describes  a  method  of  deciding  by 
.v-rays  whether  a  subphrenic  abscess  is  operable 
by  the  subcostal  route  or  whether  it  will  be 
necessary  to  cross  the  pleural  cavity.  The  sub- 
costal route  is  preferable,  provided  the  abscess 
cavity  extends  downward  sufficiently  to  allow 
of  drainage  without  opening  the  general 
peritoneal  cavity.  This  point  is  determined  by 
laying  the  patient  on  the  sound  side,  with  the 
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pelvis  slightly  raised,  and  screening  antero- 
posteriorly.  In  the  case  of  gas-containing  abscess 
the  gas  will  rise  to  the  highest  part  of  the 
cavity — that  is,  toward  the  ribs  and  costal 
margin — and  the  extent  of  the  cavity  in  that 
direction  can  be  mapped  out,  assisted  by  slight 
alterations  in  the  position  of  the  patient.  In 
the  case  of  an  abscess  not  containing  gas,  it  is 
a  simple  matter  to  inject  a  little  air  with  an 
exploring  syringe,  after  withdrawing  a  corre- 
sponding amount  of  the  fluid  contents.  In  the 
case  of  a  gas-free  subphrenic  abscess  associated 
with  a  large  pleural  eff'usion  the  problem  of 
diagnosis  is  difficult.  If  the  exploring  syringe 
strikes  different  fluids  at  different  levels, 
subphrenic  abscess  may  be  presumed  with  fair 
certainty.  If  this  fails,  however,  a  quantity  of 
the  pleural  effusion  may  be  withdrawn  and 
replaced  by  air;  with  the  patient  in  the  lateral 
position  the  remainder  of  the  pleural  fluid  will 
then  fall  away  from  the  diaphragm,  and  the 
position  and  mobility  of  the  latter  may  be 
observed.  If  any  doubt  still  remains,  an  explora- 
tory puncture  may  then  be  made,  under  the 
guidance  of  the  .v-ray  screen. 

Frankel.  Combination  of  tuberculosis  with 
primarjf  or  roentgen  carcinoma  of  the 
breast.  Strablentherapie,  xii,  595. 

Female,  sixty-four  years  old.  Left-sided 
tuberculosis  of  the  breast,  histologically  demon- 
strated. After  operation,  a  fistula  occurred,  was 
treated  with  .v-rays  and  cured.  Two  months 
later  there  was  a  growth  the  size  of  a  hen's 
egg  in  the  right  breast.  Six  .v-ray  treatments 
were  given  with  a  2  mm.  aluminum  filter;  com- 
plete disappearance  of  the  tumor.  Two  years 
later  a  large  tumor,  the  size  of  a  man's  fist, 
developed  in  the  right  breast.  Repeated  .\-ray 
treatments  in  the  course  of  the  next  year. 
The  tumor  was  reduced  to  a  small  remnant 
after  each  course  of  treatment,  and  the  patient 
did  not  come  for  further  treatment  until  it 
increased  in  size  again.  In  addition,  tuberculous 
processes  in  the  neck  and  chin  were  irradiated. 
In  1920,  four  years  after  the  appearance  of  the 
first  growth  in  the  right  breast,  it  began  to 
grow  again,  was  removed  by  operation,  and 
proved  to  be  carcinoma.  The  author  considers 
the  possibility  of  the  development  of  carcinoma 
on  the  basis  of  tuberculosis  under  the  influence 
of  roentgen  radiation. 

Dawson,  Turner.  The  use  of  radium  in  the 
treatment  of  disease.  Brit.  M.  J.,  Mar.  17, 
1923,  p.  464. 

Of  malignant  affections  the  author  finds 
very  amenable  to  radium  treatment  rodent 
ulcers,  epitheliomata,  lymphosarcomata, 
spindle-celled    sarcomata,    malignant    disease 


of  the  cervix,  sarcomata  of  the  nasal  passages; 
and  of  the  non-malignant  affections,  exoph- 
thalmic goiter,  early  keloids,  and  certain  nevi. 
They  might  be  termed  first-class  subjects, 
because  they  admit,  under  favorable  conditions, 
of  actual  cure.  Under  second-class  subjects — 
meaning  thereby  conditions  which  may  be 
ameliorated  but  in  which  a  cure  can  rarelj'  be 
expected — might  be  placed  carcinomata,  lymph- 
adenomata,  and  splenomedullary  leucemia. 

Turner  has  now  treated  upwards  of  200  cases 
of  exophthalmic  goiter  by  means  of  radium 
therapy.  With  two  exceptions  all  derived  more 
or  less  benefit,  both  in  their  general  conditions 
and  special  symptoms. 

In  the  treatment  of  exophthalmic  goiter 
and  of  nevi  in  children  by  radiation,  radium 
has  the  following  advantages  as  compared  with 
the  .v-rays:  (i)  Absolutely  constant  emission 
of  rays,  and  therefore  exact  dosage  possible. 
(2)  Greater  penetration  of  its  rays,  so  that  the 
deeper  parts  are  reached.  (3)  Saving  of  time, 
as  the  radiation  is  maintained  night  and  day 
until  the  necessary  dose  has  been  administered. 
(4)  No  noisy,  exciting  apparatus,  so  that  the 
treatment  can  be  applied  at  the  bedside  without 
in  any  way  alarming  or  disturbing  the  patient. 

Levy-Dorn  and  Weinstein.  The  effect  of 
.v-ray  treatment  on  blood  pressure.  Fortschr. 
a.  d.  Geb.  d.  Roentgenstrahlen,  xxviii,  Hft.  2. 
According  to  the  authors'  experiments,  it 
is  evident  that  roentgen  radiation  in  the 
smaller  and  medium  doses  may  cause  tempo- 
rary slight  changes  in  the  blood,  and  that  these 
changes  are  more  marked  if  the  region  of  the 
nth  thoracic  vertebra — the  suprarenals — 
is  irradiated.  A  definite  rule  in  regard  to  rela- 
tion of  the  intensity  of  the  changes  to  the 
strength  of  the  dose  cannot  yet  be  formulated; 
the  stimulation  dose  for  the  suprarenals  is  not 
determined.  In  order  to  exclude  psjchic 
influences  in  the  first  examination,  apparent 
radiation  was  first  given. 

Sanv'enero,  F.  Sarcoma  successfully  treated 
by  .v-rays.  Rijorma  med..  No.  10,  p.  221. 
Sanvenero  reports  a  case  of  sarcoma  of  the 
chest  that  had  twice  recurred,  treated  by 
twelve  roentgen-ray  treatments  of  five  minutes 
each,  and  entirely  cured.  No  information  in 
regard  to  milliamperage  or  dosage  is  given, 
except  that  an  aluminum  filter  w^as  always 
used  and  the  tubes  (Miiller  water-cooled  tubes) 
were  15  cm.  distant  from  the  skin. 

Wachter.     The  influence  of  roentgen  rays  on 
gastric  secretion.  Strablentherapie,  xii,  $56. 
The  acid  values  of  the  stomach  seem  to  be 
susceptible  to  the  action  of  the  x-rays.  A  dis- 
tinct generally  applicable  rule  cannot  be  form- 
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ulated.  In  a  general  way,  however,  the  normal 
acid  values  are  diminished  through  a  pro- 
longed radiation.  On  the  other  hand,  an  acidity 
may  be  removed  through  a  stimulating  radia- 
tion. The  technique  of  the  exam5nation  is  as 
follows:  Test  breakfast,  followed  on  two  suc- 
cessive days  respectively,  by  one-fourth  ery- 
thema dose;  another  test  breakfast,  again 
followed  on  two  successive  days  by  one-fourth 
erythema  dose;  then  again  a  test  breakfast. 
Filter  3  mm.  aluminum. 

Hudson,  B.,  and  Sutton,  P.  G.  AT-ray 
examination  of  the  chest.  Lancet,  Mar.  17, 
1923,  p.  535. 

The  authors  summarize  their  remarks  by 
stating  that  an  inexpert  opinion  on  a  roentgeno- 
gram is  vaueless  and  often  misleading;  that 
many  normal  chests  show  distinct  mottling  and 
root  shadows  which  need  not  be  referable  to 
tuberculosis.  Fluoroscopic  and  plate  examina- 
tion are  essential  before  undertaking  and  during 
the  continuance  of  artificial  pneumothorax. 

ZuMPE,  H.  Changes  in  the  blood  picture  and 
its  value  in  the  prognosis  of  the  roentgen 
therapy  of  cancer.  Strablentherapie,  xii,  696. 

Zumpe  determined  the  hemoglobin  color 
index,  number  of  erythrocytes,  basophilic 
and  eosinophilic  cells.  With  respect  to  the 
leucocytes,  he  adhered  to  the  classification  of 
Schilling  into  myelocytes,  juveniles,  rod- 
nuclear  and  segment  nuclear  cells.  In  addition 
the  lymphocytes  and  large  mononuclears  were 
ascertained.  Under  normal  conditions,  the 
blood  should  contain  from  58  to  66  per  cent  of 
segment  nuclear  and  from  3  to  5  per  cent  of  rod- 
nuclear  leucocytes,  the  latter  as  transition 
forms  between  the  myelocytes  and  juveniles 
on  the  one  hand,  and  the  segment  nuclear  cells 
on  the  other.  A  "displacement  to  the  left," 
in  the  sense  of  an  increase  of  juvenile  forms, 
points  to  a  regenerative  process. 

In  the  estimate  of  the  blood  picture,  the 
patient's  constitution  and  the  type  of  disease 
must  be  taken  into  extensive  consideration,  as 
well  as  associated  diseases,  modality  and  site 
of  the  radiation.  In  malignant  tumors,  the 
change  of  the  blood  picture  goes  parallel  in  a 
general  way  with  the  gravity  of  the  disease. 
A  "displacement  to  the  left"  takes  place  in 
typical  fashion  as  in  an  immediate  sequel  of 
the  radiation,  through  a  stimulating  effect 
upon  the  blood-forming  organs,  furthermore 
as  a  repair-process  in  the  leucopcnia  which  is 
produced  by  all  radiations.  A  return  to  the 
normal  standard  of  the  blood  picture  may  be 
credited  with  a  certain  \alue  for  the 
prognosis. 


Partsch,  Fritz.  Indications  for  pneumo- 
peritoneum. Zentralbl.  J.  Cbir.,  June  24, 
1922,  p.  905. 

Attention  is  called  to  a  new^  indication  of 
pneumoperitoneum,  possessing  surgical  impor- 
tance, namely,  its  employment  before  the  extir- 
pation of  splenic  tumors.  No  matter  for  what 
indications  an  enlarged  spleen  is  to  be  operated 
upon,  the  question  of  operability  depends  upon 
the  demonstration  of  eventual  more  or  less 
solid  and  extrinsic  adhesions  of  the  splenic 
capsule  to  its  surroundings,  especially  the 
diaphragm  and  the  lateral  abdominal  wall. 
In  these  cases,  palpation  and  ordinary  roentgen 
transillumination  are  apt  to  fail,  pneumoperi- 
toneum alone  providing  accurate  information 
as  to  the  extent  of  adhesions,  so  that  its 
employment  is  urgently  recommended  before 
every  extirpation  of  the  spleen.  In  the  course 
of  the  last  six  months,  Partsch  had  three  times 
occasion  to  perform  a  splenectomy,  after 
application  of  pneumoperitoneum,  and  trans- 
illumination, on  the  day  preceding  the  opera- 
tion. These  cases  concerned  an  echinococcus 
cyst  of  the  spleen;  splenomegaly  in  portal 
venous  thrombosis,  and  in  hemolytic  icterus, 
respectively.  The  lesson  taught  by  these  cases 
was  that  pneumoperitoneum,  without  pre- 
cisely replacing  an  exploratory  laparotomy, 
may  provide  sufficient  indications,  before  the 
performance  of  splenectomy,  of  the  difficulties 
to  be  expected  at  the  operation.  The  prognosis 
of  the  intervention  is  clearly  elucidated,  as  in 
the  third  case  where  no  adhesions  were  demon- 
strable in  pneumoperitoneum  and  a  favorable 
prognosis  could  be  rendered.  In  other  cases, 
where  extensive  surface  adhesions  are  demon- 
strable, the  surgeon  may  see  sufficient  reason 
to  abandon  laparotomy.  Pneumoperitoneum 
as  a  routine  procedure  before  splenectomy  will 
reduce  the  number  of  cases  in  which  the  opera- 
tion has  to  be  stopped  on  account  of  unde- 
tachable  adhesions. 

NuRNBERGER,  L.  A'-raying  of  the  spleen  to 
control  uterine  bleeding.  Zentralbl.  J.  Gynak., 
Jan.  6,  1923. 

Of  25  patients  suffering  from  uterine  hemor- 
rhage, 18  were  permanently  relieved  by  the 
treatment.  In  2  cases  amenorrhea  persisted 
for  a  considerable  period,  which  makes  it 
appear  that  secondary  effects  are  exerted  upon 
the  ovary  (probabl\  direct  radiation?).  Eight 
of  the  patients  had  adnexal  tumors,  10,  so- 
called  functional  ovarian  hemorrhages.  In 
several  cases  the  bleeding  stopped  within  one- 
half  hour  of  the  treatment.  In  the  majority 
cessation  took  place  on  the  third  da\',  which  is 
the  day  on  which  the  coagulant  factor  reaches 
its  highest  intensity. 
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Patients  were  radiated  wiiile  lying  on  the 
side,  the  field  being  6X8  cm.  The  apparatus 
used  was  the  "Symmetry"  Coolidge  tube, 
190  kv.,  fdter  0.5  zinc  and  3.0  aluminum,  at  a 
distance  of  23  cm.  The  first  treatment  consisted 
of  1:4  H.  E.  D.  If,  as  rarely  happened,  no 
effect  was  obtained,  three  days  later  an  addi- 
tional -3  H.  E.  D.  was  given. 
BiRCH-HiRSCHFELD.     The  question  of  <'amage 

to  the  eyes  from  roentgen  irradiation.  Sirahlen- 

therapie,  xii,  565. 

Report  of  2  cases:  (i)  Repeated  intensive 
multiple-fields  radiation  of  the  left  eye,  in  a 
patient  twenty-eight  years  of  age,  for  sarcoma 
of  the  choroid.  Strong  reaction,  blepharitis 
and  conjunctivitis,  pains,  loss  of  eyelashes. 
The  cornea  looked  like  frosted  glass  covered 
with  fine  sand  grains.  The  vessels  of  the  sclera 
presented  dilatations  and  constrictions.  After 
the  fourth  radiation,  a  small  ulcer  appeared  in 
the  corner.  The  inflammatory  manifestations 
subsided  again.  (2)  Man  of  sixty-one  years  had 
been  radiated  very  intensively  five  times  within 
one  year,  on  account  of  a  small  cancroid  of 
the  upper  lid  (elsewhere,  no  detailed  state- 
ments). Every  radiation  was  followed  by  fever, 
headaches  and  reddening  of  the  eyes.  Vision 
was  gradually  lost  down  to  total  blindness. 
Findings:  Transparent  swelling  of  conjunctiva, 
greatly  congested  and  twisted  tortuous  \'essels. 
This  swollen  tissue  extended  in  part  over  the 
cornea.  The  cornea  itself  was  entirely  opaque, 
with  a  dull  uneven  surface.  The  iris  was  barely 
\isible.  The  blind  eye  was  removed  on  account 
of  extremely  severe  pains.  Examination  re- 
\ealed  glaucoma.  The  corneal  epithelium, 
which  normally  consists  of  cylindrical  basal 
cells,  was  for  the  most  part  transformed  into 
pavement  epithelium.  The  entire  cornea  was 
interspersed  with  infiltration  foci.  Gra\-e  vas- 
cular changes,  extending  to  the  retinal  vessels 
This  observation  indicates  the  need  of  caution 
in  radiations  in  the  domain  of  the  eye-ball. 

MosENTH.^L,  A.  Roentgen  appearances  of 
pyonephrosis.  Zeitschr.  J.  Urol.  1921,  xv, 
Hft.  II. 

As  pointed  out  by  Israel,  a  distinction  is 
made  in  pyonephrosis  between:  (i)  primary 
hydronephrosis  with  secondary  infection;  (2) 
primarily  inflammatory  processes  of  the  kidney 
or  the  ureter,  with  secondary  retention  of  the 
renal  products;  (3)  tuberculous  pyonephrosis, 
or  pyonephrosis  originating  through  renal 
infection  in  tuberculosis,  respectively.  From 
the  incipient  stage  on,  these  three  groups  pre- 
sent such  entirely  different  pictures  that  pyelog- 
raphy absolutely  enables  us  to  discover  from 
the  .v-ray  pictures,  even  at  the  beginning  of  the 
pathological    process,    not    only    the    existing 


dilatation  of  the  renal  cavities,  but  also  to 
recognize  almost  without  exception  the  etiolog- 
ical factor  for  the  origin  of  the  pyonephrosis. 
Lithium  iodide,  as  recommended  by  Joseph, 
probably  furnishes  the  best  and  sharpest 
contrasts. 

Revesz.  a  case  of  renal  calculi  mistaken  for 
echinococcus  cyst.  Fortschr.  a.  d.  Geb.  d. 
Rontgenstrahlen,  xxviii,  Hft.  5. 
In  the  case  of  a  medical  student,  twenty 
years  of  age,  the  .v-ray  picture  showed  in  the 
place  of  the  kidneys  two  large,  nearly  circular, 
sharply  outlined  shadow  formations,  with  a 
diameter  of  8  cm.  on  the  plate.  Echinococcus 
was  assumed,  but  the  operation  showed  the 
condition  to  be  due  to  calculi,  the  size  of  a  nut 
to  that  of  an  apple,  in  the  remarkably  large  and 
distended  renal  pelvis;  although  the  patient 
never  suffered  from  renal  colic.  The  contact 
surfaces  of  the  calculi  were  very  smooth,  and 
besides  the  two  large  stones,  there  were  three 
smaller  ones.  The  calculi  weighed  together 
225  g.  The  circumference  of  the  largest  stone 
was  20  cm. 

Blaisdell,   Frank   E.,   Sr.     Fracture  of  the 

tibial  spine.  Arch.  Surg.,  Nov.  1922,  v,  561. 

This  article  is  an  experimental  study  based 
on  cadaver  work.  There  is  not  much  in  the 
textbooks  on  fractures  of  the  tibial  spine  except 
when  occurring  as  a  complication  of  a  more 
serious  injury  to  the  knee. 

This  article  gives  a  careful  study  of  the  anat- 
omy   of   the   parts    and    details   experiments. 

In  the  course  of  his  article  the  author  gives 
the  following  definition  of  sprain  and  fracture: 

1.  A  strain  is  a  stretching  of  the  soft  parts 
with  a  minimum  amount  of  damage.  It  is  not 
recognizable  macroscopically,  causing  sub- 
jective symptoms. 

2.  A  sprain  is  a  rupture  of  the  soft  parts — 
ligaments  or  fasciae;  recognizable  by  ecchymo- 
sis,  loss  of  function  and  pain,  the  symptoms  of 
which  are  both  subjective  and  objective. 

3.  A  sprain-fracture  is,  in  the  milder  form, 
recognizable  only  by  roentgen-ray  examination; 
in  the  severer  form  it  is  recognized  as  a  part  of 
the  pathology  of  dislocation. 

In  the  milder  form  the  crucial  ligaments  are 
involved,  in  combination  with  a  strain  or 
perhaps  a  sprain  of  the  collateral  ligaments,  or 
injury  to  the  menisci;  in  the  latter  both  the 
collateral  and  crucial  ligaments  are  involved, 
with  different  degrees  of  dislocation. 

Wetzel.     Damage  from  irradiation  treatment 
with  and  without  changes  in  the  skin.  Strah- 
kntherapie,  xii,  585. 
Report  of  two  cases:  (i)  Roentgen  ulcer  in 

the  larynx  after  repeated  radiation  of  the  neck 
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from  several  sides  on  account  of  tuberculous 
lymphoma.  Ten  radiations,  with  the  exception 
of  the  last  session,  ji  unit  dose  per  field,  re- 
pectively;  at  last  i  unit  dose,  distributed  over 
nine  months.  Tracheotomy.  Death.  (2)  Necro- 
sis of  the  larger  portion  of  the  left  lobe  of  the 
liver,  after  radiation  of  an  inoperable  gastric 
carcinoma  in  a  cachetic  woman.  Perforation 
of  the  stomach  occurred  as  a  sequel  to  the 
second  radiation  with  three  fields  from  in 
front  (9:9  and  6:8  respectively)  and  two  fields 
by  way  of  the  back  with  3  mm.  aluminum  filter. 
Peritonitis  and  death.  Autopsy  findings:  Carci- 
noma in  course  of  marked  retrogression.  In  the 
opinion  of  the  pathologists,  the  disintegration 
of  the  stomach  at  the  anterior  wall  took  place 
independently  of  the  cancer.  The  necrosis  of 
the  left  lobe  of  the  liver  corresponded  to 
the  realm  of  action  of  the  crossed  fire.  The  occur- 
ence of  heaptic  necrossi  by  way  of  five  concen- 
tric small  fields  presumably  constitutes  a 
unique  observation  in  literature. 

Seitz,  Ernst,  and  Rieder,  Wilhelm.  An 
apparatus  for  the  exact  determination  of 
tlie  central  ray  in  the  roentgen  treatment  of 
rectal  carcinoma.  Zentralbl.  J.  Cbir.,  July  29, 
1922    p.  1098. 

The  radiation  of  rectal  cancer  in  the  Frank- 
fort clinics  is  usually  carried  out  by  way 
of  five  ports  of  entry  (two  abdominal  fields, 
two  sacral  fields  and  one  perineal  field). 
The  abdominal  fields  and  the  sacral  fields  are 
usually  adjusted  at  an  angle  of  about  50  degrees 
to  the  longitudinal  axis  of  the  body  in  order 
to  concentrate  the  rays  as  much  a  possible  upon 
the  tumor.  The  construction  of  the  authors' 
apparatus  provides  for  its  use  in  the  abdominal 
and  sacral  fields,  but  not  for  the  perineal  field, 
where  there  is  no  special  difficulty  of  adjust- 
ment. The  variably  high  seat  of  rectal  tumors 
has  been  taken  into  consideration  in  the  con- 
struction of  the  apparatus,  which  was  primarily 
utilized  for  the  radiation  of  carcinoma  of  the 
rectum.  However,  this  does  not  exhaust  its 
range  of  applicability,  for  this  apparatus  also 
proved  very  serviceable  in  the  treatment  of 
other  tumors  situated  on  or  near  the  surface 
of  the  trunk,  especially  when  it  was  desired  to 
reach  the  tumor  from  the  opposite  side  of  the 
body,  as  for  example,  in  a  dorsal  field  of 
mammary  carcinoma.  The  apparatus  is  based 
on  the  construction  of  a  triangle  by  means  of 
which  the  length  and  direction  of  the  central 
ray  can  be  accurately  adjusted. 

Groedel.  New  form  of  orthodiagraph.  Fortscrh. 

a.  d.  Geb.  d.  Roaitgenstrahleri,  xxvii,  Hft.  2. 

The  author  describes  the  construction  of  an 
apparatus  which  has  not  so  far  been  manu- 
factured bv  German  firms  on  account  of  the 


existing  financial  situation.  The  range  of 
utilization  of  a  similar  cross-section  designer 
(the  construction  of  which  must  be  looked  up  in 
the  original)  would  be  very  extensive.  In  the  i 
first  place,  it  would  serve  for  discovering 
the  cross-section  of  the  thorax,  with  that  of  the 
heart  and  the  large  vessels,  at  different  levels. 
In  the  same  way,  it  would  also  be  possible  to 
ascertain  the  depth  and  extent  of  pulmonary 
processes,  as  well  as  the  position  and  depth 
of  foreign  bodies  in  any  part  of  the  body,  etc.      i 

Maximow,  Alexander  A.  Studies  on  the 
changes  produced  by  roentgen  rays  in  in- 
flamed connective  tissue.  J.  Exper.  M., 
Mar.  I,  1923,  xxxvii,  319. 

The  author,  who  conducted  his  work  in  the 
Hull  Laboratory  of  Anatomy  of  the  University 
of  Chicago,  found  very  little  known  about  the 
action  of  .v-rays  upon  living  substance.  He 
began  his  experimental  work  in  1919. 

The  action  of  .v-rays  upon  inflamed  tissue 
manifests  itself  in  the  first  place  by  a  consid- 
erable depression  of  the  usual  reaction  on  the 
part  of  the  fibroblasts.  Under  normal  circum- 
stances these  elements  begin  to  divide  mitoti- 
cally  during  the  first  twenty-four  hours  and  soon      j 
form  a  layer  of  new  connective  tissue,  surround- 
ing the  foreign  body.  After  treatment  with  .v-rays      ' 
they  remain  idle,  do  not  multiply  at  all,  or  start 
very  late  and  often  the  division  is  abnormal. 
They   undergo  a  high  degree  of  pathological      1 
hypertrophy  of  protoplasm  and  nucleus.  Instead 
of  mitosis  often  amitotic  constrictions  appear  in 
the  nucleus.  The  capacity  for  collagen  formation 
seems  also  to  be  lost.  | 

Simultaneously  with  these  changes   of  the      I 
fibroblasts  an  intensive  edema  of  the  connec- 
tive tissue  surrounding  the  foreign  body  is  to      ; 
be  noted  and  in  the  immediate  neighborhood 
of  the  latter  a  thick  layer  of  net-like  clotted 
fibrinous  exudate  is  formed. 

No  distinctive  qualitative  changes  could  be  1 
found  in  the  leucocytes  and  polyblasts.  Degen-  j 
eration  was  present  here  only  to  the  same  ' 
extent  as  in  common  aseptic  inflammation. 
But  first  the  rate  and  the  duration  of  the  emi- 
gration of  all  the  cells  coming  from  the  blood 
were  increased,  and  secondly  there  was  always  a 
distinct  delay  in  the  process  of  the  common 
transformations  usually  undergone  by  the 
polyblasts  on  the  field  of  inflammation.  The 
transformation  of  the  polyblasts  into  fixed 
resting  forms  seems  above  all  to  be  delayed. 
Therefore,  even  in  late  stages,  the  tissue  is 
overcrowded  with  the  granular  special  leuco- 
cytes and  with  mostly  young,  lymphocyte-like 
polyblasts,  w  hereas  in  the  early  stages  the  local 
resting  wandering  cells  onh'  slowlj'  undergo 
mobilization. 
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Furthermore,  in  the  blood-vessels  swelling 
of  the  endothelial  cells  with  fragmentation  of 
the  nuclei  and,  in  the  striated  muscles,  degen- 
eration of  the  fibers  can  be  detected.  In  the 
latter  there  occur  partly  typical  coagulation 
necrosis,  partly  atrophy,  accompanied  by  loss 
of  striation,  separation  of  fibrillae  from  one 
another,  relati\"e  increase  of  sarcoplasm,  and 
amitotic  division  of  nuclei. 

What  the  ultimate  result  of  all  these  changes 
would  be,  is  as  yet  not  clear.  In  the  case  of 
longest  duration,  in  which  sixty  days  had 
elapsed  since  the  last  exposure,  no  distinct 
difference  could  be  found  between  the  exposed 
and  control  preparations.  Thus  one  might 
believe  that  the  cell  injuries  caused  by  the  x- 
TSLys,  and  above  all  the  inability  of  the  fibro- 
blasts to  multiply  and  to  elaborate  collagen, 
are  again  repaired  in  due  time.  However,  my 
material  is  decidedly  inadequate  in  this  respect 
and  several  cases  of  long  duration  should 
be  examined. 

It  is  surprising  that  the  results  obtained  seem 
not  to  agree  with  the  predominating  views  on 
the  action  of  x-rays  on  cells.  Apart  from  the 
endothelium  of  the  blood-vessels,  of  all  the  cells 
present  in  the  field  of  inflammation  the  fibro- 
blasts undoubtedly  are  to  be  considered  as  the 
elements  most  highly  differentiated  in  a  specific 
sense.  I  have  shown  that,  as  a  rule,  they  do  not 
round  up  in  inflammation  and  do  not  produce 
ameboid  cells,  but  remain  unchanged  in  mor- 
phology and,  through  mitotic  division,  give 
rise  to  the  new  connective  tissue.  On  the 
other  hand,  there  can  be  no  doubt  that  the 
lymphoc\i;es  and  the  polyblasts  are  to  be 
looked  upon  as  relatively  indifferent  cells, 
endowed  with  great  prospective  potencies  of 
development.  Thus  it  might  be  expected  that 
just  the  lymphocytes  of  the  inflamed  area 
would  be  affected  in  the  first  place  by  the 
rays,  as  they  are  in  the  blood-forming  organs, 
and  that  the  fibroblasts,  on  the  contrary, 
would  be  refractory. 

But  the  facts  have  proved  that  the  most  con- 
spicuous and  constant  changes  concern  the 
fibroblasts.  They  are  paralyzed  for  a  long  time 
and  made  unable  to  build  up  new  tissue. 
The  fibrinous  exudate  and  the  edema  might 
perhaps  also  depend  partly  on  a  direct  injury 
of  the  colloidal  intercellular  substance,  partly 
on  changes  of  the  endothelium  of  the  blood- 
vessels, cells  which  are  again  to  be  considered 
as  highly  differentiated. 

Noteworthy  signs  of  degeneration  could 
not  be  found  in  the  lymphocrtes  and  poly- 
blasts. But  here  again  the  necessary  early 
stages,  one  to  three  days  after  the  last  exposure, 
were  not  available;  it  is  possible  that  the  emi- 
grated lymphocytes  are  destroyed  by  the  x- 


rays  rapidly,  in  an  explosive  manner,  in 
twentj'-four  to  forty-eight  hours,  as  in  the 
lymph-nodes  or  the  thymus,  or  as  described  by 
Pautrier  in  the  chronically  inflamed  tissue  of 
the  skin  in  mycosis  fungoides.  Their  remains 
might  be  quicklj'  resorbed  and  after  the  last 
exposure  new  iymphocj'tes  would  have  time 
to  emigrate  out  of  the  blood-vessels  and  to 
pass  to  the  tissue.  However,  if  we  take  this 
for  granted,  there  remains  another  inexplicable 
fact,  concerning  the  local  resting  wandering 
cells — their  close  genetic  relationship  with  the 
lymphoc\-tes  is  beyond  doubt  and  yet  ex-posure 
to  x-rays  does  not  seem  to  affect  them.  In  this 
connection  it  may  be  stated  that  Soper  found 
that  the  reticulo-endothelial  apparatus,  whose 
cells  correspond  to  the  resting  wandering  cells, 
is  stimulated  by  small  doses  of  x-rays  and 
paralyzed  by  large  doses.  For  deciding  these 
problems  further  investigations  are  necessary. 

Wels.  The  diagnosis  and  mechanism  of 
idiopathic  elevation  of  the  diaphragm. 
Fortscbr.  a.  d.  Geb.  d.  Rontgeristrahlen, 
xxviii.  No.  2. 

The  author  reports  a  case  in  a  seven-year-old 
girl,  in  whom  it  was  demonstrated  by  means  of 
a  pneumoperitoneum  that  no  hernia,  but 
eventration,  was  present.  If  the  diaphragm  lies 
high,  pneumoperitoneum  furnishes  practically 
certain  proof  as  to  whether  the  diaphragm 
throughout  its  entire  extent  is  entirely  free 
from  the  walls  of  the  gastrointestinal  segment 
lying  in  the  thoracic  cavity.  The  gas,  insuflflated 
into  the  abdominal  cavity  presses  on  the 
upper  gastric  wall,  between  this  and  the 
diaphragm,  producing  an  effect  opposite  to 
that  of  gas  within  the  stomach.  This  makes 
possible  the  fluoroscopic  demonstration  of  the 
separation  between  the  two  organs.  Various 
conditions  might  interfere,  such  as  extensive 
adhesions  between  the  stomach  and  the  dia- 
phragm, also  such  a  high  grade  of  gastric  pneu- 
matosis that  the  pressure  within  the  stomach 
is  sufficient  to  overcome  the  intraperitoneal 
pressure  which  can  be  applied  within  the  liniits 
of  the  patient's  tolerance.  The  first  condition 
has  not  been  found  in  any  cases  coming  to 
autopsy;  whether  the  latter  condition  can  occur 
can  be  determined  only  on  further  use  of  the 
method.  In  diaphragmatic  hernia,  distinction 
must  be  made  between  true  and  false  hernia. 
The  conditions  in  true  hernia  have  not  been 
determined  by  this  method.  In  false  hernia, 
an  easily  recognized  pneumothorax  occurs  on 
induction  of  pneumoperitoneum.  Of  especial 
importance  is  the  often  large  amount  of  air 
in  the  stomach,  which  Hoffman  believes  to  be 
due  to  the  inefficient  functioning  of  the 
diaphragm    in    these    cases.    Accordingly   this 
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collection  of  air  in  tlie  stomach  has  a  further 
unfavorable  influence  on  the  eventration  by 
pressure  upon  weai<ened  diaphragmatic  muscle. 
The  author  does  not  agree  with  this  opinion. 
The  chief  etiological  factor  in  eventration 
is  the  negative  pressure  withm  the  thorax 
during  thoracic  growth,  which  the  less  resis- 
tant diaphragm  follows  more  easily  than  the 
elastic  lungs.  The  gastric  flatulence  is  not 
the  cause  but  the  result  of  eventration. 

Sgalitzer,  Max.  The  roentgen  diagnosis  of 
disease  of  the  esophagus,  especially  esopha- 
geal cancer.  Arch.  J.  klin.  Cbir.,  cxvi,  53. 

The  article  is  based  on  a  large  number  of 
cases  from  the  Eiselberg  Clinic  and  illustrated 
with  numerous  roentgenograms.  Among  the 
conclusions  are:  The  frontal  view  of  the 
thoracic  portion  of  the  eosphagus  is  adapted 
to  showing  a  great  variety  of  pathological 
conditions.  A  similar  techniqe  is  used  for  the 
roentgenological  examinations  of  the  trachea 
from  the  lateral  view.  In  incomplete  stenosis 
due  to  tumor,  a  plate  from  the  frontal  view 
with  the  patient  lying  down  is  sufTicient  to 
localize  the  lesion;  then  when  the  opaque  meal 
is  swallowed,  the  degree,  length,  and  form  of 
the  stricture  is  determined:  it  indicates  also  a 
beginning  perforation  of  the  tumor  into  the 
respiratory  passages.  Tumors  of  the  esophagus 
in  the  upper  thoracic  portion  usually  cause 
more  or  less  definite  changes  in  the  position  and 
shape  of  the  respiratory  passages.  The  frontal 
view  of  the  esophagus  makes  it  possible  to 
demonstrate  tumors  of  the  esophagus  without 
a  contrast  meal,  thus  directly  showing  their 
position  and  extent.  This  direct  demonstration 
of  these  tumors  is  due  to  the  fact  that  from  this 
position  they  show  a  greater  density  than  the 
air-containing  lungs.  The  tumors  of  the  lower 
thoracic  portion  of  the  esophagus,  which 
usually  pulsate  with  the  heart,  can  be  demon- 
strated only  shortly  after  meals.  With  further 
improvement  of  the  technique  of  operations  on 
the  esophagus,  indications  for  radical  operation 
can  be  determined  on  the  basis  of  the  situa- 
tion and  size  of  the  tumor,  as  well  as  its  relation 
to  neighboring  organs,  as  shown  by  the  roent- 
gen raj's,  with  due  regard  to  the  general  condi- 
tion of  the  patient.  The  degree  of  stenosis 
present  shows  no  relation  to  the  size  of  the 


tumor;  and  can  therefore  not  be  taken  as  an 
indication  or  contraindication  for  radical 
operation. 

Tanturri,  Domenico.  Radium  therapy  of 
rhinoscleroma.    Actinoterapia,    1921,    ii,    24. 

The  author  reports  a  case  of  extensive 
rhinoscleroma  that  entirely  covered  both  nasal 
passages  and  extended  toward  the  pharynx. 
Roentgen-ray  treatment,  continued  for  a  long 
time,  was  without  result.  In  October,  19 19, 
radium  treatment  was  begun  after  a  prelimi- 
nary excision  of  a  segment  of  the  growth  to 
give  space  for  the  radium.  In  the  course  of  four 
weeks  a  total  dosage  of  1,226  mg.  hrs.  was 
given  followed  by  complete  disappearance  of  the 
rhinoscleroma  and  no  recurrence  in  two  years. 

Beck.  Radium  treatment  of  hemangioma. 
Miinchen.  tned.  Wchjiscbr.,  1921,  No.  39, 
p.  1248. 

The  author  reports  3  cases  of  hemangioma 
still  under  treatment  with  radium,  and  3  other 
cases  in  which  treatment  was  completed.  The 
result  in  all  was  very  good.  The  course  and 
action  of  the  radiation  was  such  that  in  the 
first  eight  to  fourteen  days  there  was  a  marked 
increase  in  the  volume  of  the  angioma.  Also, 
the  skin  and  the  mucous  membrane  reacted 
to  the  intensive  radiation,  by  an  inflammatory 
reddening  and  occasionally  a  superficial  erosion, 
which,  however,  disappeared  within  a  reason- 
ably short  period  without  any  special  treatment. 
This  inflammatory  reaction  caused  no  serious 
injury  to  the  skin,  since  only  one  case  showed 
a  scar,  and  no  other  changes  in  the  skin  were 
demonstrable.  The  author  ad^•ises  no  applica- 
tion of  the  radium  within  the  tumor,  since 
percutaneous,  well-filtered  radiation  gave 
equally  good  and  perhaps  better  results.  After 
fourteen  days  more  the  tumor  became  definitely 
smaller  in  each  case.  After  a  few-  weeks  more, 
they  remained  stationary.  The  radiation  was 
long-continued  and  intensive.  The  filtration 
consisted  of  I3  mm.  lead,  i  to  2  mm.  rubber, 
and  several  layers  of  paper  or  cellulose;  there- 
fore only  the  gamma  rays,  and  of  these,  only 
the  hardest  rays,  were  used.  The  radiation 
must  be  carried  out  at  first  until  the  tumor 
enlarges,  thus  giving  a  convenient  measure  for 
dosage. 
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Gives  True  Reflection  of  Radiograph  V/ithout 
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Front  View  Small  Size  4x4 

PAT'S  APPL'D  FOR 

I.  Tension  Screw;  2.  Pedestal;  3.  Hole  in  pedestal  for  mounting 
when  platform  not  used;  4  Si  5.  Attachment  and  platform.  This 
attachment  with  little  or  no  change  can  be  adapted  to  most 
stereoscopic  stands. 

Prices  net 

4  X  4"  MIRRORS,  $75.00  4  X  8"  MIRRORS,  $100.00 

7^0  longer  an  experiment — an  accomplished  fact: 
an  optical  instrument  jor  your  stereoscopic  stand. 


Back  View  Large  Size  4x8 


The  Clear  Vision  Stereoscopic  Box  has  been  designed  and  built  optically  correct  to 
eliminate  the  front  surface  reflection  of  the  glass  when  silvered  upon  its  rear  surface. 

This  has  been  scientifically  accomplished  by  using  mirrors  silvered  on  the  front  or  first 
surface  of  the  glass.  To  protect  these  sensitive  mirrors  from  dust,  objects  and  oxidizing 
agents,  they  have  a  dust-proof  enclosure  of  clear  non-refracting  ophthalmic  glass  placed  in 
a  position  where  it  cannot  give  any  reflection  of  the  radiograph  to  the  observer's  eyes. 

The  first  surface  reflection  of  the  radiograph  fogs  and  blurs  the  second  surface  reflec- 
tion of  the  radiograph  from  5  to  15  per  cent.  Obviously  the  increased  visual  acuity  of  the 
radiograph  equals  the  elimination  of  the  fogging  and  blurring  because  of  the  increased 
accuracy  in  relief  and  detail  in  making  deductions  of  position,  shape,  siz,e  and  pathology. 

The  questions  of  those  who  have  inspected  or  are  using  the  Clear  Vision  Stereoscopic 
Box  may  be  summarized  thus :  i.  Are  the  radiographs  clearer  with  the  elimination  of  the  first 
surface  reflection?  2.  What  is  the  life  of  the  mirrors?  3.  What  is  their  commercial  value? 
The  first  has  a  positive  answer.  The  second — We  have  every  assurance  from  experi' 
mental  tests,  that  mirrors  thus  protected  will  last  for  many  years.  The  third — Multiply 
the  cost  of  your  diagnostic  x-ray  laboratory  by  the  percentage  of  your  increased  diag- 
nostic efficiency. 

Verify  the  accuracy  of  these  statements  by  a  little  observation  on:  The  landscape 
mirrored  in  a  lake  is  a  first  surface  reflection;  also  trafiic  reflected  in  a  street  window. 
This  is  easily  demonstrated  by  the  critical  roentgenologist  with  any  object  viewed  in  a 
stereoscopic  mirror  at  an  angle  of  45  degrees. 
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IMPORTANT  NOTICE 

Subscriters  will  have  noticed  the  increase  in  size  of  THE  AMERICAN  JOURNAL 
OF  ROENTGENOLOGY  &  RADIUM  THERAPY  during  the  past  few  years.  Vol.  1,  1914,  contained 
495  pages.  Vol.  IX,  1922,  856  pages,  and  the  volume  for  1923  will  be  even  larger. 
Despite  this  the  editors  have  had- to  exclude  much  splendid  material  in  order  to 
keep  within  bounds. 

There  is  no  necessity  to  explain  the  increase  in  costs  since  1914  and  we 
may  point  with  pride  to  the  fact  that  despite  this  increase,  which  ran  parallel 
with  the  doubling  in  size  of  the  Journal,  the  subscription  price  has  been  raised 
only  fl.OO,  from  $5.00  to  $5.00.  This  was  made  possible  only  by  the  support  given 
the  Journal  by  The  American  Roentgen  Ray  Society. 

Dr.  Arthur  C.  Christie  of  Washington,  D.C.,  is  to  be  editor  beginning 
January  1924.  The  plans  for  next  year  call  for  a  Journal  of  at  least  1200  pages, 
divided  into  two  volumes,  with  an  index  in  July  as  well  as  in  December.  While  it  is 
realized  that  the  Journal  is  recognized  today  as  the  leading  x-ray  journal  in  the 
world,  those  in  charge  still  feel  that  further  improvements  are  possible  and  that 
our  readers  are  entitled  to  the  very  best  that  can  possibly  be  attained.  Arrange- 
ments have  been  made  for  a  complete  abstract  department,  more  illustrations,  and 
further  improvements  in  every  department.  The  editorial  policy  will  be  a  vigorous 
one  and  it  is  expected  that  THE  AMERICAN  JOURNAL  OF  ROENTGENOLOGY .&  RADIUM  THERAPY 
will  cover  every  branch  of  the  subjects  named  in  its  title. 

After  mature  deliberation,  it  has  been  decided  that  to  do  justice  to  the 
Journal  and  to  its  readers,  the  subscription  price  from  January  1924  will  be  $10.00 
per  year.  Be  it  remembered  that  similiar  foreign  journals  giving  less  material  have 
charged  this  price  for  some  time. 

Present  subscribers,  whose  subscriptions  expire  with  the  October,  November 
or  December  1925  issues,  may  if  they  remit  propptly.  renew  their  subscriptions  until 
the  end  of  1924  by  the  payment  of  only  $10.00,  giving  them  the  last  three  numbers 
of  this  year  free — fifteen  numbers  for  the  price  of  twelve. 

It  is  hoped  that  our  readers  will  understand  that  a  special  journal  of  this 
kind  is  dependent  on  subscribers  for  its  support.  It  is  expected  that  everyone 
will  realize  that  the  additional  charge  is  for  nothing  except  increased  services 
rendered  and  it  must  be  remembered  that  at  the  $10.00  price  the  Improved  journal 
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Deep  Therapy  With  the  ^^  Snook  SpeciaP' 


A  criterion  which  is  obviously  acceptable 
to  the  roentgenologist  who  contemplates  an 
installation  for  deep  X-Ray  therapy,  is  a 
representative  list  of  users  of  a  given  make 
of  apparatus. 


The  Victor  Model  *Snook  Special"  Combina- 
tion Deep  Therapy  -  Diagnostic  Roentgen 
Apparatus  is  proving  its  merits  in  many  large 
hospitals  and  specialized  laboratories  in  this 
country.  Herewith  is  a  partial  list  of  users: 


Crossett  Hospital.  Crossett.  Ark. 

Dr.  L.  C.  Kinney,  Sp.n  Diego.  Calif. 

Soldiers  Home,  Sawtelle.  Calif. 

Bridgeport  Cily  Hospital,  Bridgeport, Conn. 

Dr.  W.  F.  Jenkins,  Columbus.  Ga. 

St.  Alphonsus  Hospital,  Boise,  Idaho 

St.  Mary's  Hospital,  Decatur,  III. 

St.  John's  Hospital,  Springfield,  111. 

St.  Francis  Hospital,  Blue  Island,  III. 

West  Suburban  Hospital,  Oak  Park,  111. 

Dr.  Harold  Swanberg,  Quincy,  III. 

Physicians*  Laboratory.  Ft.  Wayne,  Ind. 

Dr.  C.  C.  Grandy,  Ft.  Wayne.  Ind. 

St.  Luke's  Hospital,  Richmond,  Ind. 

Dr.  R.  F.  Bellaire,  Sioux  City,  Iowa 

Dr.  O.  W.  Wyatt,  Manning,  Iowa 

Or.  J,  W.  Rowntree,  Waterloo,  Iowa 


Council  Bluffs  Clinic.  Council  BIufTs,  la. 

Dr.  L.  G.  Allen,  Kansas  City,  Kans. 

Methodist  Hospital,  Goodland.  Kans. 

Dr.  Allen  Donaldson,  Carrollton.  Ky. 

Dr.  H.  G.  F.  Edwards,  Lafayette.  La. 

Dr.  S.  O.  McKinnev,  Lake  Charles.  La. 

Dr.  T.  E.  Hardy,  Waterville.  Me. 

Dr.  J.  W.  Pierson.  Baltimore.  Md. 

Huntington    Memorial    Hospital.  Brook- 
line,  Mass. 

Blodgett  Memorial  Hospital,  Grand 
Rapids,  Mich. 

Winona  General  Hospital.  Winona,  Minn. 

Dr.  J.  M.  Willis.  McCook.  Nebr. 

Dr.  L.  W.  Rork,  Hastings.  Nebr. 

Dr.  W.  A.  Schmitz.  Middletown.  N.  Y. 

Dr.  J.  E.  Stewart,  Akron.  Ohio 


Dr.  Thos.  McEIroy.  Ponca  City.  Okla. 
St.   Anthony's  Hospital,  Oklahoma  City. 

Okla. 
Multnomah  Co.  Hospital,  Portland,  Ore. 
Dr.  F.  A.  Sherrer,  Easton,  Pa. 
Dr.  G.  C.  Bird,  Philadelphia.  Pa. 
Stetson  Hospital.  Philadelphia,  Pa. 
Dr.  L.  W.  Kuser.  Gainesville,  Tex. 
Mountain  State  Hospital,  Charleston, 

W.  Va. 
St.  Mary's  Hospital.  Racine.  Wis. 
Dr.  W.H.McGuffin.  Calgary.  Alta.Can. 
Dr.  J.  C    McMillan.  Winnipeg.  Man..  Can. 
General  Public  Hospital, St.  John.  N.  B.. 

Canada 
Dr.  W.  A.  Wilkins.  Montreal. Que. .Can, 
Dr.  C.  M.  Henry,  Regina.Sask..  Can. 


W'^  fee!  sure  that  any  of  these  users  will  be  willing  to 
tell  you  frankly  what  they  have  realized  in  their  oper- 
ation of  the  '*Snook  Special,"  both  electrically  and 
niechanically;  also  regarding  the  Victor  Personalized 


Service  which  co-operates  so  effectively  tov/ard  main- 
taining the  high  efficiency  of  this  Victor  apparatus. 
Every  roentgenologist  appreciates  the  advantage  in 
working  with  a  machine  that  is  delivering  consistently. 


Our  extensive  experience  in  the  design,  manufacture  and  installation  of 
Deep  Therapy  Apparatus  will  mean  much  to  you.   Let  us  advise  with  you 

VICTOR  X-RAY  CORPORATION,  236  South  Robey  Street,  Chicago,  HI. 

Sales  Offices  and  Serrice  Stations  in  All  Principal  Cities 
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IONIZATION  METHODS  OF  MEASURING  X-RAY  DOSAGE* 

BY    WILLIAM    DUANE,    PH.D.,    SC.D. 
Harvard  University 

BOSTON,    MASS 


TN  this  paper  and  those  to  which  it 
refers  are  described  methods  of  measur- 
ing x-ray  dosage  by  means  of  ionization 
currents.  The  methods  have  the  advantage 
of  measuring,  not  the  power  or  current  put 
into  the  tube,  plus  the  voltage,  filtration, 
focal  distance,  etc.,  but  something  associ- 
ated with  the  actual  beam  of  ;c-rays 
employed.  They  measure  what  may  be 
defined  to  be  the  intensity  and  the  effective 
wave-length  of  the  .v-ray  beam  in  terms  of 
certain  absolute  units,  so  that  the  measure- 
ments may  be  compared  with  similar  ones 
made  in  other  laboratories  and  clinics. 

The  methods  have  a  further  advantage 
in  that  the  deflection  of  the  instrument  as 
read  on  a  scale  gives  the  value  at  each 
instant  of  time  of  the  intensity  of  the 
x-radiation  at  the  place  where  the  detecting 
instrument  lies.  It  is  thus  possible  to 
determine  at  any  time  during  a  treatment 
the  intensity  of  the  .x-radiation  entering 
the  patient's  skin  or  emerging  again  on 
the  other  side  of  the  body.  Further,  the 
instrument  may  be  used  to  determine  the 
percentage  of  radiation  coming  through  a 
filter  of  any  substance  or  thickness,  the 
amount  of  scattered  radiation  coming  from 
a  patient  or  from  the  filter  in  different 
positions,  etc.,  etc. 

The  paper  contains  a  few  illustrations 
of  the  many  possible  applications  of  these 
methods.  A  series  of  experiments  are 
described  illustrating  the  measurement  of 
depth  doses  in  water-phantoms.  Measure- 


ments of  the  intensity  of  the  .v-ray  beam  at 
points  at  different  distances  from  the  sur- 
face of  the  phantoms  along  the  axis  of  the 
beam  will  be  given.  By  means  of  the  iso- 
dose  charts,  the  intensity  at  any  point  in 
the  phantom  can  be  determined.  Such 
charts  should  be  mapped  out  for  each 
particular  kind  of  ^.-ray  plant  employed, 
and  also  with  varying  volumes  of  water,  so 
as  to  reproduce  as  nearly  as  possible  the 
conditions  obtaining  in  the  actual  treat- 
ments of  patients.  The  measuring  instru- 
ment described  below  enables  one  to  do 
this  with  reasonable  precision.  As  these 
charts  give  only  a  rough  estimate  of  the 
intensity  of  the  radiation  itself,  at  points 
in  the  body  of  a  patient,  and  as  so  many  of 
them  have  already  been  published  in  recent 
literature,  it  does  not  seem  necessary  to 
reproduce  similar  ones  here. 

The  paper  concludes  with  a  brief  account 
of  some  experiments  carried  on  in  our  own 
laboratory  on  the  wave-lengths  (and  there- 
fore the  penetrating  powers)  of  .v-rays 
scattered  by  various  substances.  The 
problem  of  scattered  radiation  has  become 
one  of  great  importance,  not  only  from  the 
point  of  view  of  the  patient  but  also  from 
that  of  the  operator  himself.  Our  careful 
measurements  with  an  accurate  x-ray 
spectrometer  have  revealed  the  fact  that 
scattered  radiation  contains  a  large  num- 
ber of  rays  that  are  just  as  short,  and  there- 
fore  just   as  penetrating,  as  the  primary 


rays. 

*  The  author  of  this  paper  was  awarded  first  prize,  $500.00,  in  the  Leonard  Prize  contest. 
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The  ionization  effect  of  x-rays  forms  the 
basis  of  the  methods  of  measurement 
described  in  this  paper. 

In  February,  1896,  Sir  Joseph  Thomp- 
son announced  the  discovery  of  the  fact 
that  the  x-rays  observed  the  year  before 
by  Roentgen,  when  they  pass  through  a 
gas,  make  of  it  a  conductor  of  electricity. 
Benoist  and  Harmozescu  in  France  and 
Righi  in  Italy  observed  the  same  phenom- 
enon at  about  the  same  time.  According  to 
the  researches  made  since  the  discovery 
of  this  phenomenon,  the  x-rays  split  up 
molecules  of  the  gas  into  charged  particles, 
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mm 
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Fig.  I.  Standard  ionization  chamber  with  variable  dis- 
tance between  plates. 

some  of  which  carry  positive,  and  others 
negative  charges.  The  motion  of  these 
charged  particles  or  ions,  as  they  are  called, 
through  the  other  molecules  of  the  gas, 
carries  the  electricity  through  it  and  thus 
produces  the  conductivity.  From  the  name 
of  the  charged  particles — ions — we  call  this 
phenomenon  the  ionization  of  a  gas. 

In  modern  physics  we  usually  define  the 
intensity  of  a  beam  of  rays  to  be  the 
amount  of  energy  carried  per  second 
through  a  square  centimeter  of  a  surface 
imagined  to  be  drawn  across  the  rays  per- 
pendicular to  them.  In  the  case  of  x-rays 
we  can  measure  the  amount  of  energy 
carried  by  absorbing  the  rays  and  esti- 
mating the  rise  in  temperature  of  the 
material  that  absorbs  them.  In  order  to 
do  this,  however,  we  require  exceedingly 
delicate  apparatus  and  great  skill  in  experi- 
mentation.   A    method    of  estimating  the 


intensity  of  x-rays  by  means  of  their  heat- 
ing effect  does  not  seem,  therefore,  to  be  a 
practical  method  of  estimating  dosage  for 
every-day  use,  and  we  are  forced  to 
employ,  as  a  means  of  determining  their 
intensity,  some  other  effect  produced  by 
the  rays.  At  present,  the  ionization  effect 
appears  by  far  the  best.  It  may  not  be  out 
of  place  to  mention  that  an  ionization  cur- 
rent depends  upon  the  amount  of  radiant 
energy  absorbed  by  the  gas.  This  is  an 
advantage,  for  it  is  the  energy  absorbed 
by  the  tissues  that  produces  the  effect  in 
therapy. 

The  ionization  methods  of  measuring 
x-ray  dosage  here  referred  to  have  already 
been  described  at  some  length  in  the 
American  Journal  of  Roentgenology 
(Dec,  1922,  p.  781,  and  May,  1923,  p. 
399).  We  will,  therefore,  refer  the  reader  to 
these  previous  publications  for  details. 

In  using  a  standard  ionization  chamber 
to  calibrate  other  chambers,  care  must  be 
taken  to  include  practically  ail  the  ioniza- 
tion effects  of  the  x-rays. 

In  order  to  determine  experimentally 
how  far  apart  the  plates  must  be  in  order 
to  include  practically  the  whole  amount  of 
ionization  produced  by  the  x-ray  beam,  I 
designed  the  standard  ionization  chamber 
represented  in  Figure  i .  The  plate  attached 
to  the  battery  is  movable  and  can  be 
shifted  so  as  to  vary  the  distance,  d, 
between  it  and  the  plate  joined  to  the 
galvanometer.  The  lead  end  of  the  ioniza- 
tion chamber  was  not  attached  to  the  rest 
of  the  instrument  so  that  the  hole  in  it 
could  be  shifted  in  such  a  way  as  to  allow 
the  beam  of  x-rays  to  pass  always  half- 
way between  the  plates. 

The  following  table  contains  the  deflec- 
tions of  the  galvanometer  with  the  plates 
placed  at  different  distances  apart  when 
this  ionization  chamber  was  used  in  the 
electrical  circuit. 


Distances  between  plates 
d  (cm.) 

Deflection  of  galvanom 
eter  (mm.) 

2.2 

28.2 

3 

4 

i 

7 

29.2 
30.6 
30.8 
30.4 
30.6 

In  this  experiment  the  constant  voltage 
applied   to  the   tube   amounted   to  about 


Ionization  Methods  of  Measuring  X-Ray  Dosage 


937 


200,000  volts  and  the  effective  wave- 
length was  .15  Angstrom. 

It  appears  from  the  data  contained  in 
the  table  that  no  increase  in  ionization 
current  occurs  if  the  distance  between  the 
plates  is  increased  beyond  about  4  cm. 
Hence  a  distance  of  4  or  5  cm.  between  the 
plates  suffices  to  include  the  effects  of 
substantially  all  of  the  secondary  radia- 
tion within  the  hmit  of  error  of  the 
measurements. 

In  order  to  measure  currents  a  gal\a- 
nometer  must  be  calibrated.  The  calibra- 
tion consists  in  sending  a  known  current 
through  the  instrument  and  reading  its 
deflection.  The  best  method  of  obtaining  a 
known  small  current  such  as  those  em- 
ployed in  x-ray  dosage  measurements  is  to 
use  a  standard  cell  joined  to  standard 
resistances.  The  standard  cell  and  resist- 
ances are  fastened  in  a  box  and  the  circuits 
joined  electrically  to  the  galvanometer.  A 
plug  contact  in  the  box  enables  one  to  send 
the  standard  current  through  the  instru- 
ment at  any  desired  time.  It  is  convenient 
to  have  the  standard  resistances  so  chosen 
as  to  send  a  current  through  the  galvanom- 
eter equal  to  that  which  would  be 
produced  in  the  ionization  chamber  one 
is  using,  if  the  ionization  chamber  lay  in 
an  .v-ray  beam  of  one-tenth  of  a  unit.  With 
such  an  arrangement  of  circuits  all  that  is 
necessary  in  order  to  measure  the  intensity 
of  the  x-ray  beam  in  absolute  units  is  to 
read  the  deflection  due  to  the  ionization 
chamber  and  also  that  due  to  the  standard 
cell.  Then  divide  the  former  by  the  latter 
and  multiply  the  quotient  by  one-tenth. 
The  result  is  the  intensity  of  the  x-ray 
beam  In  the  absolute  electrostatic  units. 
These  I  have  called  E  units. 

It  is  perhaps  superfluous  to  call  attention 
to  the  fact  that  in  estimating  dosage — 
erythema  dose,  for  instance — it  is  neces- 
sary to  measure  the  effective  wave-length 
of  the  beam  as  well  as  its  intensity,  for  the 
amount  of  x-ray  energy  absorbed  by  the 
tissues  depends  upon  the  wave-length. 

These  wave-length  measurements  may 
be  made  with  either  a  standard  ionization 
chamber  or  one  of  the  smaller  chambers. 
It  is  sometimes  advisable  to  standardize 
the  smaller  chamber  for  wave-length 
measurements    as    well    as    for    intensity 


measurements,  by  comparison  with  the 
standard  ionization  chamber.  If,  however, 
the  plates  in  the  chamber  are  carbon,  the 
wave-length  calibration  does  not  appear  to 
be  necessary. 

The  methods  of  estimating  the  effective 
wave-length  of  an  x-ray  beam  I  described 
in  The  American  Journal  of  Roent- 
genology for  March,  1922,  on  pages  170 
and  171,  and  also  for  December,  1922,  on 
pages  788  and  789.  It  consists  in  measuring 
(by  means  of  an  ionization  chamber,  for 
Instance)  the  fraction  of  x- radiation  that 
passes  through  a  sheet  of  copper  of  given 
thickness.  From  this  fraction  the  effective 
wave-length  may  be  read  off  by  means  of 
a  curve  which  represents  the  fractions  of 
x-rays  of  different  wave-lengths  that  pass 
through  the  plate,  the  wave-lengths  having 
been  measured  by  means  of  an  x-ray 
spectrometer.  For  details  of  the  methods 
the  reader  is  referred  to  the  above- 
mentioned  papers. 

One  important  feature  of  this  method 
lies  in  the  fact  that  the  reading  of  the 
galvanometer  gives,  not  the  total  dose 
received  by  the  patient,  but  the  intensity 
of  the  x-ray  beam  at  a  given  instant  of 
time.  In  order  to  get  the  total  dose  we 
must  multiply  the  intensity  by  the  time 
of  exposure. 

It  Is  important  to  determine  and  record 
both  the  Intensity  factor  and  the  time  fac- 
tor of  x-ray  doses;  for  many  effects  pro- 
duced by  the  rays  are  not  proportional 
simply  to  the  product  of  the  two  factors. 
It  seems  likely  from  some  recent  estimates 
of  erythema  dose  made  by  means  of 
these  ionization  chambers  that  the  erythe- 
ma produced  in  the  skin  by  x-rays  is  not 
always  proportional  to  the  product  of  the 
intensity  by  the  time  of  exposure.  Some  of 
our  recent  estimates  of  erythema  indicate 
that  if  one  reduces  the  intensity  to  one- 
half  its  value  the  time  required  to  produce 
an  erythema  must  be  more  than  double. 

The  large,  standard  ionization  chambers 
are  not  suitable  for  measurements  of  the 
Intensity  of  the  x-rays  received  by  the 
patient  during  a  treatment.  We  invari- 
ably use  one  of  the  small  ionization  cham- 
bers for  this  purpose.  We  measure  the 
intensity  of  the  rays  at  the  surface  where 
they  enter  the  patient's   body,   and  also 
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where  they  emerge.  This  gives  us  an  esti- 
mate of  the  secondary  radiation  coming 
from  the  patient's  body.  The  estimate, 
however,  is  too  low.  Estimates  may  be 
made  by  means  of  water-phantoms,  plac- 
ing the  small  ionization  chamber  in  the 
water  itself.  This  estimate  is  always  too 
high.  The  real  dose  received  by  the  patient's 
skin  lies  between  the  two.  We  have  ob- 
tained quite  variable  estimates  of  the 
secondary  radiation  from  different  patients 
made  by  measurements  taken  during 
the  treatments  themselves.  The  secondary 
radiation  appears  to  depend  not  only  upon 
the  size  of  the  portal  of  entry,  but  also 
upon  the  size  of  the  patient  and  the  shape, 
content,  etc.,  of  the  portion  of  the  body 
radiated.  In  estimating  erythema  doses  all 
these  factors  must  be  taken  into  consider- 
ation. The  safest  method  is  to  make  the 
measurements  while  the  patient  is  actually 
being  treated. 

In  many  of  the  ionization  methods  of 
measuring  dosage  one  determines  the 
ionization  current  by  timing  with  a  stop 
watch  the  passage  of  the  leaf  of  an  electro- 
scope across  a  scale.  In  methods  of  this 
kind  some  difficulty  often  arises  in  deter- 
mining whether  the  current  is  saturated  or 
not.  Very  particular  attention  should  be 
paid  to  this  point.  Other  sources  of  error 
in  such  measurements  are  mentioned  on 
pages  404  and  405  of  The  American  Jour- 
nal OF  Roentgenology  and  Radium 
Therapy,  for  May,  1923. 

As  illustrations  of  this  method,  let  us 
consider  the  following  problems:  Firstly, 
to  measure  the  intensity  and  effective 
wave-length  of  an  x-ray  beam  by  means  of 
one  of  the  standard  ionization  chambers. 
The  apparatus  ha^■ing  been  set  up,  the 
closing  of  the  standard  cell  circuit  produced 
a  deflection  of  24.5  mm.  The  ionization 
current  due  to  the  x-ray  beam  passing 
through  the  standard  ionization  chamber 
produced  an  average  deflection  of  16.  i  mm. 
On  adding  a  sheet  of  copper  having  an 
average  thickness  of  .50  mm.  the  deflection 
due  to  the  x-rays  passing  through  the 
standard  ionization  chamber  fell  to  10.4 
mm.  The  standard  cell  produced  a  current 
of  5  e.s.u.  through  the  galvanometer.  The 
volume  of  air  in  the  standard  ionization 
chamber  from  which  the  ions  came  to  the 


plate  connected  with  the  galvanometer 
was  25  cm.  Hence,  an  x-ray  beam  produc- 
ing the  same  deflection  as  that  due  to  the 
standard  cell  current  would  have  an  inten- 
sity of  5  divided  by  25,  in  other  words, 
of  0.2E.  To  get  the  actual  intensity  of  the 
x-ray  beam  we  therefore  divide  16.  i  by 
24.5  and  multiply  the  quotient  by  0.2. 
This  gives  o.  131E  as  the  intensity  of  the 
x-ray  beam  expressed  in  these  absolute 
electrostatic  units,  the  E  units. 

To  get  the  effective  wave-length  we 
divide  the  deflection  after  l^  mm.  of  copper 
has  been  added  to  the  filter,  namely,  10.4, 
by  the  deflection  before  it  was  added, 
namely,  16.  i.  This  gives  0.645.  ^ri  other 
words,  the  radiation  coming  through  the 
one-half  mm.  of  copper  amounts  to  64.5 
per  cent.  Referring  to  the  curve  represent- 
ing the  fractions  of  the  radiation  of  differ- 
ent wave-lengths  getting  through  the  one- 
half  mm.  of  copper,  we  find  that  the  effec- 
tive wave-length  is  about  0.164. 

The  intensity  and  effective  wave-length 
of  an  x-ray  beam  depend  to  a  considerable 
extent  upon  the  type  of  generator 
employed  and  the  way  in  which  it  happens 
to  be  running,  even  though  the  voltage, 
as  estimated  by  a  sphere-gap,  the  current 
through  the  tube,  the  filtration  and  dis- 
tance from  the  tube,  may  be  gi\en.  It  is 
impossible,  therefore,  to  state  accurately 
what  the  intensity  and  effective  wave- 
length of  a  beam  may  be  under  the  above- 
given  conditions.  Actual  measurements 
have  shown,  however,  that  the  intensities 
of  x-ray  beams  50  cm.  from  the  tube  after 
they  have  passed  through  2  or  3  mm.  of 
aluminum  and  with  voltages  of  80,000  to 
100,000  volts,  and  currents  through  the 
tubes  of  3  to  5  ma.  range  in  the  region  of 
intensities  between  o.  i  and  0.5  e.s.u. 

The  x-rays  from  a  tube  running  at  a  vol- 
tage in  the  neighborhood  of  200,000  volts 
with  3  or  4  ma.  passing  through  the  tube 
and  with  a  filter  of  ^i  to  i  mm.  of  copper, 
have  intensities  ranging  from  0.  i  to  0.2 
at  a  distance  of  50  cm.  from  the  target. 
Certain  types  of  commercial  machines, 
however,  produce  similar  intensities  only 
when  running  at  230,000  to  240,000  volts. 

The  efiective  wave-lengths  of  the  x-rays 
after  they  have  passed  through  2  or  3  mm. 
of   aluminum    lie    between    0.4    and    0.5° 
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Angstroms,  if  the  voltage  applied  to  the 
tube  lies  between  30,000  and  40,000  volts. 
For  voltages  between  80,000  and  100,000, 
and  with  filtration  of  3  to  4  mm.  aluminum, 
the  effective  wave-lengths  lie  between  0.2 
and  0.3°  Angstroms.  If  the  voltage  be 
raised  to  200,000  volts  or  thereabouts,  the 
.v-rays  coming  through  a  filter  of  J^^  to 
I  mm.  of  copper  have  wave-lengths  lying 
in  the  range  from  0.14  to  0.17  Angstroms. 
These  wave-lengths  are  somewhat  shorter 
than  those  of  the  characteristic  .v-rays  of  the 
tungsten  target  (namely,  .184,  .209  and 
.213).  Their  exact  positions  with  reference 
to  the  tungsten  line  spectrum  may  be 
seen  by  referring  to  the  above-mentioned 
articles  in  The  American  Journal  of 
Roentgenology  and  Radium  Therapy. 

The  effective  (or  average)  wave-length 
should  not  be  confused  with  the  shortest 
wave-length  in  the  spectrum,  which  is 
always  given  by  the  relation  VX  =  12,350, 
where  V  represents  the  maximum  voltage 
applied  to  the  tube.^ 

In  order  to  calibrate  one  of  the  small 
ionization  chambers  bj^  means  of  a 
standard  ionization  chamber,  we  need  only 
to  measure  the  same  beams  of  x-rays 
with  each  of  them.  The  ratio  of  the  galvano- 
meter's deflection  with  the  small  chamber 
to  that  with  the  standard  chamber  gives 
us  a  certain  factor,  which,  if  the  chambers 
are  properly  constructed,  is  substantially 
the  same  over  a  certain  range  of  wave- 
lengths. This  range  may  be  considerably 
increased  by  using  graphited  paper  as 
electrodes  in  the  chamber.  We  may  employ 
the  factor  in  calculating  the  intensities 
of  the  x-ray  beams.  A  more  convenient 
method,  however,  consists  In  changing 
the  resistances  in  the  standard  cell  box  so 
as  to  increase  the  current  it  sends  through 
the  galvanometer  in  the  same  ratio.  The 
quotient  found  by  dividing  the  deflection 
due  to  the  ionization  current  by  that  due 
to  the  standard  cell  may  then  be  used  in 
exactly  the  same  way  as  in  the  case  of  the 
standard  ionization  chamber. 

As  an  illustration  of  one  of  the  uses  to 
which  these  ionization  chambers  may  be 
put,  let  us  consider  the  problem  of  deter- 
mining the  depth  dose  of  x-rays  passing 
through  a  water  phantom. 

'  DUANE  and  Hijnt.  Phys.  Rev.,  Aug.,  191S.  p.  166. 


When  the  ionization  chamber  lies  in  the 
water  a  great  deal  of  radiation  passing 
through  it  comes  as  scattered  or  secondary 
radiation  from  the  water  surrounding  it. 
The  secondary  radiation  passes  through 
the  chamber  in  all  directions,  and  in  order 
to  record  the  effects  due  to  this  secondary 
radiation  it  is  desirable  to  have  an  ioniza- 
tion chamber  such  that  similar  rays  passing 
through  it  in  different  directions  produce 
at  least  approximately  the  same  ionization 
current. 

An  ionization  chamber  similar  to  that 
represented  in  Figure  2,  D,  has  been 
designed  for  depth-dose  measurements  in 
water-phantoms.'    It    consists    of   a  thin. 


Ta  galvonometer  \ 


To  battery 


Fig.  2.  Water-phantom  for  depth-dose  measurements. 

hard  rubber  box,  sealed  up  tight  and 
covered  with  a  thin  rubber  bag,  so  that  the 
water  cannot  penetrate  it.  The  electrodes 
consist  of  thin  plates  and  may  be  of 
aluminum  or  of  paper  covered  with  pencil 
marks.  A  wire  passing  through  and 
insulated  from  a  small  lead  tube  connects 
two  of  the  plates  to  a  battery,  and  another 
wire,  similarly  insulated  and  protected, 
connects  the  third,  central  plate  to  a  gal- 
vanometer. The  insulation  and  lead 
shielding  of  these  connecting  wires  are  made 
quite  small  so  as  not  to  absorb  any  more 
than  necessary  of  the  radiation  that  would 
pass  through  the  ionization  chamber  com- 
ing from  the  water  in  their  neighborhood. 
Special  experiments  have  shown  that  for 
an  ionization  chamber  constructed  in  this 
way  the  current  due  to  rays  passing 
through  it  in  various  directions  does  not 
lie  more  than  4  per  cent,  on  the  average, 

'  Am.  J.  Roentgenol.  &  Rad.  Th.,  May.  1923.  P-  399- 
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below  that  due  to  rays  passing  straight 
through  it. 

Figure  2  represents  the  water-phantom 
used  for  this  experiment.  It  consists  of  a 
wooden  box  (30  X  14  X  14  in.)  on  rollers, 
that  can  be  moved  over  the  opening  in  the 
floor,  AB,  through  which  the  x-rays  come 
from  a  tube  in  the  room  below.  A  sheet  of 
rubber,  C,  2  mm.  thick,  covers  the  opening 
in  the  bottom  of  the  box.  The  water  in  the 
box  causes  this  rubber  covering  to  sag 
slightly  and  to  take  more  or  less  the  form 
of  the  human  body.  The  rubber  may  be 
taken  to  represent  the  skin  of  a  patient. 


The  calibration  of  this  ionization 
chamber  indicated  that  if  the  deflection 
obtained  was  the  same  as  that  due  to  the 
standard  cell  which  produced  a  current  of 
5  electrostatic  units,  the  intensity  of  the 
radiation  passing  through  the  chamber 
would  be  Hoth  of  an  electrostatic  unit  of 
radiation  (Eunit). 

The  standard  cell  gave  a  deflection  of 

33-3-  ,  ,     .     . 

Without  the  water-phantom  the  ioniza- 
tion chamber  placed  at  the  level  where  the 
rubber  would  be  gave  a  deflection  of 
23.4  mm. 
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Fig.  3.  Curve  showing  depth  doses  in  a  water-phantnm. 


The  lead-covered  wires  leading  to  the 
ionization  chamber,  D,  support  it  in  any 
desired  position  in  the  water.  In  one  experi- 
ment with  this  apparatus  the  following 
data  has  been  obtained: 

Current  through  .x-ray  tube — 3  ma. 

Rough  estimate  of  voltage  by  sphere- 
gap — 175  kv. 

Effective  wave-length  measured  by  frac- 
tion of  radiation  passing  through  ]  ■>  mm. 
copper — 0.16. 

Distance  from  target  to  water-phantom 
— 85  cm. 

Depth  of  water — 19.2  cm. 

Portal  of  entry — 20  X  20  cm. 


The  ionization  chamber  just  below  the 
rubber  of  the  water-phantom  gave  a 
deflection  of  34.5  mm.  and  the  ionization 
chamber  above  the  water  in  the  phantom 
gave  a  deflection  of  2.5  mm. 

Thus,  the  intensity  at  the  level  where  the 

rubber  would  be  was  "^      X  o.i   =  0.070E 
33-3 

without  the  water-phantom. 

On  putting  the  water-phantom  in  place, 

34. «  ^ 

the  intensitv  rose  to  :';;:'  X  .1   =  0.104^, 

33-3 
representing   an   increase   in   intensity   of 
about  49  per  cent.  This  increase  came  from 
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the  secondary  radiation   produced   in  the 
phantom. 

The  intensity  just  abo\  e  the  water  in  the 

phantom  amounted  to  "'     X.i  =  0.0075E, 

that  is,  approximately  7.3  per  cent  of  that 
just  below  the  phantom. 

The  following  table  contains  the  deflec- 
tions   and    intensities    of    \-radiation    at 


phantom.  It  will  be  seen  from  the  curve 
that  the  intensity  at  the  surface  of  the 
rubber  amounts  to  about  0.116E  and  at 
10  cm.  above  the  surface  to  about  0.054E. 
The  percentage  depth  dose  amounts,  there- 
fore, to  47  per  cent  at  a  depth  of  10  cm. 
The  curve  is  nearly  horizontal  for  some 
distance  above  the  surface  of  the 
phantom. 


Quadrant  Electrometer 


amrMetey 


■jl C^y /v^Jwv/v 

Am  meter" 


==         Earth 


Fig.  4.  Diagram  of  .v-ray  spectrometer. 


different  distances  above  the  under-surface 
of  the  rubber  sheet: 


istances 
(cm.) 

Deflection 
(mm.) 

Intensity 
(E  units) 

■•3 

38.0 

.114 

2 

8 

370 

.III 

3 

5 

8 
8 

27.6 

.  104 
.083 

7 
9 

3 
3 

23-5 
19-3 

.071 
.058 

10 

3 

17.5 

.053 

1 1 
13 

3 
3 

15.5 
12.0 

.047 
.036 

14 
16 

6 
3 

lO.O 

7.8 

.030 
.023 

18 

3 

5.0 

.015 

The  curve  in  Figure  3  has  been  drawn 
from  the  data  of  the  above  table  and  repre- 
sents the  decrease  in  intensity  of  .x-rays  on 
passing  upward  through  the  water  in  the 


THE  WAVE-LENGTHS  OF  SCATTERED  X-RAYS 

Recent  investigations  of  the  distribution 
of  intensity  of  x-radiation  throughout 
water-phantoms,  etc.,  have  emphasized 
the  importance  of  secondary  and  scattered 
x-rays.  Perrin,  in  1897,  early  in  the  history 
of  x-rays,  discovered  the  secondary  radia- 
tion coming  from  substances  on  which 
,v-rays  fall.  The  question  as  to  whether  or 
not  these  secondary  rays  are  as  penetrating 
as  the  primary  rays  is  one  of  great  impor- 
tance to  the  roentgenologist,  not  only  on 
account  of  their  influence  on  the  distribu- 
tion of  radiation  in  a  patient's  body,  but 
also  from  the  point  of  view  of  the  pre- 
cautions that  should  be  taken  to  protect 
the  operator  himself. 

Recently,  Dr.  Clarke,  Dr.  Breit  and  the 


942 


Ionization  Methods  of  Measuring  X-Ray  Dosage 


writer  have  been  investigating  this  prob- 
lem by  means  of  the  .v-ray  spectrometer.' 
We  have  been  studying  the  wave-lengths 
of  the  x-rays  scattered  from  various  sub- 
stances. In  general,  short  .\-rays  are  more 
penetrating  than  longer  ones.  Further, 
the  .v-ray  spectrometer  furnishes  us  with 
the  most  accurate  method  of  estimating  the 
quality^of  radiation.  Wave-lengths  can  be 
measured  with  far  greater  precision  than 
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Fig.  5.  The  a  lines  in  the  spectrum  of  the  .\-rays  coming 
directly  from  the  target. 

can  absorption  coefficients.  As  the  follow- 
ing experiments  indicate,  we  have  found 
that  the  scattered  radiation  from  a  great 
variety  of  chemical  elements  contains  a 
large  amount  of  radiation  of  exactly  the 
same  wave-length  as  the  primary  rays. 
This  means  that  the  scattered  radiation 
contains  a  large  number  of  .v-rays  of  the 
same  penetration  as  the  primary  rays. 
The  scattered  radiation  consists  of  longer 
waves  than  the  primary,  also;  that  is  to 
say,  .v-rays  of  very  much  less  penetration 
than  the  primary.  But  the  fact  that  the 
scattered  radiation  contains  a  large  amount 
of  radiation  of  the  same  wave-length  and 

'  For  details  see  Proc.  Nat.  Acad.  Sc,  Dec,  1923. 


penetration  as  the  primary  radiation  means 
that  corresponding  precautions  must  be 
taken  for  the  protection  of  the  operator, 
etc' 

Our  experiments  on  the  secondary  radia- 
tion consisted  of  two  parts:  In  the  first 
part  we  measured  the  wave-lengths  of  the 
.x-rays  coming  from  the  tungsten  target 
of  the  Coolidge  x-ray  tube. 

Figure  4  represents  the  arrangement 
of  the  apparatus.  The  rays  from  the  target 
T  of  the  x-ray  tube  pass  through  a  hole  in  a 
brick  wall  and  then  strike  a  crj-stal 
mounted  on  the  table  of  the  x-ray  spec- 
trometer. The  planes  in  the  crystal  con- 
taining its  atoms  reflect  x-rays  having 
wave-lengths  given  by  the  formula 

nX  =  2d  sin  d, 

according  to  Braggs'  law.  The  reflected 
rays  entering  the  ionization  chamber  rep- 
resented in  the  figure  produce  a  current 
which  the  quadrant  electrometer  measures. 
The  curves  in  Figure  5  give  the  ionization 
currents  at  different  angles  of  incidence,  6. 
The  peaks  on  the  curves  represent  the 
a  lines  in  characteristic  spectrum  of  the 
tungsten  target.  They  have  been  measured 
on  both  sides  of  the  zero  of  the  instrument. 
The  angles  (half  the  angles  measured  from 
the  peaks  on  one  side  to  the  corresponding 
peaks  on  the  other)  substituted  in  the 
above  formula  give  for  their  wave-lengths 
the  following  values:  for  the  peak  ai  X  = 
0.209  ^"d  for  the  peak  a-i  X  =  0.213 
Angstroms. 

In  the  second  part  of  the  experiment  we 
measured  the  wave-lengths  of  the  x-rays 
scattered  from  various  materials.  We 
employed  exactly  the  same  spectrometer 
set  up  in  exactlj'  the  same  way  as  in  the 
first  part  of  the  experiment.  We  placed 
the  x-ray  tube  in  a  vertical  position, 
however,  and  shifted  it  to  one  side  (as 
represented  by  Fig.  6)  so  that  none  of 
the  rays  coming  from  the  tube  could  pass 
through  the  hole  in  the  brick  wall.  As  an 
additional  precaution,  a  lead  screen  was 
placed  between  the  tube  and  the  first  slit, 
as  represented  by  A  in  Figure  6,  so  that 
none  of  the  rays  from  the  tube  could 
strike  the  first  lead  slit.   The  substance 

'  See  thel  researches  by  A.  H.  COMPION,  Bull.^Xat.  Research 
Council,  Oct.,  1922,  p.  16;  Phys.  Rev..  May.  1923,  p.  483  and 
June.  1923,  p.  715. 
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producing  the  secondary  rays  was  placed 
in  line  with  the  hole  in  the  wall  at  B.  With 
this  arrangement  of  the  apparatus  the 
secondary  rays  from  B  alone  could  pass 
through  the  wall  and  enter  the  spectro- 
meter. The  readings  of  the  spectrometer, 
therefore,  measured  the  radiation  given  off 
from  the  substance  B  as  secondary  ravs  only. 


tion.  The  peaks  on  the  curves  in  Figure  7 
occur  at  sensibly  the  same  angles  as  those 
in  Figure  5.  Hence  the  wave-lengths, 
calculated  from  their  positions  by  means 
of  the  above  equation  are,  within  the 
limits  of  error  of  measurements,  the 
same  as  those  of  the  primary  rays.  The 
secondary   radiation,   therefore,   from  the 
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Fig.  6.  Arrangement  of  tube  and  radiator  for  spectrum 
of  scattered  rays. 

The  cur\es  in  Figure  "  give  the  ioniza- 
tion currents  for  different  positions  of  the 
crystal  under  these  experimental  condi- 
tions. We  notice  that  the  shapes  of  the 
cur\'es  are  substantially  the  same  as  those 
in  the  first  part  of  the  experiment,  although 
the  peaks  are  not  so  completely  separated 
from  each  other.  In  other  words,  the 
secondary  radiation  has  substantially  the 
same  characteristics  as  the  primary  radia- 
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Fig.  7.  The  a  lines  in  the  spectrum  of  the  x-rays  scat- 
tered from  carbon. 

substance  B  fin  this  case  carbon)  contains 
a  large  amount  of  radiation  of  the  same 
wave-length,  i.e.,  of  the  same  penetration, 
as  the  primary  rays. 

Similar  results  have  been  obtained  for  a 
variety  of  scattering  substances  containing 
chemical  elements  other  than  carbon — for 
instance,  oxygen,  aluminum,  sulphur,  po- 
tassium, copper,  iodine,  barium,  lanthan- 
ium,  praseodymium  and  neodymium. 
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AT  PRESENT  the  mode  of  action  of 
radiation  on  the  cancer  patient  is 
practically  unknown.  Some  maintain  that 
the  primary  object  of  irradiation  is  to 
destroy  the  cancer  tissue  directly,  while 
others  assert  that  the  destruction  of  the 
neoplasm  is  brought  about  indirectly  by 
the  reaction  of  the  normal  tissue  surround- 
ing it.  Whatever  the  mechanism  may  be 
which  brings  about  the  regression  and 
eventual  disappearance  of  the  tumor,  it  is 
evident  that  a  certain  dose  of  radiation 
must  be  administered  to  the  patient, 
whether  the  tumor  or  any  other  part  of 
the  body  be  irradiated.  It  is  for  the  clinician 
to  decide  what  this  dose  shall  be,  and  how 
the  radiation  should  be  distributed  within 
the  tissues.  In  general  there  are  several 
ways  of  fulfilling  his  requirements,  one  of 
which,  however,  is  the  most  economical. 
In  the  present  paper  experimental  data 
are  presented  which  enable  the  radiologist 
to  determine  the  relative  amount  of  radia- 
tion at  any  tissue  depth  for  different  condi- 
tions of  treatment,  and  to  administer  it  in 
the  most  economical  way. 

The  progress  of  radiation  therapy  de- 
pends in  a  large  measure  on  the  judgment 
of  the  radiologist  as  to  the  results  he 
obtains  from  treatments  given  under 
definite  conditions.  First  of  all,  he  must 
have  a  good  knowledge  of  neoplasms  and 
their  natural  course.  Then  he  must  be 
familiar  with  the  accepted  methods  of 
treatment  and^the  results  obtained  there- 
by. ItVis.  only  ithen  that  he  can  form  an 
idea  of  the  efficacy  of  the  particular  treat- 
ments which  he  gives.  This  is  really  self- 
evident,  and  need  not  be  discussed  further. 
We  shall  assume  that  the  radiologist 
possesses  these  requisites,  and  that,  there- 
fore, he  is  properly  equipped  to  form  a  just 
estimate  of  the  results  which  come  under 
his  observation.  No  radiologist,  however, 
can  be  expected  to  draw  the  correct  conclu- 
sions from  previous  treatments  and  use  the 
information  thus  obtained  as  a  guide  in  his 
present  work,  unless   he  can  rely  on  his 

*  The  authors  of  this  paper  were  awarded  second  prize 
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machine  to  deliver  the  same  dose  of 
radiation  under  the  same  conditions.  The 
modern  American  .v-ray  machines,  judici- 
ously handled,  are  quite  reliable  in  this 
respect,  so  that  the  handicap  of  uncertain 
radiation  is  not  serious.  In  fact,  it  can  be 
overcome  entirely  by  taking  the  proper 
precautions.  We  may  conclude,  then,  that 
the  radiologist  on  whom  the  further  devel- 
opment of  radiation  therapy  depends, 
possesses  the  proper  knowledge  of  cancer 
and  has  at  his  disposal  a  reliable  source 
of  radiation. 

These  requisites  alone,  however,  will  not 
lead  to  rapid  progress.  In  addition  the 
radiologist  must  have  quantitative  data 
which  give  him  a  rational  basis  for  his 
treatments  and  clinical  observations.  What 
are  the  data  which  he  needs?  Our  present 
knowledge  does  not  permit  a  categorical 
answer  to  this  question.  We  cannot  say 
with  certaintj'  that  some  factors  have  no 
influence  in  bringing  about  the  effects  of 
radiation  which  we  observe.  Accordingly 
the  logical  thing  to  do  is  to  give  all  the 
factors  involved. 

Of  the  physical  factors  involved  the 
most  important  one  is  the  distribution  of 
the  radiation  in  the  tissue  (normal  as  well 
as  pathological).  It  is  only  when  this  is 
known  for  every  treatment  that  the 
radiologist  can  form  the  proper  criterion 
for  effective  dosage.  The  Germans  have 
done  a  o;reat  deal  of  work  alono;  these  lines, 
but  little  has  been  done  in  this  country. 
Some  charts  have  been  published  from 
time  to  time,  but  they  are  of  limited 
applicability  since  they  refer  only  to  a 
definite  set  of  conditions  of  treatment. 
In  our  work  we  needed  distribution  charts 
for  different  conditions  of  treatment  (that 
is,  different  target-skin  distances,  filters 
and  diaphragms)  for  our  machine.  We 
decided  to  determine  these  charts  experi- 
mentally by  ionization  measurements. 

The  work  of  Friedrich  showed  that  a 
very  small  ionization  chamber  made  of 
organic  materials  must  be  employed.  Since 

300.00.  in  the  Leonard  Prize  contest. 
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no  suitable  instrument  was  available  in  this 
country,  we  proceeded  to  build  one  pat- 
terned after  Friedrich's.  We  made  some 
changes  to  increase  the  convenience  of 
using  such  an  instrument  for  a  large 
number  of  measurements,  but  its  essential 
features  are  the  same  as  those  of  Fried- 
rich's.  It  consists  of  a  small  ionization 
chamber  made  of  clear  bakelite,  connected 
to  a  gold  leaf  electroscope  by  means  of  a 
rubber  insulating  cable.  The  electroscope 
is  equipped  with  a  projection  device  which 
enables  the  experimenter  to  observe  the 
motion  of  the  leaf  on  a  ground  glass  screen 
instead  of  looking  through  a  microscope. 
This  arrangement  reduces  considerably 
the  eyestrain  when  measurements  have 
to  be  made  for  several  hours  continuously. 
The  water-phantom  is  made  of  galvanized 
iron  lined  with  wood  2  cm.  thick,  and  is 
30  cm.  wide,  35  cm.  long,  and  30  cm.  deep. 
It  is  equipped  with  a  graduated  screw 
so  that  the  ionization  chamber  can  be  set 
at  any  height. 

The  information  we  wanted  most  ur- 
gently was  for  our  deep  therapy  treat- 
ments, so  the  experiments  were  made 
with  a  machine  operated  at  200,000  volts 
crest  value,  and  4  ma.  The  voltage  was 
determined  in  the  following  way:  Keeping 
the  milliamperes  constant  at  4  we  measured 
the  voltage  across  the  tube  by  means  of  a 
sphere-gap  constructed  according  to  the 
Standardization  Rules  of  the  American 
Institute  of  Electrical  Engineers,  from 
the  lowest  point  on  the  control  to  a  maxi- 
mum voltage  of  210  kv.  For  each  setting 
of  the  control  handle  we  took  many 
spark-gap  readings  quickly  to  eliminate 
as  much  as  possible  the  effect  of  occasional 
surges.  A  voltmeter  connected  across 
the  primary  of  the  transformer  was  read 
at  the  same  time.  From  the  average  of 
these  readings  the  curve  shown  in  Figure  i 
was  obtained.  This  relates  the  voltage 
applied  to  the  tube  to  the  primary  voltage 
when  a  current  of  4  ma.  flows  through  the 
tube.  The  curve  enables  us  to  determine 
the  impressed  voltage  for  any  setting 
by  simply  reading  the  primary  voltmeter, 
provided  the  current  is  4  ma.  The  advantage 
of  this  procedure  lies  not  only  in  its 
simplicity  but  especially  in  its  accuracy. 
The  experimental  points  for  the  calibration 


curve  are  obtained  by  taking  many  read- 
ings for  each  setting.  Then  when  an  aver- 
age cur\"e  is  drawn  we  minimize  errors 
still  further. 

With  the  machine  set  at  200,000  ^■olts 
and  4  ma.  we  proceeded  to  determine 
depth  dosage  curves  for  4  different  dia- 
phragms, 5  filters  (3.67  mm.  AL,  0.42, 
0.84,  1.26,  1.68  mm.  Cu.)  and  2  target- 
skin  distances  (52.7  and  73.5  cm.).  These 
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would  give  us  40  different  dosage  curves 
(central  beam  only)  for  various  combina- 
tions of  diaphragm,  filter  and  distance. 
In  tabulating  the  experimental  data  defi- 
nite relations  were  discovered  which  lead 
to  some  useful  generalizations.  Before 
proceeding  to  the  discussion  of  the  results, 
however,  we  must  mention  the  precautions 
which  were  taken  in  making  the  measure- 
ments. 

With  an  instrument  of  this  type  several 
sources  of  error  must  be  considered. 
fi)  The  natural  leak  of  the  electroscope. 
This  has  been  quite  constant  during 
the  last  eighteen  months.  Since  errors 
due  to  variations  in  the  leakage  have  the 
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greatest  effect  on  the  longest  readings 
taken,  the  natural  leak  was  obtained 
always  immediately  after  these  readings. 
In  the  course  of  the  day  it  was  determined 
two  or  more  times.  The  proper  correction 
was  then  applied  to  all  the  readings. 
(2)  The  effect  oj  stray  radiation  on  the  elec- 
troscope and  cable.  The  electroscope  is 
made  of  brass  lined  with  i  cm.  of  lead.  The 
two  windows  are  very  small,  one  being 
0.5  cm.  and  the  other  i  cm.  in  diameter, 
and  both  are  protected.  The  volume  of  the 
leaf  house  is  small — 4  X  4  X  iM  cm. 
Since  the  .\-ray  tube  is  practically  enclosed 
in  a  lead-lined  box,  and  the  electroscope 
was  always  at  a  considerable  distance 
from  the  tube,  stray  radiation  had  no 
appreciable  effect  on  the  electroscope. 
The  possibility  of  ionization  in  the  cable 
was  considered  and  special  tests  were  made 
to  determine  its  magnitude.  They  showed 
that  while  the  effect  was  present,  it  was 
negligible  in  our  work.  (3)  The  "soaking" 
effect  oj  the  insulation.  This  is  always 
present  in  electroscope  measurements,  and 
it  is  very  hard  to  correct  for.  We  made  a 
special  test  to  determine  what  influence 
this  had  on  electroscope  readings  varying 
in  the  ratio  of  1:4  and  found  it  to  have  no 
noticeable  effect.  We  always  charged  the 
electroscope  to  the  same  point  on  the 
scale,  and  in  the  same  manner.  (4)  The 
effect  of  the  cable  on  the  amount  of  scattered 
radiation  ivhich  reaches  the  ionization  cham- 
ber. An  estimate  of  this  was  made  by  taking 
readings  at  different  depths  in  the  water- 
phantom  with  the  ionization  chamber 
as  used  ordinarily,  and  with  a  piece  of  cable 
held  against  its  end.  The  addition  of  the 
cable-end  decreased  the  ionization  by 
about  4  per  cent  at  a  depth  of  10  cm.  in  the 
phantom.  At  the  surface  the  effect  was  not 
noticeable  for  filtered  .v-rays.  (5)  The 
test  Jor  "saturation  of  the  ionization  cham- 
ber." This  was  made  by  the  use  of  radium. 
It  was  found  that  the  electroscope  read- 
ings were  proportional  to  the  amount  of 
radium  placed  always  in  the  same  position 
relative  to  the  ionization  chamber,  for  a 
wider  range  of  currents  than  that  used  in 
the  experiments. 

We  shall   now  gi\e  the   results   of  the 
experiments. 


I.  The  Effect  of  the  Size  of  the  Field 

ON  THE  Amount  of  Radiation  at 

Different  Depths 

Table  I 

EFFECT    OF   SIZE   OF    FIELD  ON    SURF.^CE    RADIATION 

200  kv.   (crest  value)   4  ma.,  73.5   cm.  T-S  distance 
Ionization  chamber  half  submerged 


Field, 
sq.  cm. 

Filter,  in  millimeters 

Average 

n-^aI^   ct! 

0.84 
Cu. 

1.26 
Cu. 

for  Filtered 
Rad. 

1000 
237 
118 
41    5 

too      100      100 
95.2   92.3   92.6 
90.9    86.5    86.8 
84  0    79 . 4    79 . 0 

1 
100      100 
92 . 0   90 . 6 
87.0   86.2 

78.8   78.7 

100 
91.9 
86.6 
79  0 

The  figures  in  Table  I  show  that  (a)  the 
smaller  the  field  the  less  the  radiation 
effective  at  the  surface;  (6)  the  effect  is 
substantially  the  same  for  the  four  filters 
shown;  (c)  a  variation  of  the  field  from 
1000  to  41.5  sq.  cm.  reduces  the  radiation 
by  21  per  cent;  (d)  the  effect  is  less  marked 
for  unfiltered  rays.  The  same  result  was 
obtained  with  target-skin  distances  of 
y2.-  and  60.6  cm.,  and  filters  ranging  from 
3.2"  mm.  AI.  to  1.68  mm.  Cu. 

Table  II 

EFFECT  OF  SIZE  OF  FIELD  ON  RADIATION  AT  5  CM.  DEPTH 


Field 
sq.  cm. 

Filter,  in  millimeters 

Average  for 

1 
3.27  '  0.42     0.84 
Al.      Cu.      Cu. 

1.26  '  1.68 
Cu.     Cu. 

Cu.  Filtered 
Rad. 

I  ooo 
230 
121 
37.8 

100      100      100 
87.0    88.0.  87.8 
76.2    78.0    77.7 
59.0   60. o|  59.8 

100      100 

87.7  87.8 
77-Sl  77-4 

59.8  60.0 

100 
87.8 
77.6 
59-9 

The  figures  of  Table  II  show  that  (a)  the 
smaller  the  field  the  less  is  the  radiation 
effective  at  a  depth  of  5  cm.;  (6)  the  effect 
is  substantially  the  same  for  the  5  filters 
shown;  (c)  a  variation  of  the  field  from 
1000  to  3~.8  sc].  cm.  reduces  the  radiation 
bv  40  per  cent.  In  this  case  also  the  same 
result    was    obtained    with    a    distance   of 
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73.5  cni.  To  a\oid  repetition  we  shall 
simply  say  that  the  same  general  conclu- 
sions apply  to  the  radiation  effective  at  a 
depth  of  10  cm.  Table  III  shows  the  results 
for  one  distance. 


Table  III 

EFFECT  OF  SIZE  OF  FIELD  ON  RADIATION  AT   10  CM. 
DEPTH 

200  kv.   (crest  value)  4  ma.,  52.7  cm.  T-S  Distance 


Filter,  in  millimeters 

Field 

Average  for 

Cu.  Filtered 

sq.  cm. 

3-27 

0.42 

0.84 

1.26     1.68 

Rad. 

AJ. 

Cu. 

Cu. 

Cu. 

Cu. 

1000 

1 
100      100 

100 

TOO 

100 

100 

230 

82.3    82.0    81.0    81.5 

81.8 

81.8 

121 

70.0    68.6   68.7    68.5 

68.5'         68.6 

37.8 

48.1 

49  4 

49  6 

48.9 

49-3 

49  3 

We  are  anxious  not  to  convey  a  wrong 
impression  by  the  wording  of  this  generali- 
zation. We  wish  to  call  particular  attention, 
therefore,  to  the  limits  of  its  applicability. 
The  experimental  data  on  which  it  is  based 
covered  the  following  ranges:  Distance, 
52.7  to  73.5  cm.;  filter,  0.42  mm.  Cu.  to 
1.68  mm.  Cu.,  also  3.27  mm.  AL;  skin  area, 
40  sq.  cm.  to  1000  sq.  cm.,  the  fields  being 
rectangular  with  sides  approximately  in  the 
ratio  of  "iio;  water  depth,  o  to  10  cm.  in 
the  phantom  already  described.  In  addi- 
tion, several  special  experiments  were  made 
to  extend  the  range  of  the  skin  areas  down 
to  20  sq.  cm.  and  the  range  of  the  tissue 
depth  to  15  cm.  Within  these  limits  for 
the  different  factors,  therefore,  the  above 
generalization  holds  with  a  considerable 
degree  of  accuracy.  That  the  limits  can  be 
extended  somewhat  on  either  side  without 
introducing  a  large  error  can   be   readily 


J-  Suf  face  :,    , 
2.-  «  sna  depth 


Lrfi'cr  or   i5Vi//v     Ah-f/i    oi\j 

(Lffect   iS   trijefjctxhrit 'of  filter 


/■go 


i>Hin    /^rsa.    i.yi     'Jq.  Cm 


sQo: 


yitjo      ,   /oao 


Fig.  2. 


We  may  make  now  the  first  generalization: 
A.  The  effect  of  the  si/.e  of  the  field  on  the 
radiation  effective  at  any  particular  tissue 
depth  is  the  same  for  all  filters  and  all 
distances  used  in  practice. 


granted.  The  final  results  are  shown 
graphically  in  Figure  2.  This  supplies  the 
necessary  quantitative  data  to  make  the 
proper  corrections  in  the  dose  according  to 
the  size  of  the  skin  area  irradiated. 
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2.  The  Effect  of  the  Filter  on  the 

Amount  of  Radiation  Effective  at 

Different  Depths 

Table  IV 

EFFECT  OF  FILTER  ON  SURFACE  RADIATION 

200  kv.   (crest  value)  4  ma.,  73.5  cm.  T-S  Distance 
Ionization  Chamber  Half  Submerged 


Area  on  Surface  of  Water,  in 

Copper 

sq.   cm. 

Filter 

Average 

mm. 

41.5 

118 

237 

1000 

0 

412 

405          397 

387 

400 

0.42 

100 

100          100 

100 

100 

0.84 

64.7 

64 . 8       64 . 0 

64.5 

64.5 

1.26 

48.2 

47.8        47-0 

48.2 

47.8 

The  figures  given  in  Table  IV  show  that  the 
influence  of  the  filter  on  the  radiation 
effective  at  the  surface  is  practically  the 
same  for  fields  ranging  from  41.5  to  1000 
sq.  cm.  when  the  surface  of  the  water  is 
73.5  cm.  from  the  target.  The  only  consid- 
erable variation  occurs  for  unfiltered  radia- 
tion. This  is  probably  due  to  the  fact  that 
the  electroscope  readings  in  this  case  were 
very  short  and  therefore  not  very  rehable. 
Since  unfiltered  radiation  at  this  voltage  is 
of  no  particular  interest  to  us,  no  attempt 
was  made  to  check  the  results.  They  are 
given  here  because  they  will  serve  as  a 
guide  in'plotting  the  curve  to  represent  the 
results  graphically.  The  values  for  3.27 
mm.  Al.  were  also  obtained,  but  they  are  of 
little  if  any  practical  value  and  are  omitted 
from  the  table.  A  similar  agreement  among 
the  percentages  for  the  four  copper  filters 
was  obtained  with  a  distance  of  52.7  cm. 
and  four  different  areas.  Furthermore  the 
percentages  are  essentially  the  same  for 
the  two  distances.  From  this  we  may  con- 
clude that  the  cfi"cct  of  the  filter  on  the 
surface  radiation  is  independent  of  the 
irradiated  area  and  the  target-skin 
distance. 

Tables  V  and  VI  show  the  influence  of 
the  filter  on  the  radiation  effective  at  a 
5  cm.  and  10  cm.  depth  respectively, 
for  a  distance  of  52.7  cm.  It  will  be  seen 
that  here  also  the  relative  effect  of  the 
filter  is  independent  of  the  size  of  the 
irradiated  area. 


Table  V 

EFFECT  OF   FILTER   ON    RADIATION  AT   5    CM.    DEPTH 

200  kv.   (crest  value)  4  ma.,  52.7  cm.  T-S  Distance 


Copper, 
mm. 


Area  on  Surface  of  Water,  in 
sq.  cm. 


37.8 


230     j     1000 


Average 


0 

232 

227 

221 

214 

224 

0.42 

100 

100 

100 

100 

100 

0.84 

66.7 

66.7 

66.7 

66.7 

66.7 

1.26 

49-7 

49-7 

49.8 

51.2 

49-7 

1.68 

38.3 

39-2 

38.5 

39  3 

38.8 

Table  \T 
effect  of  filter  on  radiation  at  10  cm.  depth 


200   kv. 

(crest  value)  4  ma.,  52.7  cm.  T-S  Distance 

Area  on  Surface  of  Water 

Copper, 

Average 

mm. 

37.8 

121 

230 

1000 

o 

176 

189 

176 

186 

181 

0.42 

100 

100 

100 

100 

100 

0.84 

68.4 

70.2 

69.5 

70.2 

70.0 

1.26 

51.8 

53-2 

*3-^ 

53-3 

53  2 

1.68 

42.3 

43-2 

41.8 

42.8 

42.3 

It  is  hardly  necessary  to  give  the  complete 
results  for  the  determination  at  a  73.5  cm. 
distance.  The  average  values  obtained 
with  three  copper  filters,  however,  are 
shown  in  Table  Vll. 

Table  VII 

EFFECT  OF  FILTER  ON  RADI.^TION  AT  j  AND  lO  CM.  DEPTH 

200  kv.   (crest  value)  4  ma.,  73.5  cm.  T-S  Distance 


Average  for  all  Fields  Employed 

Copper,  mm. 

5  cm.  Depth 

10  cm.  Depth 

0.42 
0.84 
1.26 

100 

67.4 
49-5 

100 

71-4 
54-9 

The  agreement  between  these  values  and 
the  corresponding  ones  for  the  52.7  cm. 
distance  is  not  as  good  as  in  the  previous 
cases.  However  it  should  be  remembered 
that  measurements  at  a  10  or  even  at  a 
5  cm.  depth  with  a  filter  of  1.26  mm.  of 
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copper  when  the  distance  is  73.5  cm.,  are 
rather  difiicult,  on  account  of  the  small 
amount  of  radiation  reaching  the  ioniza- 
tion chamber.  The  maximum  variation 
shown  in  Tables  VI  and  VII  occurs  for  the 
54-9  -  53-2 


1.26  mm.  fdter  and  is 


53-2 


3  per 


cent.  It  is  not  unreasonable,  therefore,  to 
attribute  this  to  the  inherent  difiiculty 
of  the  experiments  at  73.5  cm.  distance. 
Bearing  in  mind  the  practical  applications 
of  this  work  we  are  justified  in  making  the 
second  generalization. 


We  may  summarize  the  results  presented 
so  far  by  saying  that  the  relative  effects 
of  the  field  of  radiation  and  the  filter  are 
independent  of  each  other  and  that  both 
are  independent  of  the  target-skin  distance. 

3.  The    Effect    of    the    Target-skin 
Distance  on  the  Amount  of  Radia- 
tion AT  Different  Depths 

Figure  4  shows  two  dosage  curves  for  the 
following  conditions  of  treatment:  A  is 
for    a    target-skin    distance    of   52.7    cm., 


Wafer  Ce^St  in  cm. 
3      »-'  n     A 


.On.Radlaiionst 

Ss/nilr&iidod.  T-^  OlS^-Om, 


Fig.  3. 


B.  The  effect  of  the  filter  on  radiation  at 
any  particular  tissue  depth  is  the  same  Jor 
all  skin  areas  and  all  distances  used  in 
practice. 

The  limitations  of  this  generalization 
are  similar  to  those  for  Generalization  A 
and  need  not  be  discussed  further.  The 
range  for  tissue  depths  was  extended  to 
15  cm.  by  subsidiary  experiments.  (The 
graphical  representation  of  the  results 
is  shown  in  Figure  3,  which  will  be  ex- 
plained later). 


B  for  73.5  cm.  In  both  cases  the  filter  is 
0.42  mm.  Cu.,  the  skin  area  120  sq.  cm. 
(The  voltage  for  all  the  data  given  in 
this  paper  is  for  200,000  volts  crest 
value).  The  cur\^es  show  the  effect  on 
the  relative  depth  doses  of  a  change  in 
distance  from  52.7  to  73.5,  the  other 
conditions  remaining  the  same.  It  will  be 
seen  that  the  difference  in  the  depth 
dose  at  10  cm.  is  from  34.2  per  cent  for 
the  shorter  distance  to  37.9  for  the  longer 
one. 
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Table  VIII 

200    KV.    (crest   value)    O.42    MM.    CU.    FILTER    120    SQ. 


CM.  FIELD 


A 

B     1     C 

D     1      E     1      F 

G 

52.7  cm.   Distance 

73.5   cm.   Distance 

Per  Cent  Surface 

Per  Cent  Su 

rface 

Depth, 

Radiation 

Radiation 

Meas. 

Inv. 
Sq. 

Ratio 
B/C 

Meas. 

Inv. 
Sq. 

Ratio 

E/F 

0 

100 

100 

1 .00 

100 

100 

1 .00 

I 

100 

96.3 

1.038 

100 

97.2 

1.029 

2 

Q3.8 

92 

8 

1 .010 

96.8 

94.7 

1.022 

3 

85.7 

8q 

■> 

0.958 

88.3 

92.3 

0.959 

4 

76.7 

86 

4 

0.888 

80.0 

90.0 

0.890 

5 

68.1 

83 

4 

0.818 

72.0 

87.6 

0.822 

6 

60.0 

80 

7 

0.744 

63.9 

85.5 

0.746 

7 

52.3 

77 

Q 

0.671 

56.5 

83.4 

0.678 

8 

45-5 

15 

4 

0  602 

49  5 

81.3 

0.610 

10 

34-2 

70 

7 

0.48^ 

37-9 

77.4 

0.490 

12 

25.5 

66 

3 

0.38-; 

28.6 

73.8 

0.391 

15 

17.0 

60 

6 

0.281 

19.7 

69.0 

0.286 

Since  in  the  two  curves  the  only  factor 
which  is  different  is  the  target-skin  dis- 
tance, we  may  reasonably  expect  the  effect 
of  the  distance  to  depend  on  the  inverse 
square  law.  In  Table  VIII  we  have  listed 
the  percentages  read  from  the  above 
curves  and  the  percentages  calculated  by 


distances  is  quite  close.  The  maximum 
variation  occurs  at  the  15  cm.  depth  where 
the  difference  is  less  than  2  per  cent. 
In  order  to  make  sure  that  the  close  agree- 
ment is  not  accidental  we  looked  up  Des- 
sauer's'  data  and  found  even  a  better 
agreement.  This  is  shown  in  Table  IX. 
Here  the  ratios  agree  almost  exactly  for  a 
range  of  target-skin  distances  from  30  cm. 
to  70  cm.-  The  better  agreement  is  prob- 
ably due  to  the  fact  that  Dessauer's  values 
for  the  different  distances  are  referred  to 
the  same  volume  of  water,  whereas  ours 
are  for  the  same  irradiated  areas.  Our  data 
for  the  effect  of  the  field  (Fig.  2)  enables 
us  to  make  this  correction  and  in  that  case 
the  agreement  is  very  close.  Since,  how- 
ever, the  error  is  small  if  the  target-skin 
distances  are  not  very  different,  we  may 
neglect  this  factor.  Dessauer's  data  shows 
also  that  the  same  general  relation  holds 
for  different  voltages  and  filters.  (The 
ratios,  of  course,  are  different  in  each  case.) 
This  permits  us  to  make  the  third 
generalization: 

C.  //  all  the  dosage  factors   except   the 
target-skin  distance  are  the  same,  the  relative 


T.\BLE    IX 


Target-skin  Distance 


Depth, 

30  cm. 

40  cm. 

50  cm.             1             60  cm.             1             70  era. 

Dess. 

Sq!'  i  ^^^'° 

Dess. 

Inv. 
Sq. 

Ratio 

Dess. 

Inv. 
Sq. 

Ratio 

Dess. 

Inv. 
Sq. 

Ratio 

Dess. 

Inv. 
Sq. 

Ratio 

0 

5 
10 

15 

100 
70.2 

47-5 
29.0 

100 

73.6 
56.3 

44.5 

I.  00 

1.05 
1. 18 
1.54 

100 

75.1 
54.2 
34-8 

100 

78.8 

63 -9 
52.8 

1. 00 
1.05 
1.18 
1.52 

100 
78.6 
59.0 
39-2 

100           1. 00 

82.7!  1.05 
69.5   1. 18 
59.2  I. 51 

100 
8,. 5 
62,3 
41.5 

100 
85  .J 
73-5 
63  9 

1. 00 

\:% 

1.54 

100        100 
83.0     87.0 
64.6  :   76.5 
45 . 0      67 . 8 

1. 00 

'"^ 
1. 18 

1. 51 

means  of  the  inverse  square  law  alone,  for 
the  two  distances  respectively^  The  equa- 
tion is: 
Percentage  of  Surface  Radiation  = 

X^ 

.  '°°(X TZ)" 
where  x  is  the  target-skin  distance  (52.7  or 
73.5  cm.  as  the  case  may  be)  and  z  is  the 
water  depth  (from  o  to  15  cm.).  Taking  the 
ratio  between  the  experimental  values  and 
the  values  calculated  from  the  above 
equation  for  each  depth  and  the  two  dis- 
tances we  obtain  tne  values  shown  in 
columns  D  and  G.  It  will  be  seen  that  the 
agreement  between  tiie  \  alues  for  the  two 


depth  doses  depend  only  o?i  the  inverse 
square  laiv. 

This  is  strictly  true  only  when  the  same 
volume  is  irradiated  at  the  distances 
considered.  If  the  same  skin  area  is  main- 
tained a  small  error  is  introduced  for 
depths  from  o  to  15  cm.  We  prefer  to  refer 
our  data  to  the  same  skin  areas,  however, 
because  this  is  simpler  from  the  standpoint 
of  the  radiologist. 

Having  one  curve  of  the  type  shown  in 
Figure    4,    for   a    definite   set    of   dosage 

'  Dessauer  u.  Vierbebler.  SiraUenlhcrapie,  xii.  Heft  3.  Seite 

655. 

•  Dessaver's  ratios  cannot  be  expected  to  agree  with  those  of 
Table  VIII  because  the  skin  area  and  the  filter  in  the  two  cases 
arc  very  different. 
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factors.  Generalization  C  permits  us  to 
calculate  similar  curves  for  other  distances, 
provided  the  remaining  factors  are  the 
same.  To  make  this  clearer  we  shall  take 
the  data  given  in  Table  VIII  for  a  52.7 
cm.  distance  and  calculate  the  relative 
depth  doses  for  a  73.5  cm.  distance 
when  the  filter  and  skin  area  are  the  same 
as  for  the  52.7  cm.  distance.  The  ratio  in 
Column  D  will  be  assumed  to  apply  to  the 
73.5  cm.  distance,  and  all  that  is  necessary 
is  to  multiply  the  inverse  square  law  values 
for  the  different  depths  at  the  new  distance 
by  the  corresponding  ratios.  This  is 
shown  in  Table  X.  The  experimental  values 
for  the  73.5  cm.  distance  are  also  given  to 
show  that  the  error  introduced  by  our 
assumption  is  negligible. 

Tabip  \ 


73.5  cm.  Distance 


Depth, 


Inv.  Sq.  Calcu-  '  Experi- 
Law  I  lated  Per  mental 
Value  Cent        Per  Cent 


Ratio  for 
52.7  cm. 


0 

1 .00 

100 

100 

100 

2 

1. 01 

94.8 

95  6 

96.8 

4 

0.868 

89.8 

78.0 

80.0 

7 

0.671 

83.3 

56.0 

56.6 

10 

0.484 

77.5 

37.5 

37  9 

15 

0.281 

68.9 

19  4 

19.7 

In  a  similar  way  we  can  calculate  curves 
for  other  distances.  To  minimize  errors  it 
is  best  to  use  the  ratios  for  the  52.7  cm. 
distance  for  distances  smaller  than  50  cm. 
and  the  ratios  for  the  73.5  cm.  distance 
for  distances  greater  than  70  cm.  For  a 
distance  of  60  cm.  average  values  will  be 
best.  In  general,  however,  we  may  take  the 
average  of  the  two  ratios  without  introduc- 
ing a  serious  error  in  the  calculated  depth 
doses  for  all  target-skin  distances  used  in 
practice.' 

The  combination  of  the  three  generaliza- 
tions and  the  curves  given  so  far  enables 
us  to  calculate  the  depth  doses  in  percent- 
age of  the  surface  dose  for  any  target-skin 
distance,  any  skin  area,  and  any  filter  used 
in  practice  (the  voltage  being  200  kv. 
crest    value).    The    radiologist,    however, 

^  A  method  of  calculation  similar  to  this  is  given  by  Dessauer. 
Ours  is  somewhat  simpler  because  the  same  set  of  ratios  applies 
to  every  distance.  The  same  relation  can  be  derived  from  Des- 
sauer's  data,  although  the  ratios  will  be  different. 


must  know  also  how  to  administer  a  skin 
dose  under  ^•arious  conditions  of  treatment. 
For  this  purpose  additional  information 
is  required. 

4.  The   Applicability   of   the    Inverse 
Square  Law  for  Skin  Dosage 

From  time  to  time  we  have  seen  in  the 
literature  articles  relating  to  the  vahdity 
of  the  inverse   square  law.    It   should   be 
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remembered  that  this  "law"  is  simply  a 
geometrical  relation  which  must  necessarily 
hold  for  radiation  emitted  by  a  point  source 
and  traveling  in  straight  lines.  The  only 
question  to  consider,  therefore,  is  whether 
the  conditions  met  with  in  radiotherapy 
justify  the  application  of  the  inverse  square 
law.  It  will  be  readily  seen  that  the  source 
of  radiation  is  not  strictly  a  point  source 
and  that  the  interposition  of  a  filter 
changes  the  path  of  the  rays  to  a  certain 
extent,  through  scattering  and  the  produc- 
tion of  secondary  radiation.  Furthermore, 
the  effect  on  the  skin,  which  is  principally 
what    concerns     us    in    this     connection. 
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depends  not  only  on  the  amount  of 
radiation  falling  thereupon,  but  also  on  the 
amount  of  radiation  scattered  backward 
by  the  underlying  tissue.  We  may  conclude 
a  priori,  therefore,  that  the  inverse  square 
law  is  not  strictly  applicable  to  our 
problem. 

We  made  experiments  to  determine  the 
variation  of  the  surface  radiation  with  the 
target-skin  distance  under  various  condi- 
tions of  filter  and  irradiated  area.  In  this 
work  we  employed  also  the  small  ioniza- 
tion chamber,  since  this  would  give  us  the 
most  accurate  information.  The  procedure 
was  as  follows:  Readings  were  taken 
with  the  ionization  chamber  at  different 
distances  from  the  tube  with  several  dia- 
phragms and  filters.  In  one  set  of  experi- 
ments the  chamber  was  supported  in  air 
and  in  another  it  was  placed  on  the  surface 
of  the  water  in  the  phantom.  We  chose  the 
half-submerged  position  of  the  chamber, 
since  this  is  the  position  ordinarily  taken 
for  the  zero  depth  in  such  measurements.^ 
The  data  given  in  Table  XI  show  that  the 
inverse  square  law  can  be  used  to  calculate 
skin  doses  for  different  distances  provided 
the  same  beam  of  radiation  is  maintained. 
That  is,  provided  the  same  diaphragm 
placed  at  the  same  distance  from  the  tube 
is  used  for  all  distances.  If  the  diaphragm 

Table  XI 

Ionization  Chamber  Half-submerged  in  Water  Phan- 
tom. Diaphragm  and  Filter  Placed  at  40  cm.  from 
Target 


Dis- 
tance 
Target 
cm. 


Filter,  in  mm. 

Average 
for  all 
Filters 

^f 

0.42 
Cu. 

0.84 
Cu. 

Calcu- 
lated by 
Inverse 
Square 
Law 


5  by  7  cm.  Diaphragm 


50.9 

100 

100 

100 

100 

100 

60.6 

713 

71.9 

70.2 

71-3 

70.6 

73-5 

46.7 

48.8 

48.2 

47-9 

47.8 

7  by  10  cm.  Diaphragm 


50.9 

100 

100 

100 

100 

100 

60.6 

70.4 

70.2 

71.8 

70.8 

70.6 

73-5 

47-4 

48.5 

48.8 

48.2 

47.8 

>  For  the  effect  of  the  zero  position  for  the  ionization  chamber 
see  Weatherwax  and  Leddy,  Am.  J.  Roentgenol.,  June.  1923. 
X,  No.  6,  p.  488. 


is  adjusted  to  give  the  same  irradiated  area 
at  the  different  distances  the  inverse  square 
law  is  not  longer  applicable. 

This  is  evident  from  the  fact  that  the 
surface  radiation  is  influenced  by  the  size 
of  the  field  and  that  the  above  condition 
of  a  fixed  beam  of  radiation  requires  differ- 
ent areas  at  different  distances  (varying 
as  the  square  of  the  distance). 

The  experiments  with  the  ionization 
chamber  in  air  (without  water  backing) 
gave  the  same  results.  That  is,  the  inverse 
square  law  is  applicable  only  when  the 
same  beam  of  radiation  is  measured  at 
different  distances,  but  not  when  the  size 
of  the  diaphragm  is  changed  from  one  dis- 
tance to  another.  We  found  that,  at  the 
same  distance,  the  larger  diaphragm  gave 
the  larger  ionization  current,  even  though 
there  was  nothing  below  the  ionization 
chamber  which  would  scatter  radiation 
back  into  it.  (The  wooden  floor  was  more 
than  one  meter  below  the  ionization  cham- 
ber.) We  had  previously  tested  the  cable  for 
ionization  and  found  it  negligible,  but  in 
order  to  make  sure  that  the  effect  was  not 
due  to  radiation  scattered  by  the  cable  into 
the  chamber,  we  covered  with  lead  the  part 
exposed  to  the  rajs.  This  made  no  differ- 
ence in  the  results.  We  concluded,  there- 
fore, that  the  increase  in  the  ionization 
current  with  a  larger  diaphragm  was  due 
to  the  larger  amount  of  radiation  scattered 
by  the  filter  when  the  cross-section  of  the 
beam  was  larger.  This  conclusion  is 
substantiated  by  the  observation  that  the 
ionization  chamber  registers  a  larger  cur- 
rent when  the  filter  is  brought  closer  to  it, 
even  though  other  conditions  remain  the 
same.  (This  observation  was  made  also  by 
Friedrich.)  Accordingly'  in  this  work  it  is 
important  to  specify  the  position  of  the 
filter.  In  all  our  experiments  both  the  filter 
and  the  diaphragm  were  placed  at  a  dis- 
tance of  40  cm.  from  the  target. 

The  results  of  these  experiments  enable 
us  to  make  the  fourth  generalization: 

D.  For  purposes  of  Skin  Dosage  in  Radio- 
therapy, the  iriverse  square  law  is  applicable, 
provided  the  satne  beam  of  radiation  is 
effective  at  the  different  distances  considered. 

This  generalization  permits  us  to  cal- 
culate the  proper  dose  to  administer  when 
we  vary  the  target-skin  distance,  provided 
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we  know  the  dose  for  one  distance  and  we 
use  always  the  same  diaphragm.  In  prac- 
tice, however,  it  is  necessary  to  adjust 
the  size  of  the  beam  of  radiation  to  the 
requirements  of  the  case  under  treatment. 
For  this  purpose  the  inverse  square  law 
alone  does  not  suffice.  We  can,  however, 
work  out  correction  factors  which  enable 
us  to  calculate  the  proper  dose  for  any 
distance  and  any  skin  area.  Going  back  to 
Generalization  A  we  see  that  the  effect  of 
the  size  of  the  field  on  the  surface  radiation 
(zero  depth)  is  the  same  for  all  practical 
distances.  If  a  beam  of  radiation  has  a 
cross-section  of  lOO  sq.  cm.  at  a  distance  of 
50  cm.  from  the  target,  the  areas  at  other 
distances  are  as  shown  in  Table  XII. 

Table  XII 


Distance,  cm. 

Area,  sq. 

cm. 

30 

36 

40 

64 

50 

100 

60 

144 

70 

196 

80 

256 

100 

400 

Hence  if  we  know  the  skin  dose  for  any 
one  of  these  areas  and  the  corresponding 
distance,  the  inverse  square  law  determines 
it  for  all  the  other  distances  and  the 
corresponding  areas.  Let  us  say,  however, 
that  we  wish  to  know  the  amount  of  radia- 
tion effective  at  the  center  of  a  skin  area  of 
100  sq.  cm.  at  70  cm.  distance.  Taking  the 
radiation  for  a  field  of  100  sq.  cm.  at  50 
cm.  as  unity,  we  determine  by  means  of 
the  inverse  square  law  that  the  radiation 
from  a  field  of  196  sq.  cm.  at  70  cm.  is 

1  X  ^—5  or  5 1  per  cent.  For  an  area  of  1 00 

sq.  cm.  it  will  be  less  than  this,  and  Figure 

2  enables  us  to  obtain  the  proper  value. 
Thus  for  an  area  of  196  sq.  cm.  the  value 
from  the  proper  curve  in  Figure  2  is  90, 
and  for  100  sq.  cm.  it  is  84.4.  Hence  the 
radiation  effective  at  the  center  of  an  irra- 
diated area  of  100  sq.  cm.  at  a  distance  of 

o  ,   . 

70  cm.   is  -^^  X  5 1  =  47.8    per    cent  of 
90 

that  at  50  cm.  with  100  sq.  cm.  area.  The 


o .  . 

ratio  -^'^  =  0.938  then,   is  the   factor  by 
90 

which  the  inverse  square  law  value  of  the 
radiation  must  be  multiplied  to  obtain  the 
correct  amount  for  a  field  of  100  sq.  cm. 
at  70  cm.  In  the  same  manner  we  can  cal- 
culate the  correction  factors  for  the  other 
distances.  Such  factors  are  given  in  Table 
XIII  covering  a  wide  range  of  distances 
and  skin  areas.  They  are  all  based  on  the 
value  for  each  area  at  50  cm.  as  unity. 

5.  The  Development  of  an  Equation 
FOR  the   Calculation  of   Doses   at 
Different  Depths,  under  Differ- 
ent Conditions  of  Treat- 
ment 

The  results  of  our  experiments  presented 
so  far  are  accompanied  by  quantitative 
data  which  enable  us  to  calculate  the  rela- 
tive amount  of  radiation  effective  at  any 
tissue  depth  for  all  practical  conditions 
of  treatment  (the  voltage  being  200  kv. 
crest  value).  The  process  of  calculation, 
however,  is  rather  involved.  To  overcome 
this  difficulty  we  have  worked  out  an 
equation  which  reduces  the  process  to  one 
of  simple  substitution  of  the  proper  values 
for  the  factors  involved.  We  shall  explain 
this  briefly.  We  have  assumed  as  our 
unit  the  radiation  required  to  produce  a 
skin  erythema  at  a  distance  of  50  cm.  with 
a  field  of  100  sq.  cm.  and  a  filter  of  0.5  mm. 
Cu.  placed  at  a  distance  of  40  cm.  from  the 
target,  the  voltage  being  200  kv.  (crest 
value).  It  will  be  noticed  that  we  do  not 
state  what  constitutes  an  erythema,  for 
this  is  immaterial  as  far  as  the  values 
obtained  from  this  equation  are  concerned. 
They  will  all  be  relative  to  whatever  degree 
of  erythema  the  radiologist  wishes  to  adopt 
as  his  standard.  This  and  the  machine  which 
he  uses  will  determine  the  milliampere- 
minutes  which  will  produce  the  standard 
erythema  under  the  conditions  speci- 
fied above.  The  dosage  curve  for  the 
standard  conditions  adopted  is  shown  in 
Figure  5;  the  percentages  read  from  this 
curve  are  fisted  in  Column  B  of  Table  XIV. 
The  percentages  obtained  by  using  the 
inverse  square  law  are  ^iven  in  Column  C. 
The  ratios  between  the  two  appear  in 
Column  D.  According  to  Generalization  C 
these  factors  enable  us  to  calculate  the 
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Table  XIII 

BEAM  AREA  FACTORS  bxA 


Area    of   Skin 

Irridiated,    Square    Cent 

iraeters 

T-S 

Distance, 

X  =  cm. 

A  = 

A  = 

A  = 

A  = 

A  = 

A  = 

A  = 

A  = 

A  = 

A  = 

A  = 

A  = 

25 

50 

75 

100 

150 

200 

300 

400 

500 

600 

800 

1000 

35 

1.075 

1.075 

1 .072 

1 .  086      1 .  068 

1 .067 

1 .067 

1.059 

1.057 

1.052 

1 .040 

1. 031 

40 

i  053 

1.049 

1 .048 

1.045 

1.045 

1 .042 

1.038 

1.037 

1.033 

1.030 

1 .020 

I  .oi6 

50 

1. 00 

1 .00 

1 .00 

1. 00 

1. 00 

1. 00 

1 .00 

1 .00 

1 .00 

1 .00 

1 .00 

1 .00 

60 

0.958 

0.963 

0.963 

0.967 

0.967 

0.971 

0.972 

0.978 

0.982 

0.987 

0.995 

70 

0.929 

0  936 

0.936 

0.937 

0  943 

0.946 

0.954 

0.966 

0.972 

0.977 

0.990 

80 

0.883 

0.915 

0.916 

0.918 

0.923 

0.929 

0.942 

0.958 

0.962 

0.968 

0.981 

100 

0.868 

0.876 

0.878 

0.885 

0.897 

0,910 

0  Q36 

0  951 

0.954 

0  960 

0.971 

Table  XIV 

200  kv.  (Crest  Value)  50  cm.  T-S  Distance 

100  sq.  cm.   Field  0.5  mm.   Cu.  Filter;(40  cm.  from 

Target) 


Tissue 
Depth, 

Experi- 
mental 

Inverse 
Square  Law 

Ratio  b/c 
R7 

cm. 

Values 

Values 

A 

B 

C 

D 

0 

100 

100 

.  100 

I 

100 

96. 1 

1.04 

2 

93  5 

92 

4 

1 .01 1 

3 

85.4 

89 

0 

0.960 

4 

75    I 

85 

7 

0.876 

1 

67.4 

82 

7 

0.815 

6 

59   I 

79 

7 

0.742 

7 

51   2 

76 

8 

0.667 

8 

44.5 

74 

3 

0.599 

10 

33  2 

69 

4 

0.478 

12 

24.7 

65 

0 

0  380 

15 

16.6 

59 

2 

0.281 

Table  XV 
values  of  Rz 


Tissue  Depth, 
Z  cm. 

X  =  50 

X  =  70 

Average 

0 

1 .00 

I  .00 

1 .00 

I 
2 

1.04 
I  .01 1 

..03 
1 .006 

J  035 
1.008 

3 

4 
5 

0.96 

0.876 

0.815 

0.945 
0.870 
0.803 

0.952 
0.873 
0.809 

6 

7 
8 

9 
10 

0.742 
0.667 

0.599 
0.537 
0.478 

0.730 
0 .  657 
0.582 
0.520 
0.467 

0.736 
0.663 
0.590 
0.529 
0.472 

12 

15 
18 

0.380 
0.281 
0.193 

0.368 
0.267 
0.180 

0.374 
0.274 
0.186 

percentages  for  any  other  distance  pro- 
vided the  filter  and  the  size  of  the  field 
remain  constant.  Therefore  for  a  field  of 


nguro  J 
Standard  L>Oiiaqe  Cur/e 

OS.  mm.Ca,f}:tt£rat4Q  c^. 


TTistic  Osfx:h  z-m. 


llG.    5. 

100  sq.  cm.  and  aTiIter  of  0.5  mm.  of  copper, 
the^radiation  effective  at  any  depth  Z  is 

where  x  is  the  target-skin  distance  in  cms. 
Z  is  the  tissue  depth  in  cms. 
rz  is  a  factor  wnose  values  for  dif- 
ferent tissue  depths  Z  arc  listed  in 
Column  D  of  Table  .\I\',  and  for 
more  general  conditions,  in  Table 
XV. 
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Thus,  if  we  wish  to  calculate  the  relative 
radiation  effective  at  a  depth  of  lo  cm. 
when  tlie  target-skin  distance  is  70  cm., 
the  field   100  sq.   cm.   and  the  filter  0.5 

mm.  Cu.,  we  have  R  =  100  -, — —^ — --  X 

(70  +  10)^ 

0.4-8  =  36.6    per    cent    of    the    surface 

radiation  at  70  cm.  (0.478  is  the  value  of 

rz   in   Table   XV   corresponding   to   Z  = 

10  cm.). 

For  our  purposes  it  is  more  convenient 

to  express  the  results  in  terms  of  the  unit 


Values  of  bxA  for  different  distances  and 
different  skin  areas  are  given  in  Table 
XIII.  Values  of  azA  for  different  skin 
areas  and  different  tissue  depths  are  listed 
in  Table  XVI. 

This  equation  enables  us  to  calculate  the 
radiation  effective  at  any  tissue  depth 
(o  to  18  cm.)  for  anj'  target-skin  distance 
and  any  size  of  field  used  in  practice,  but 
only  for  a  filter  of  0.5  mm.  Cu.  Our  data 
for  the  effect  of  the  filter  on  the  radiation 
at   different  tissue   depths   enables   us   to 


Table  XVI 

EFFECT     OF     DIAPHRAGM     AT     DIFFERENT     DEPTHS 

Values  of  skin  area  factors  az.\ 


Depth, 
cm.  Z 


Square  Centimeter  Area  on  Skin 


A  = 
25 


A  = 
50 


A  = 

75 


A  = 
100 


A  = 
150 


A  = 
200 


A  = 
300 


A  = 
400 


A  = 
500 


A  = 
600 


A  = 
800 


A  = 
1000 


I 
2 
3 
4 
5 

6 

7 
8 

9 
10 


15 
18 


0.869 


852 
824 
790 

757 
725 


0.704 
0.684 
0.664 
0.650 
0.638 

0.618 
0.598 
0.580 


0.935 

0.970 

1 .00 

1 .040 

0.928 

0.968 

1 .00 

1 .042 

0.914 
0.890 
0.868 

0.963 
0.952 
0.940 

1 .00 
1. 00 
1. 00 

1 .050 
1.066 
1 .080 

0.853 

0.933 

1 .00 

1 .090 

0.840 

0.928 

1 .00 

1 .  098 

0.830 
0.820 

0.924 
0.920 

1 .00 
1 .00 

1 .  1 04 
I .  no 

0.810 

0.918 

1 .00 

I  .  1 14 

0.800 

0.916 

1 .00 

1. 120 

0.792 
0.786 
0.780 

0.912 
0.908 
0.898 

1 .00 
1 .00 
1 .00 

1. 128 

1 .  140 

1. 154 

1 .060 

1 .066 
1 .080 
1 .  104 
1. 130 
1 .  150 


162 
176 


I 

I.  I8« 
I.  198 
I  .200 

I  .224 
1 .270 
..3>8 


1.105   I 

1 . 112   I 
I . 120  i  I 
I 

I 
I 


1. 144 
1. 178 
1 .210 


233 

■  254 

.275 

.298 

.320 

.372 

.460 

.575 

•  130 

1 .  150 

1.160 

1 .  170 

I . 

■  135 

1. 155 

1.168 

1.180 

I. 

.150 

1 .  170 

1 .  180 

1 .200 

.180 

1. 198 

1  .212 

1.235 

.215 

1.232 

1.250 

1.278 

.250 

1.270 

1.290 

1 .320 

.280 

1.298 

1-330 

1.354 

.306 

1.327 

1.360 

1.390 

.333 

1.358 

1.395 

1.425 

.360 

1.390 

1.428 

1.462 

•  390 

1.430 

1.460 

1 .500 

.460 

1.514 

1 .560 

1.610 

.590 

1.680 

1.740 

1.820 

.754 

1 .908 

180 
194 

.220 
.258 
.302 
.340 

.380 
.416 
.458 
.498 
.540 

.656 

.870 


defined  above  (50  cm.  distance,  0.5  mm. 
Cu.  filter,  100  sq.  cm.  field).  The  equation 
then  becomes 

p   _        50-  , 

^  ~  (X+T)^'^  ^^^  ^"-^ 

where  bxA  is  a  correction  factor  which  takes 
account  of  the  change  in  the  beam  of 
radiation  when  we  maintain  the  same  skin 
area  at  all  distances.  The  subscripts  x  and 
A  indicate  that  its  value  depends  on  the 
target-skin  distance  and  tne  irradiated 
area. 

azA  is  the  skin  area  factor  which  takes 
account  of  the  effect  of  the  size  of  the 
field  at  the  50  cm.  distance.  The  sub- 
scripts z  and  A  indicate  that  its  value 
depends  on  the  tissue  depth  and  the 
irradiated  area. 


enlarge  the  scope  of  the  equation  by  the 
introduction  of  an  additional  factor  fzt 
(the  subscripts  Z  and  t  indicate  that  the 
values  of  this  factor  depend  on  the  tissue 
depth  and  thickness  of  the  copper  filter). 
Values  for  different  tissue  depths  and 
various  copper  filters  are  given  in  Table 
XVII.  The  final  equation  then  becomes: 


R 


'50^ 


l(X+Z) 


,rz  bxA  azA  fzt 


Let  us  work  out  a  few  examples.  What 
is  the  amount  of  radiation  effective  at  a 
depth  of  10  cm.  if  we  use  a  target-skin 
distance  of  50  cm.,  a  filter  of  i.o  mm.  Cu. 
and  a  field  of  400  sq.  cm.? 

x  =  50,  Z  =  10,  rio  =  0.478  (from  Table 
XV) 
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b5o.4oo=  I    (from  Table  XIII)   aio.400 
1 .39  (from  Table  XVI) 

fio.i  =  0.687  (from  Table  XVII) 
Hence 

50^ 


R 


X  0.478  X  1.39  X 


(50  +  10)^ 

0.687  =  0.317 

That  is,  the  radiation  at  10  cm.  depth  under 
the  conditions  of  the  problem  is  31.7  per 
cent  of  the  unit  we  have  adopted.  If  we 
desire  the  percentage  depth  dose  we  have 
to  divide  the  value  obtained  by  the  surface 


\  alues  reported  by  other  investigators 
working  with  machines  of  different  makes. 
From  Bachem's  report  (Bachem.  J.  Rad- 
iol., June,  1923,  iv.  No.  6)  we  may  take  42 
per  cent  as  the  average  depth  dose  for 
American  machines  under  the  conditions 
specified  above.'  If  our  results  had  not  been 
corrected  for  the  effect  of  the  cable  in 
shutting  off  some  radiation  from  the  ioniza- 
tion chamber,  our  percentage  for  these  con- 
ditions would  also  be  42.  This  correction, 
to  our  knowledge,  has  not  been  made  by 


Table  XVII 

EFFECT   OF   FILTERS    AT    DIFFERENT    DEPTHS 

Values  of  filtration  factors  fzt 


.\ 

m.  Copper 

Depth,  cm.  Z 

ft.  = 

ft.  = 

ft.  = 

ft.  = 

ft.  = 

ft.  = 

ft.  = 

ft.  = 

ft.  = 

ft.  = 

ft.  = 

0.42 

0.5 

0.6 

0.7 

0.8 

0.9 

1 .0 

I .  I 

1 .2 

.5 

••7 

0 

I.  Ill 

1. 00 

0.890 

0.808 

0.740 

0.684 

0.635 

0.590 

0.548 

0.480 

0.397 

2 
3 
4 

1. 107 
1 .  100 
1.096 
1.093 

1. 00 
1. 00 
1. 00 
1. 00 

0.891 
0.892 
0.893 
0.895 

0.810 
0.812 
0.814 
0.817 

0.742 
0.744 
0.746 
0.749 

0.686 
0.688 
0.692 
0.697 

0.637 
0.639 
0.643 
0.648 

0.593 
0.596 
0.600 
0.606 

0.550 
0.553 
0.558 
0.564 

0.482 
0.484 
0.489 
0.494 

0.399 
0.400 
0.404 
0.408 

5 

1.090 

1. 00 

0.897 

0.820 

0.755 

0.702 

0.653 

0.612 

0.571 

0.502 

0.416 

6 

7 

1.088 
1.086 

1. 00 
1. 00 

0.899 
0.902 

0.824 
0.828 

0.760 
0.765 

0.708 
0.714 

0.658 
0.664 

0.619 
0.626 

0.578 
0.586 

0.510 
0.519 

0.424 
0.432 

8    • 

9 
10 

1.084 
1.082 
1.080 

1. 00 
1 .00 
1. 00 

0.904 
0.906 
0.908 

0.832 
0.836 
0.840 

0.770 

0.775 
0.781 

0.720 
0.726 
0.733 

0.671 
0.679 
0.687 

0.634 
0.642 
0.650 

0.594 
0.602 
0.6x0 

0.527 
0.536 
0.545 

0.441 
0.450 
0.460 

12 
14 

1.076 
1.072 

1. 00 
1. 00 

0.915 
0.922 

0.844 
0.848 

0.791 
0.801 

0.745 
0.756 

0.700 
0.713 

0.664 
0.678 

0.626 
0.642 

0.563 
0.582 

0.478 
0.496 

•5 
18 

1.070 
1.064 

1. 00 
1 .00 

0.925 
0.935 

0.860 
0.876 

0.808 
0.825 

0.763 
0.781 

0.720 
0.740 

0.685 
0.706 

0.650 
0.690 

0.590 
0.617 

0.505 
0  532 

radiation  effective  under  the  same  condi- 
tions. This  is 

=  0.718 

or   71.8   per   cent    of  the   unit   we   have 

adopted.  Therefore,  the  percentage  depth 

dose  for  the  conditions  of  the  problem  is 

0.317 

-  -^  =  44.1  per  cent. 

0.718 

In  this  problem  we  have  selected  the  con- 
ditions which  are  usually  given  for  com- 
parison in  American  literature  (distance 
50  cm.,  field  20  X  20  cm.  =  400  sq.  cm., 
filter  =  i.o  mm.  Cu.).  It  will  be  seen  that 
the  value  of  44.1  per  cent  for  the  dose  at 
10  cm.  depth  is  in  good  agreement  with  the 


other  experimenters.  It  is  verv  likely, 
therefore,  that  the  difference  is  only  appar- 
ent and  not  real. 

Let  us  take  another  example.  Determine 
the  percentage  radiation  at  a  depth  of  8 
cm.  under  the  following  conditions:  Target- 
skin  distance  70  cm.,  filter  1.2  mm.  Cu., 
field  300  sq.  cm.  Here  X  =  70,  Z  =  8, 
rg  =  0.582  (from  Table  XV)  bro.soo  = 
1.047    (from   Table    XIII)    ag.soo  =  1.275 


(from  Table  XVI)   fs,   1. 
Table  XVII).  Therefore 


=  0.594    (,from 


R 


r-„^l'«V2  X  0-582  X  1.047  X  1.2-5  X 
(/O  4-  o)' 

0.594  =  0.18 1 

or  18. 1  per  cent  of  our  unit. 

For  the  surface  radiation  X  =  70,  Z  =  o. 
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fo    =     I,   byo.sOO    =     1. 04-,  ao, 300    =    1-105,  fo,  1.2 

=  0.548 


R  = 


50^ 


X   I  X  1.047  X  1.105  X 


(70  +  o) 

0.548  =  0.324 

whence  percentage  radiation  at  8  cm.  = 

O.I8I  -; 

=  56.3  per  cent. 

0.324 

We  may  discuss  now  the  limit  of  applica- 
bility of  the  equation  given  above.  In  the 
first  place  its  derivation  is  entirely  empiri- 
cal, there  being  no  theory  involved.  It  is 
a  direct  consequence  of  the  four  generaliza- 
tions we  developed  from  our  experimental 
data,  and  therefore  is  subject  to  the  same 
limitations.  The  tables  we  give  for  the 
values  of  the  factors  in  the  equation  go 
only  slightly  beyond  our  experimental 
range,  so  that  the  extrapolation  thus  made 
cannot  introduce  large  errors.  Within  the 
ranges  for  the  different  factors  covered  in 
our  experiments  the  error  is  very  small. 
This  however,  applies  only  to  our  machine 
under  the  conditions  in  which  we  use  it. 
Since  this  is  a  typical  American  machine, 
and  we  have  seen  that  the  10  cm.  depth 
doses  for  several  different  machines  of  this 
type  agree  quite  well,  we  may  conclude 
that  the  equation  with  the  factors  we  give 
may  be  used  by  others  with  a  considerable 
degree  of  accuracy.  Percentage  values  for 
other  American  machines'  calculated  by 
means  of  the  equation  and  the  factors 
given,  probably  would  not  vary  from 
measured  value  by  more  than  5  per  cent 
plus  or  minus.  The  measurements,  of  course, 
would  have  to  be  made  with  an  instrument 
similar  to  ours. 

The  factor  which  varies  a  good  deal  with 
the  machine,  the  tube  and  the  radiologist 
(according  to  his  idea  of  an  erythema)  is 
the  milliampere-minutes  required  to  pro- 
duce a  skin  erythema  under  our  standard 
conditions.  It  is  very  important  to  note 
that  this  is  not  involved  in  the  equation.  The 
values  given  by  the  equation  are  all  in 
terms  of  a  skin  dose  administered  under  the 
following  conditions:  Voltage  200  kv. 
(crest  value),  target-skin  distance  50  cm., 
field  100  sq.  cm.,  filter  0.5  mm.  Cu.  (A 
thin  aluminum  filter  should  also  be  used  to 
remove  the  soft  secondary  radiation  of  the 

1  It  is  safest  not  to  assume  that  the  equation  applies  to  ma- 
chines of  the  Rieber  design  or  continuous  current  machines. 


copper  filter.)  Each  radiologist  must  deter- 
mine for  himself  the  milliampere-minutes 
required  to  produce  an  erythema  under 
these  conditions.  Having  done  that,  how- 
ever, the  equation  will  give  him  not  only 
the  depth  doses,  but  also  the  milliampere- 
minutes  for  any  other  distance,  iilter  and 
size  of  field.  An  example  will  make  this 
clear.  For  our  machine,  320  milliampere- 
minutes  are  required  to  produce  a  mild 
erythema  on  the  average  patient,  under  the 
conditions  adopted  as  standard  for  the 
equation.  Accordingly  in  our  case  our  unit 
skin  dose  requires  320  milfiampere-min- 
utes.  The  equation  enables  us  to  calculate 
the  surface  radiation  under  different  condi- 
tions in  terms  of  this  unit.  The  milliampere- 
minutes  will  be  inversely  proportional  to 
the  amount  of  radiation  effective  at  the 
surface  as  calculated.  Thus  for  a  70  cm. 
distance,  a  field  of  150  sq.  cm.  and  a  filter 
of  I  mm.  Cu.,  the  surface  radiation  is 


R  = 


(70  +  o)' 


X  I  X  1. 06 1  X  1.04  X 

0.635  =  0.356 

Therefore  milliampere-minutes  = ;?  X 

0.356 

320  =  900. 

This  value  for  the  milliampere-minutes 

applies  only  to  our  machine,  since  it  is 

based  on  320  ma.-min.  for  the  standard 

dose.  The  ratio ,  however,  is  probably 

0.356 

applicable  to  other  machines  of  the  same 
type  for  the  change  in  distance,  filter  and 
area  here  considered.  For  any  other  set  of 
conditions  it  can  be  calculated  in  a  similar 
manner.  We  are  unable  to  compare  directly 
our  ratios  for  the  different  filters  with  those 
obtained  for  other  machines,  because  there 
is  practically  nothing  in  the  literature  on 
this  subject.  We  cannot  say,  therefore,  just 
what  error  might  be  introduced  in  trans- 
ferring our  data  for  the  filtration  factors  to 
other  machines  for  purposes  of  skin  dosage. 
The  skin  area  factors  (azA)  and  the  beam 
area  factors  (bxA).  however,  can  be  used  for 
all  machines  without  appreciable  error. 

A  radiologist  may  make  an  indirect 
comparison  of  the  radiation  produced  by 
his  machine  with  the  radiation  which  we 
used  in  our  experiments  by  determining 
the  "effective"  wave-length  according  to 
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Duane's  methods.'  We  have  determined 
the  effective  wave-length  using  three  differ- 
ent ionization  chambers,  and  the  results 
are  shown  in  Table  XVIII. 


hood  of  0.16  A.  u.  Glasser'  gives  0.15  a.  u. 
as  the  effecti\"e  wave-length  for  the  above 
voltage,  and  0.75  mm.  Cu.  This  is  in  good 
agreement  with  our  values.  Both  Duane 


Table  XVIII 


Cu.  Thick,  in  mm. 


o 

0.2 

0.4 

0.5 

0.7 

0.75 

1 .0 

1.2 

1-5 

1-7 

1-75 


c 


D 


Small  Bakelite  Chamber 


In  Air 


Per  Cent 
Trans- 
mitted 


545 

201 

117 

100 
81.4 
78.7 
65.2 
58.1 
47.8 
41 .6 
39  3 


Eff. 

Wave 

Length 

A.  U. 


On  \V;itcT 


Per  Cent 

Trans- 
mitted 


I 


Eff. 

Wave 

Length 

A.  U. 


o.  152 
o.  150 


458 

183 

116 

100 
81. 1 
77.8 
64.5 
56.7 
45  6 
40.0 
38.4 


8 


o.  156 
o   150 


Large  Chamber  Silk     Large  Chamber  All 
Plates  Aluminium    Plates 


Per  Cent 

Trans- 
mitted 


Eff. 

Wave 

Length 

A.  U. 


329 

'76 

1 14 

100 

82 

79 

66 

58. 

46 

41 

40 


0.155 
0.149 


Per  Cent 

Trans- 
mitted 


390 
190 
118 


100 

77 
73 
59 
49 
39 
35 
32 


Eff. 
Wave 
Length 
A.  U. 


0.168 
0.158 


The  figures  in  Columns  B  and  D  were 
obtained  with  the  small  bakelite  chamber; 
those  in  Columns  H  and  F  with  large 
ionization  chambers  having  plates  of  alu- 
minum and  silk  ribbon,  respectively.  It 
will  .  be  ;_^seen  that  all  the  values  of  the 
effective  wave-length  (for  radiation  trans- 
mitted through  0.5  and  0.75  mm.  Cu.) 
agree  except  those  obtained  with  the 
"aluminum"  ionization  chamber  (the  alu- 
minum plates  of  this  chamber  make  up  a 
total  thickness  of  one  millimeter).  It  is  to 
be  noted  that  the  values  given  in  the  Col- 
umn B  were  obtained  with  the  chamber  in 
air  while  the  values  of  Column  D  were 
obtained  with  the  chamber  half  submerged 
in  the  water  phantom.  They  are  averages 
of  a  large  number  of  determinations  made 
at  different  distances  from  the  Coolidge 
tube  and  with  different  diaphragms.  These 
represent  most  closely  the  radiation  which 
is  effective  on  the  surface.  Duane'  states 
that  for  a  voltage  of  200  kv.  (crest  value) 
the  effective  wave-length  for  radiation 
filtered  by  0.5  mm.  Cu.  is  in  the  neighbor- 

'  Dl'Ane.  W.  .-^m.  J.  Roentgenol.,  Dec.  1922.  ix.  781. 


and  Glasser  used  different  machines  from 
ours.  We  can  be  fairly  sure,  therefore, 
that   our  values  for  the  filtration  factors 


£/rea:arniter 

onRadlaticn  at 

Diffirent  Oepcm 


.V'.\ 
■.\\  •, 


fl'ltc-r    Ln 
^  _  ci»      a?      aa     oy 


Fig.  6. 


can  be  applied  to  other  machines  without 
introducing  a  large  error. 

'  Glasser,  O.  .■\m.  J.  Roentgenol.,  May.  1923,  x,  405. 
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Before  leaving  this  subject  we  wish  to 
point  out  the  simplicity  of  using  the  equa- 
tion. In  the  first  place  very  little  thinking  is 
required.  The  radiologist  simply  writes  down 
the  data  of  the  problem  as  shown  below: 

Target-skin  distance  X  =  60  cm.  ffor 

instance) 
Tissue  depth  Z  =  10  cm. 

Thickness  of  Cu.  filter  t  =  0.8  mm. 
Area  of  field  A  =  200  sq.  cm. 


he  sets  down'  r^  =  rio  =  0.46".  Similarly 
he  looks  up  the  value  of  b(;o,2oo  in  Table 
XIII.  The  desired  value  is  found  in  the  line 
for  X  =  60  and  the  column  for  A  =  200. 
It  is  1.030.  Therefore  bxA  =  beo.aoo  = 
1.030.  In  Table  XVI  he  finds  the  value 
for  aio,2oo  at  the  intersection  of  the  line 
for  z  =  10  and  the  column  for  A  =  200. 
Hence  azA  =  aio,2oo  =  i-20. 

In  a  similar  manner  he  finds  the  value 
of  fifl.  o.s  in  Table  XV'II  at  the  intersection 
of  the  line  for  Z  =  10  and  t  =  0.8. 


Then  he  writes  down  the  symbols  for  the 
factors  with  the  proper  subscripts,  thus: 
rz  =  r,o  (Z  =  10) 
hxA  =  b6o.2oo  (X  =  60,  A  =  200) 
azA  =  aio.200  CZ.  =  10,  A  =  200) 
fzt    =  fio.o.s  (Z  =  10,  t  =  0.8) 
He    is   now  ready  to  look   up  the  proper 
values  for  these  constants  from  the  tables 
given.  Thus  in  Table  XV,  for  z  =  10  he 
finds  0.467  for  the  value  of  rio.  Therefore 


That  is  fzt  =  fio.  0.8  =  0.781. 

Substituting  these  values  into  the  equa- 
tion he  finds  the  amount  of  radiation  for 
these  conditions  in  terms  of  the  unit 
adopted  here. 

R  =  ^  ^°'    ,„  X  0.4-8  X  1.030  X 


(60  +  10)'- 


1.20  X  0.781   =  0.236 


'  In  practice  he  would  write  the  value  next  to  the  symbol  in 
the  above  list.  This,  however,  would  cause  confusion  in  this 
explanation. 
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(Using  the  slide  rule  the  above  calculation 
can  be  made  in  less  than  one  minute.) 
To  determine  the  depth  dose  in  per- 
centage oj  ibe  skin  dose  for  the  same  condi- 
tions it  is  necessary  to  calculate  the  surface 
radiation.  Some  of  the  factors  will  be  the 
same  as  in  the  previous  determination,  but 
it  is  best  for  the  radiologist  to  look  up 
all  of  them  and  list  them  in  the  manner 
shown   above   as   if  this   was   an   entirely 


the  standard  conditions  of  the  50  cm. 
target-skin  distance,  100  sq.  cm.  field, 
0.5  mm.  Cu.  filter,  the  voltage  being 
200  kv.  (crest  value).  (By  substituting  in 
the  equation  the  value  of  the  different 
factors  for  these  conditions  it  will  be  seen 
50^ 


that    R  = 


I.) 


(50  +  0)- 


X  I  X  I  X  I  X  I  = 


The  four  tables  given  in  this  paper  for 


-    K 


^^^■ 


t--| 


X-         T^ryf,?-   SH^n     0,-.hL, 


£ 


£/  /  ICIENC  Y  CHAR  /"   / 

Irradiate   Ar&a.    /OO i^c/^i 


n 


Chart  I. 


new  probleni.  For  the  sake  of  brevity  we 
do  not  do  this  here. 

R    -      -       ^°' 


surface 


-jX  r  X  1.030  X 


(60  +  o)^ 

1.06  X  0.74  =  0.561 

Therefore  the  percentage  dose  =     '  i     = 

0.561 
42.1    per  cent   for  the   conditions   of  this 
problem. 

The  use  of  this  equation  is  practically 
a  mechanical  process.  The  only  thing 
that  the  radiologist  must  remember  is 
that  the  results  are  always  given  in  terms 
of  the  surface  radiation   delivered    under 


.81 


" 

■L.- 
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Chart  II. 

the  factors  involved  in  the  equation 
enable  us  to  calculate  values  of  R  for 
over  30,000,000  combinations  of  distance, 
area  of  field,  filter  and  tissue  depth.  Values 
for  the  factors  intermediate  to  those 
given,  however,  might  be  desired  in 
practice.  For  this  purpose  we  have  worked 
out  the  curves  shown  in  Figures  3,  6,  7  and 
8.  It  is  perhaps  superfluous  to  explain  the 
use  of  these  charts. 

EFFICIENCY    CHARTS 

The  data  we  have  presented  so  far  offer 
a    method   of  comparing   the   amount    of 
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radiation  available  at  any  tissue  depth 
under  different  conditions  of  treatment. 
The  information  we  may  derive  from  such 
comparisons  is  quantitative.  For  instance, 
if  we  compare  two  treatments  given  under 
the  same  conditions  except  for  the  size 
of  the  field,  we  can  tell  not  only  which  one 
supplied  the  larger  amount  of  radiation 
at  a  certain  depth,  but  also  how  jnuch  more 
the  radiation  was.  We  shall  make  use  of 


methods  of  choice  reduce  to  two  or  a 
combination  of  these.  Taking  as  a  criterion 
the  length  of  the  treatment  required  to 
deli\  er  the  desired  amount  of  radiation 
at  a  certain  depth,  it  will  readily  be  seen 
that  there  must  be  a  happy  combination 
of  the  different  factors  which  will  result 
in  the  shortest  treatment  for  the  given 
depth  dose.  To  work  out  this  problem  we 
must   know  the  depth   dose,    not  only  in 
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Chart  III. 

this  fact  now  to  determine  the  most  efficient 
or  economical  way  of  delivering  the  desired 
amount  of  radiation  at  a  given  tissue  depth. 
We  know  that  an  increase  in  the  area 
of  the  field,  the  thickness  of  the  filter,  or 
the  target-skin  distance  separately,  results 
in  an  increased  depth  dose,  other  conditions 
being  the  same.  Therefore  if  we  wish  to 
vary  the  depth  dose  when  the  same  skin 
dose  is  aclministercd,  we  have  three 
separate  ways  of  doing  so,  or  we  may 
combine  all  three.  In  practice  really,  the 
size  of  the  field  in  general  is  set  by  the 
requirements  of  the  case  we  are  treating. 
For    any    particular    case,    therefore,    the 
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Chart  IV. 

percentage  of  the  skin  dose,  but  relative 
to  a  fixed  standard.  It  was  with  this 
idea  in  mind  that,  for  the  equation  given 
above,  we  adopted  as  a  unit  the  surface 
radiation  required  to  produce  an  erythema 
at  50  cm.,  with  a  field  of  100  sq.  cm.  and  a 
filter  of  0.5  mm.  Cu.  (placed  on  the 
diaphragm  at  a  distance  of  40  cm.  from  the 
target).  All  other  figures  obtained  thereby 
are  in  terms  of  this  unit.  It  is  hardly 
necessary  to  add  that  the  results  are  inde- 
pendent of  the  unit.' 

1  If  the  distance  between  two  points  is  expressed  in  feet,  yards 
or  miles  it  is  immaterial  to  the  man  who  is  walking  from  one  to 
the  other.  He  will  have  to  expend  the  same  amount  of  energy  in 
any  case. 
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We  have  worked  out  a  fjraphical  method 
which  enables  us  to  determine  the  most 
efFicient  or  economical  conditions  of  treat- 
ment to  deliver  a  certain  dose  of  radiation 
at  a  given  tissue  depth.  A  number  of  such 
" efficiency"  charts  are  included  in  this 
paper.  For  the  sake  of  brevity  we  shall  not 
describe  the  construction  of  these  charts, 
but  simply  explain  their  use.  Taking 
Chart  VIII  as  a  typical  one  we  have:  An 
irradiated  skin  area  of  400  sq.  cm.   (field 
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Chart  V. 

20  X  20  cm.)  and  a  tissue  depth  of  10  cm. 
These  conditions  are  set  by  the  require- 
ments of  the  case  we  wish  to  treat.  We 
decide  that  the  dose  at  a  depth  of  10  cm. 
shall  be  80  per  cent  of  a  skin  dose,  and  that 
it  is  to  be  administered  through  two 
opposite  skin  areas  (400  sq.  cm.).  Accord- 
ingly for  either  area  the  dose  at  10  cm.  is 
40    per    cent    or   the  ratio  between  depth 

rj 

radiation  and  skin  radiation  is  '  = 
0.40.  Going  to  the  efficiency  chart  (VIII) 
now,  we  find  on  the  scale  for  ^-  the  point 
corresponding  to  a   ratio  of  0.40  and  we 


draw  a  horizontal  line  A  intersecting  the 
curves  M  for  the  different  filters.  From 
the  points  of  intersection  we  draw  straight 
lines  B  to  meet  the  corresponding  cur\es 
N  below;  and  from  these  we  draw  hori- 
zontal lines  C  to  the  scale  for  radiation  at 
depth  z  =  10  cm.  We  are  ready  now  to 
read  the  results.  The  lines  B  intersect  the 
scale  of  target-skin  distance  at  different 
points.    These    determine    the    distances 
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Chart  VI. 

which,  coupled  with  the  corresponding 
filters,  will  give  a  ratio  of  0.40  between  the 
surface  radiation  and  the  radiation  at  a 
depth  z  =  10  cm.  Thus  if  a  filter  ot  0.5 
mm.  Cu.  is  used,  the  target-skin  distance 
must  be  4^.0  cm.  to  give  the  required  per- 
centage depth  dose.  Similarly  for  a  filter 
of  0.6  mm.  the  required  distance  is  44.0 
cm.;  for  0.8  mm.  it  is  40.5  cm.;  for  i  mm. 
it  is  39.5  cm.,  etc.  It  will  be  noticed  that 
the  distance  is  shorter  the  thicker  the  filter, 
which  is  as  it  should  be. 

All    these   pairs    of   filter    and    distance 

fulfil   the  condition   that  the  ratio  -  yt-" 
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=  0.40.  Of  these,  ho\ve\er,  only  one  is  the 
most  economical  from  the  standpoint  of 
the  duration  of  treatment.  We  determine 
this  in  the  following  way:  The  inter- 
sections of  the  hnes  C  and  the  scale  of 
radiation  at  depth  z  =  10  cm.  give  us  the 
values  of  the  depth  radiation  correspond- 
ing to  each  set  of  frlter  and  distance.  The 
combination  which  gives  the  largest  value 
for    Rz  is    the    most    economical    to    use. 


10  cm.  at  the  point  Rj  =  0.52.  This  is  the 
radiation  at  the  10  cm.  depth  in  terms  of 
our  unit.  Since  the  ratio  between  surface 
and   depth   radiation    for  this   problem   is 

0.40,    the   surface    radiation    will   be    -^^ 

0.40 

=  1.30    units.    As    already'    stated,  with 

our   machine    it    takes    320   ma.-min.    to 

deliver    the    unit    of    radiation    adopted. 

Hence  in  our  case  we  would  ha\'e  to  use 
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It  will  be  seen  at  a  glance  from  the  chart 
that  for  this  example  the  most  economical 
combination  is  a  filter  of  0.6  mm.  Cu.  and  a 
target-skin  distance  of  44.0  cm.  Note  that 
either  a  smaller  filter  or  a  larger  one  would 
be  less  economical  in  this  case. 

The  next  thing  we  wish  to  know  is  what 
milliam])erc-ruinutes  to  use  to  administer 
a  skin  close  under  the  conditions  worked 
out  for  the  chart;  that  is,  44.0  cm.  distance, 
and  0.6  mm.  Cu.  Wc  can  do  this  by  using 
the  equation  as  already  explained  or 
more  simply  by  means  of  the  same  chart. 
Thus  the  lino  CI  for  0.6  mm.  Cu.  intersects 
the  scale  for  the  r.uliatinn  at   depth  z  = 
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->20 

-'  =  246  ma. -mm.  to  give  a  unit 
1.30 

erythema  dose  under  the  new  condi- 
tions. The  value  320  ma.-min.  varies  from 
one  clinic  to  another,  but  the  factor  1.30 
(or  any  other  obtained  from  the  chart) 
is  anpiicable  to  practically  all  American 
macnines  without  perceptible  errors. 

If  we  calculate  the  milliampere-minutes 
for  each  filter  and  distance  which  will  give 

a  ratio     '  =  2.40,  we  can  get  an  idea  of  the 

sa\ing  in  time  iinoKed.  This  is  sho\\n  in 
TableXLX. 
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Table  XIX 


Filter 

Dis- 

Ma.-min. 

Min- 

Per 

mm. 

tance 

R, 

R 

for  our 

utes 

cent 

Cu. 

cm. 

machine 

0.4 

Si.o 

0.486 

1.22 

262 

68 

III 

o.s 

47.0 

0.512 

1.28 

2S0 

62. s 

102 

0.6 

44.0 

0.520 

1.30 

246 

6l.s 

100 

0.8 

40.6 

0.516 

1.29 

248 

62.0 

101 

1 .0 

39. S 

0.480 

1 .20 

267 

67.2 

100 

It  will  be  seen  that  for  filters  of  0.5,  0.6 
and  0.8  mm.  Cu.,  the  time  of  treatment  is 


10  cm.  depth,  he  would  ha\e  to  give  a 
treatment  of  396  ma.-min.,  or  16  per  cent 
longer  than  the  most  economical  one. 

The  above  example  illustrates  the  use  of 
the  charts  for  determining  the  most 
economical  filter  and  distance  in  a  simple 
case.  In  practice  usually  the  requirements 
ot  the  case  are  more  complicated  than  we 
have  assumed  in  the  example.  It  is  not 
necessary,  howe^"er,  to  give  more  details 
since  the  method  is  the  same.  The  use  of 
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practically  the  same.  For  a  filter  of  i.o 
mm.  Cu.  the  time  is  9  per  cent  longer  than 
for  the  most  economical  conditions;  in 
practice  the  radiologist  would  probably 
use  a  50  cm.  target-skin  distance.  In  that 
case  the  i  mm.  Cu.  filter  would  necessitate 
a  treatment  of  436  ma.-min.,  or  44  per 
cent  longer  than  the  most  economical  one. 

The  ratio  „^  in  this  case  would  be  larger 

Ks 
than  before,  but  even  if  he  adjusted  the 
skin  dose  (giving  less  than  an   erythema 
dose)    to   get   the   same    radiation    at   the 


dosage  charts  similar  to  Dessauer's  to 
map  out  the  treatment  is  to  be  recom- 
mended. Then  for  each  port  of  entry  our 
efficiency  charts  will  determine  the  most 
economical  iilter  and  distance  to  be  used. 
A  typical  dosage  chart  is  appended  to  this 
paper. 

The  efficiency  charts  can  be  used  for 
purposes  other  than  the  one  outlined  above. 
Thus  the  radiologist  can  determine  at  a 
glance  what  dose  is  possible  to  deliver  at  a 
certain  depth  with  a  given  number  of 
fields,  or  vice  versa.  For  instance,  taking 
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Chart  IX  he  can  tell  immediately  that  with 
a  field  of  100  sq.  cm.,  he  cannot  deliver  one 
skin  dose  at  15  cm.  by  using  four  ports  of 
entry  (unless  he  uses  a  distance  of  perhaps 
150  cm.  and  a  thick  filter,  which  is  not 
practical).  Chart  X  shows  that  if  he  uses 
fields  of  200  sq.  cm.  he  can  do  so.  The 
larger  fields  are  always  more  economical. 
Which  one  to  use,  however,  must  be 
decided  on  clinical  ground  alone. 

Another    use    of   the    charts    might    be 
mentioned    here.    The    percentage    depth 


radiation  at  10  cm.  depth  for  those  condi- 
tions is  46.8  per  cent. 

There  is  an  important  point  we  wish  to 
mention  concerning  the  results  which  we 
get  either  from  the  equation  or  from  the 
charts.  It  will  be  remembered  that  the 
experimental  work  was  done  with  a 
water-phantom  30  X  35  X  30  cm.  The 
results,  therefore,  are  based  on  this  volume 
of  water  as  the  absorbing  and  scattering 
medium.  If  in  practice  we  use  a  smaller 
^•olume  we  cannot  expect  to  apply  these 
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radiation  can  be  determined  from  the 
charts  for  the  conditions  of  treatment 
which  they  cover.  Thus,  using  Chart  VIII 
we  can  find  the  percentage  radiation  at 
10  cm.  depth  for  a  field  of  400  sq.  cm.,  a 
distance  of  70  cm.  and  a  filter  of  0.8  mm. 
Cu.,  by  drawing  a  line  p  from  70  on  the 
target-skin  distance  scale  to  the  cur\e  for 
0.8  mm.  Cu.  and  thence  a  line  q  to  the 
ratio  scale.  At  the  point  of  intersection  we 


find 


R, 


p'  =  0.468.    Hence   the   percentage 


results  without  introducing  a  substantial 
error  in  extreme  cases.  For  instance,  in 
treating  an  arm,  where  the  \  olume  is 
small,  the  actual  dose  delivered  at  the 
center  would  be  somewhat  smaller  than 
the  data  given  in  this  paper  would  indi- 
cate. Radiologists  have  been  using  paraffin, 
beeswax,  dough,  water  bags,  etc.  to  increase 
the  scattering  medium  in  such  cases  and 
thus  increase  the  depth  dose.  We  recom- 
mend a  similar  procedure,  for  the  addi- 
tional reason  that  the  conditions  then  will 
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approach  more  closely  experimental  condi- 
tions. For  this  purpose  the  volume  should 
be  built  up  to  approximately  the  30  X  35 
X30  cm.  water-phantom.  A  convenient 
way  of  doing  this  is  to  have  a  frame  into 
which  the  limb  to  be  treated  may  be 
placed.  Then  the  desired  volume  can  be 
obtained  by  means  of  rubber  bags  contain- 
ing; water.  The  bulk  of  the  ^"olume  may  be 
built  up  with  large  bags  and  the  intermedi- 
ate spaces  with  rubber  balloons  only  partly 
filled  with  water. 

SUMMARY 

1.  The  ionization  experiments  described 
in  this  paper  were  made  with  an  ionization 
chamber  fulfilling  the  requirements  set 
forth  by  Friedrich. 

2.  Precautions  were  taken  to  avoid  or 
correct  for  errors  inherent  in  such 
measurements. 

3.  The  data  obtained  led  to  the  follow- 
ing generalizations  which  to  our  knowledge 
have  not  been  made  before. 

A.  The  effect  of  the  size  of  the  field  on 
the  radiation  effective  at  any  particular 
tissue  depth  is  the  same  for  all  filters  and 
all  distances  used  in  practice. 

B.  The  effect  of  the  filter  on  radiation 
at  any  particular  tissue  depth  is  the  same 
for  all  skin  areas  and  all  distances  used  in 
practice. 

C.  If  all  the  dosage  factors  except  the 
target-skin  distance  are  the  same,  the 
relative  depth  doses  depend  only  on  the 
inverse  square  law. 

D.  For  purposes  of  skin  dosage  in  radio- 
therapy, the  inverse  square  law  is  applica- 
ble, provided  the  same  beam  of  radiation 


is     effective     at    the     different    distances 
considered. 

4.  An  empirical  equation  is  developed 
for  the  calculation  of  the  amount  of  radia- 
tion effective  at  any  tissue  depth  (includ- 
ing the  surface)  under  different  conditions 
of  treatment. 

5.  Tables  and  charts  of  the  factors 
in\olved  are  given.  They  are  for  a  voltage 
of  200  kv.  (crest  value)  and  a  typical 
American  machine. 

6.  From  the  data  available  in  the  litera- 
ture it  is  shown  that  these  factors  can  be 
used  by  radiologists  using  machines  of 
this  type  without  introducing  a  large  error 
in  the  calculations. 

7.  "Efficiency  charts"  for  a  number  of 
conditions  of  treatment  are  gi\en.  They 
enable  the  radiologist  to  determine  the  most 
economical  filter  and  target-skin  distance  to 
use  in  giving  any  particular  treatment. 

8.  The  charts  can  be  used  also  for  other 
purposes,  such  as  the  determination  of  the 
percentage  depth  dose,  the  number  of 
ports  of  entry  to  use  in  order  to  obtain  the 
desired  depth  dose,  etc. 

9.  Examples  are  worked  out  illustrating 
the  use  of  the  equation  and  the  charts. 

10.  The  limits  of  applicability  of  the 
generalizations,  the  equation  and  the 
charts  are  definitelv  set  forth.  The  data 
given  extend  only  slightly  beyond  the 
ranges  used  in  the  experiments,  so  that  no 
large  errors  are  introduced  by  the  extra- 
polations. We  believe  that  no  error  greater 
than  5  per  cent  plus  or  minus  will  result 
from  the  judicious  use  of  our  data  by 
American  radiologists. 

11.  Results  are  independent  of 
milliampere-minutes. 
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SURVEY  of  the  literature  on  the 
-J^  V  biological  efi'ects  of  x-rays  shows  that 
most  investigators  have  used  the  methods 
of  the  histologist  and  the  pathologist.  It 
is  clear,  however,  that  disturbances  which 
bring  about  directly  observable  changes  in 
cells  are  usually  of  a  rather  gross  nature 
and  that  the  more  delicate  functions  of 
cell  parts  cannot  easily  be  investigated  by 
such  methods.  In  the  investigations  to  be 
described  a  much  more  delicate  method  has 
been  applied.  The  recent  advances  in  the 
study  of  heredity  have  placed  a  new  tool 
in  the  hands  of  the  student  of  cellular 
physiology.  With  only  a  few  exceptions 
the  biologist  has  hitherto  been  limited  to 
the  observation  of  the  reactions  of  the 
nucleus  as  a  whole,  and  has  had  little  or 
no  opportunity  to  investigate  the  functions 
of  its  component  parts. 

Perhaps  the  most  striking  of  the  biolog- 
ical effects  of  x-rays  is  their  eflect  on  the 
chromatin  of  the  nucleus.  This  chromatin 
forms  the  main  constituent  of  the  chromo- 
somes. That  the  chromosomes  determine 
at  least  some  of  the  hereditary  characters 
is  now  beyond  doubt.  Such  hereditary 
characters  provide  a  method  of  "labeling" 
a  chromosome,  and  the  behavior  of  such 
a  character  in  heredity  provides  a  certain 
indication  of  the  functional  activity  of  the 
corresponding  chromosome.  This  new 
method  has  been  applied  to  the  study  of 
the  biological  effects  of  .v-rays.  The  experi- 
ments have  been  planned  to  show  the 
physiological  rather  than  the  anatomical 
effects  of  the  x-rays,  and  it  is  thought  that 
the  phvsiological  effect  is  the  primary  one 
and  offers  the  most  delicate  test  of  the 
reaction  of  the  cell  to  .v-rays.  It  is  believed 
that  the  effects  of  x-rays  on  the  chromo- 
somes are  of  such  a  fundamental  nature 
that  they  will  be  found  to  correspond 
throughout  the  animal  kingdom,  and 
therefore  that  the  experimental  animal 
may  be  chosen  with  reference  only  to  its 
suitability  for  the  experiments  and  without 


reference  to  its  place  in  the  animal 
kingdom. 

When  the  investigations  were  first  con- 
templated, a  careful  search  was  made  for 
the  most  suitable  biological  material  for 
x-ray  experimentation.  The  fruit-fly,  Dro- 
sophila  melanogaster,  was  chosen.  It  is  an 
animal  the  biology  of  which  is  well  known. 
It  is  easily  handled,  can  be  conveniently 
bred  in  large  numbers  and  has  a  short  life- 
history.  Its  small  size  makes  it  particularly 
suitable  for  x-ray  work,  since  for  ordinary 
voltages  (50,000  and  over)  all  parts  of  its 
body  receive  approximately  equal 
radiation. 

The  fruit  flies  are  easily  reared  on  fer- 
menting banana  jelly  in  small  bottles. 
Starting  in  the  egg,  they  pass  through  a 
larval  stage  lasting  about  five  days.  After 
this  they  become  pupae  and  complete  their 
metamorphosis  into  adult  flies  about  ten 
days  after  the  eggs  from  which  they 
hatched  were  laid.  The  males  are  easily 
distinguished  from  the  females,  and  by 
isolating  pupae  it  is  possible  to  mate  the 
flies  in  pairs  and  thus  to  get  exact  counts 
of  their  offspring  and  to  follow  a  given  gen- 
eration through  its  life-cycle. 

The  x-ray  treatment  was  given  with  a 
Coolidge  tube  with  tungsten  target.  In 
most  cases  this  was  water  cooled.  The  volt- 
age through  the  tube  was  always  the  same: 
50,000.  The  .v-rays  were  practically  unfil- 
tered,  having  to  pass  through  only  the  glass 
of  the  .v-ray  tube,  the  air,  and  a  single 
thickness  of  thin  paper  covering  the  small 
glass  cups  in  which  the  flies  were  contained 
(Fig.  i)  except  when  the  flies  were  shielded 
from  static  electricity  by  placing  them  in  a 
grounded  lead  box  covered  with  aluminum 
three  mills  in  thickness.  In  the  latter  case 
the  x-rays  had  also  to  pass  through  the 
aluminum.  The  current  passing  through 
the  x-ray  tube  \aried  with  the  experiment 
from  a  maximum  of  50  nuu  to  a  minimum 
of  T  ma.  The  distance  likewise  varied  from 
6.5  cm.  to  70  cm.  and  the  duration  of  the 


This  is  .-in  .abstract,  and  no  references  to  the  literature  are  here  given.  A  compictc  hst  of  the  literature  pertaining  to  the  investigations 
is  given  in  the  detailed  paper.     The  author  of  this  paper  was  awarded  third  prize.  $200.00.  in  the  Leonard  Prize  contest. 
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exposure  from  three  minutes  to  twenty 
hours  and  twenty  minutes.  Since  the 
voltage  was  in  every  case  the  same,  in 
specifying  the  dose  it  is  only  necessary  to 
give  the  intensity  and  the  duration.  A 
dose  corresponding  to  i  ma.  of  current 
through  the  tube,  received  at  a  distance  of 
10  cm.  from  the  target  and  lasting  for  one 
minute,  was  taken  as  a  unit  and  repre- 
sented by  D.  The  number  of  the  units,  D, 
in  any  of  the  doses  used  is  therefore  repre- 
sented by  the  formula: 

milliamperes  X  exposure  in  minutes 
(focal  distance  in  decimeters)^ 

The  first  investigation  was  a  determina- 
tion of  the  resistance  of  the  fly  to  x-rays 
at  the  various  stages  of  its  life  cycle.   A 


Fig.  1.  Diagram  of  arrangement  of  apparatus  used 
in  the  third  series  of  .v-ray  experiments  with  droso- 
phila. 

dose  which  was  just  suflicient  to  kill  50 
per  cent  of  the  animals  at  the  end  of  five 
days  was  taken  as  the  measure  of  the  resis- 
tance. A  more  accurate  result  is  obtained 
by  taking  the  dose  to  kill  50  per  cent  rather 
than  the  dose  to  kill  all,  since  in  the  case 
of  all  being  killed  the  dose  must  be  suffi- 
cient to  kill  the  most  resistant,  and  is 
therefore  a  measure  of  the  resistance  of 
that  fly  only,  while  in  the  case  of  50  per 
cent  being  killed  the  dose  represents 
approximately  the  average  resistance. 

The  results  of  this  investigation  are 
represented  in  the  graph  (Fig.  2).  In  the 
case  of  the  embryo,  50  per  cent  were  killed 
in  five  days  by  a  dose  of  8  D  (50  ma.,  i 
min.,  25  cm.).  The  resistance  gradually 
increases  with  age  until  during  the  latter 
half  of  the  larval  period  a  dose  of  32  D 
is  required  to  kill  50  per  cent  in  five  days. 
At  the  beginning  of  pupation  there  is  a 


slight  drop  in  the  resistance  followed  by  a 
sudden  increase  until  at  the  time  of  emer- 
gence of  the  adult  fly  a  dose  of  630  D  is 
required  to  kill  50  per  cent  in  five  days.  It 
was  necessary  to  obtain  this  data  as  a 
foundation  for  further  work  on  the  fruit 
fly.  Incidentally  the  data  show  that  the 
resistance  of  the  fly  increases  with  its 
metamorphosis  and  is  very  great  in  the 
adult  fly.  From  this  point  of  view  the  data 
provides  another  instance  of  the  well- 
known  theorem  that  actively  growing  and 
undifferentiated  tissue  is  the  most  sensitive 
to  radiation  while  tissue  which  has  become 
stationary  in  its  growth  processes  and  fully 


WAM. 

/ 

— 

E    ? 

/ 

•^       1- 

1 

0        >N 

/ 

0    c 

/ 

0  5 

0-=     600 

^ 

/ 

[ 

t- 

I8D  210  240         270  300hr& 

<EqgM Larva    >* Pupa m--  imago  - 

Age  when   rayed    in  hours 

Fig.  2.  Graph  showing  variation  with  age  of  resistance 
to  ^-ray  in  drosophlla. 

differentiated  is  the  most  resistant.  Experi- 
ments were  also  made  in  which  the  flies 
were  reared  at  different  temperatures. 
When  due  allowance  is  made  for  the  shorter 
or  longer  periods  of  development  at  those 
temperatures  the  effect  is  found  to  be  the 
same  for  the  same  dose.  By  breeding  the 
flies  treated  in  the  above  experiments  the 
sterilization  dose  was  determined.  It  was 
found  to  be  approximately  50  D  for  the 
female. 

Since  the  experiments  which  follow  deal 
with  the  effect  of  .v-rays  on  the  germ  cells 
it  will  be  well  to  review  briefly  what  is 
known  of  the  phenomena  of  reproduction 
in  the  fruit  fly,  filling  in  the  gaps  from  our 
knowledge  of  the  phenomena  in  other 
insects.  The  eggs  are  arranged  in  the 
ovaries  in  series  (Fig.  3)  there  being  about 
twenty  such  series  in  each  ovary.  In  any 
one  series  the  eggs  nearest  the  oviduct  are 
more  nearly  mature  than  those  farther 
from  it.  At  any  one  time  there  are   from 
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twenty  to  forty  eggs  in  the  same  stage 
of  the  maturation  process.  A  somewhat 
similar  condition  occurs  in  the  case  of  the 
testis.  There  the  stages  in  the  development 
of  the  spermatozoa  are  arranged  in  series 
in  such  a  way  that  the  more  advanced 
stages  occur  nearest  to  the  ducts. 

The  effect  of  radium  rays  on  the  testis 
of  a  locust  has  been  investigated  by  Mohr 
and  two  of  his  illustrations  are  reproduced 
in  Figure  4.  This  insect  is  especially  favor- 
able for  the  study  of  the  germ  cells.  The 
figure  shows  very  clearly  that  the  radium 


Fig.  3.  Female  generative  organs  of  drosopliila.  d. 
oviducts;  o.  ovaries;  s.  spermathccae;  u.  uterus. 
After  Nonidez.  , 

rays  affected  only  cells  in  certain  stages 
of  development.  In  the  testis  the  primitive 
germ  cells  or  spermatogonia  continue  to 
multiply  throughout  the  life  of  the  animal. 
The  process  of  spermatogenesis  by  which 
spermatozoa  are  formed  from  the  sperma- 
togonia begins  as  the  animal  approaches 
maturity  and  continues  during  the  rest 
of  its  life.  In  spermatogenesis,  a  period 
during  which  the  spermatogonia,  now 
called  primary  spermatocytes,  enlarge  in 
size  and  the  chromosomes  become  asso- 
ciated in  pairs,  called  the  growth  period, 
is  followed  by  the  maturation  period  in 
which  there  are  two  cell  divisions.  The 
chromosomes  are  small  bodies  of  character- 


istic size  and  shape  which  occur  in  the 
nuclei  of  all  the  cells  in  the  animal.  The 
number,  size  and  shape  of  the  chromosomes 
in  the  nuclei  of  the  body  cells  or  primitive 
germ  cells  of  any  species  of  animal  is  con- 
stant and  whenever  such  a  cell  divides 
the  chromosomes  di\ide.  During  the 
maturation  divisions,  however,  the  number 
of  chromosomes  in  a  cell  becomes  halved, 
owing  to  the  fact  that  in  the  primary 
spermatocytes,  referred  to  above,  the 
chromosomes  become  associated  in  pairs 
and  at  the  first  maturation  division  the 
members  of  these  pairs  simply  separate, 
one  member  going  to  each  of  the  secondary 
spermatocytes  which  then  contains  the 
ec[uivalent  of  only  half  the  chromosomes  of 
a  body  cell  or  primary  germ  cell.  Since 
the  chromosomes  divide  at  the  second 
maturation  division  the  mature  sperm 
ha^'e  also  half  the  chromosomes  contained 
in  the  primlti\e  germ  cell. 

Mohr's  work  on  the  locust  and  less 
clearly  the  work  of  other  investigators  on 
different  animals,  including  mammals, 
shows  that  the  stage  in  the  development 
of  the  spermatozoa  in  the  testis  which  is 
most  susceptible  to  x-rays  is  the  one 
referred  to  as  the  growth  period  during 
which  the  chromosomes  become  arranged 
in  pairs  previous  to  the  first  maturation 
division. 

The  processes  by  which  a  mature  egg  is 
formed  from  a  primiti\'e  germ  cell  are 
exactly  similar  to  those  described  as  occur- 
ring in  the  development  of  the  spermatozoa, 
there  being  a  period  of  increase  in  size  and 
pairing  of  the  chromosomes  followed  by 
two  maturation  divisions  during  which 
the  number  of  chromosomes  in  the  cell 
is  haKed.  The  work  of  the  writer  on  the 
fruit  fly  shows  that  in  the  case  of  the 
development  of  the  egg,  as  in  that  of  the 
sperm,  the  most  sensitive  stage  is  probably 
also  the  growth  period  during  which  the 
chromosomes  are  paired,  although  the 
period  of  the  two  maturation  divisions  is 
almost  but  not  quite  as  sensiti^  c.  When 
virgin  females  of  the  fruit  fly  are  treated 
with  .v-rays  (50  ma.,  3  min.,  15  sec,  25  cm.) 
they  produce  a  few  offspring  at  the  begin- 
ning of  the  normal  reproductive  period  and 
then  are  sterile  for  a  period  (5  to  6  days) 
corresponding     to     the     period     elapsing 
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between  the  beginning  of  the  growth 
period  and  the  formation  of  the  mature 
egg.  The  studies  on  crossing  over  to  be 
described  later  show  that  the  beginning  of 
the  growth  period  is  probably  the  most 
sensitive  stage  in  the  ovary. 

There  is  a  considerable  body  of  evidence 
to  show  that  the  chromosomes  are  partic- 
ularly  susceptible  to  x-rays.    It   becomes, 


(in  this  case  four)  of  chromosomes  in  the 
body  cells  and  primitive  germ  cells  are  not 
composed  of  equal  partners,  there  being 
one  pair  in  which  they  are  markedly 
diflerent  (Fig.  5).  These  chromosomes  are 
called  the  X  and  Y  chromosomes.  During 
the  process  of  spermatogenesis  these 
chromosomes  become  separated  so  that 
halt    of  the   spermatozoa    contain   one   X 


B 


^ 
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Fig.  4.  Longitudinal  sections  through  testes  of  Dectitus  A.  normal  testis 
from  control;  B.  testis  from  individual  treated  with  radium.  Note  that 
the  region  of  the  testis  affected  is  that  occupied  by  the  early  stages 
of  the  primary  spermatocytes.  The  nuclei  of  these  cells  in  the  irradiated 
testis  are  represented  by  black  bodies  of  irregular  size  and  the  cytoplasm 
is  in  some  cases  completely  disintegrated.  After  Mohr. 


therefore,  of  importance  to  discover  just 
how  they  are  affected  and  at  what  stage. 
The  next  series  of  experiments  by  the 
writer  throws  light  on  this  question.  In 
order  to  explain  the  method  of  experimen- 
tation it  is  necessary  to  add  somewhat  to 
the  description  already  gi^•en  of  the  de^'el- 
opment  of  the  germ  cells.  In  the  male  fruit 
fly  it  has   been   found   that   all  the   pairs 


chromosome  and  half  one  Y  chromosome. 
In  the  female  the  case  is  different,  the  place 
of  the  Y  chromosome  being  taken  by  an 
X  chromosome  so  that  there  is  a  perfect 
pair  in  this  sex  and  each  mature  egg  con- 
tains one  X  chromosome.  When  an  egg  is 
fertilized  by  a  sperm  containing  an  X 
chromosome  it  develops  into  a  female  and 
when  it  is  fertilized  by  a  sperm  containing 
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a  Y  chromosome  it  develops  into  a  male. 

Through  the  extensive  work  on  heredity 
in  this  species  of  fly  it  is  possible  to  asso- 
ciate with  the  X  chromosome  certain 
definite  and  easily  recognizable  characters 
in  the  aduR.  It  is  therefore  possible  to 
treat  the  eggs  of  these  flies  (which  is  done 
by  treating  the  entire  adult  female)  with 
x-rays  and  by  an  examination  of  the  flies 
which  develop  to  determine  the  presence 
or  absence  of  the  X  chromosome.  Such  was 
the  plan  of  the  experiments  of  the  writer, 
and  they  have  shown  that  x-rays  when 
applied  to  the  egg  during  the  process  of 
oogenesis  may  cause  either  the  elimination 
of  the   X   chromosome   from   the   egg,   in 


Fimaic 


Male 


Fig.  5.  Chromosomes  of  drosophila.  Above  and  to  the 
left  those  of  the  female  inckidingtwoX  chromosomes, 
and  to  the  right  those  of  the  male  containing  one  X 
and  one  Y  chromosome.  Below  XXY  female  showing 
the  result  of  nondisjunction  of  the  X  chromosomes. 
After  Bridges. 

which  case  an  egg  without  any  X  chromo- 
some is  formed,  or  the  inclusion  of  two  X 
chromosomes  in  one  egg.  When  these  eggs 
are  fertilized  they  are  viable  and  develop 
into  exceptional  offspring  which  may  be 
recognized  by  their  inherited  characters. 
When  an  egg  containing  no  X  chromosome 
is  fertilized  by  a  sperm  containing  an  X 
chromosome  it  develops  into  a  male,  while 
ordinarily  an  egg  fertilized  by  a  sperm 
containing  an  X  chromosome  gl\es  rise 
to  a  female.  When  an  egg  containing  two 
X  chromosomes  is  fertilized  by  a  sperm 
containing  a  Y  chromosome  it  develops 
into  a  female,  while  ordinarily  an  egg 
fertilized  by  a  sperm  containing  a  ^' chro- 


mosome gives  rise  to  a  male.  Such  females 
are  exceptional  in  their  inherited  characters 
and  in  most  cases  are  fertile  and  give  rise 
themselves  to  exceptional  offspring,  so  that 
the  exceptional  condition  is  inherited.  The 
relation  between  the  time  at  which  the  x- 
rav  treatment  was  given  and  the  time  at 
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Fig.  6.  Graph  of  time  of  emergence  of  exceptional  sons 
of  x-rayed  females  in  third  series  of  .v-ray  experi- 
ments with  drosophila.] 

which  the  exceptional  males  and  females 
were  produced  is  of  great  interest.  This  is 
shown  for  the  males  in  the  graph  (Fig.  6). 
It  will  be  noticed  that  the  exceptional  flies 
are  produced  during  one  of  two  periods, 
either  one  to  three  days  after  the  treatment 
or  five  to  nine  days  after  the  treatment.  It  is 
possible  that  the  first  group  of  exceptional 
Hies  arose  from  eggs  which  were  approach- 
ing the  second  maturation  di\ision  and 
that  those  of  the  second  group  arose  from 
eggs  which  were  approaching  the  first 
maturation  division  at  the  time  of  the 
treatment.  It  is  not  necessary  to  assume 
a  latent  period  in  this  action  of  the  .v-rays. 
Indeed  it  is  improbable  that  any  consider- 
able time  elapses  between  the  time  of  .v-ray 
treatment  and  the  time  at  which  the  cell 
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becomes  modified  in  such  a  way  as  to 
produce  an  abnormal  distribution  of  the 
chromosmes. 

One  important  result  of  the  experiments 
is  the  demonstration  that  of  all  parts  of 
the  cell,  the  hereditary  material  responds 
most  easily  to  the  effects  of  .x-ray  treat- 
ment. This  is  made  clear  by  the  fact  that 
the  exceptional  flies  which  de\elop  from  the 
x-rayed  eggs  are  normal  in  every  way 
except  their  hereditary  behavior.  It  is 
possible  that  we  see  here  the  nearest 
approach  to  a  specific  effect  of  x-rays  yet 
discovered  since  no  other  physical  or  chem- 
ical agent  which  produces  this  effect  is  at 
present  known.  The  series  of  experiments 
shows  that  there  is  in  the  effect  of  x-rays 
on  the  germ  cells  a  very  clear  case  of 
an  external  agent  which  modifies  the 
mechan  ism  of  inheritance  in  such  a  way 
that  a  permanent  effect  is  produced 
which  is  transmitted  through  successive 
generations. 

In  another  series  of  experiments  a  still 
more  delicate  method  has  been  used  to  test 
the  effect  of  .x-rays  on  the  chromosomes. 
It  Is  found  that  in  the  female  the  chromo- 
somes of  any  one  pair  may  interchange  the 
character  determiners  which  they  carry. 
Thus  one  chromosome  of  a  pair  (in  this 
case  an  X  chromosome)  may  be  known  to 
carry  the  determiners  for  eosin  eye  color 
and  miniature  wings,  and  the  other  chromo- 
some of  the  pair  the  alternative  normal 
characters  corresponding  to  these,  namely, 
red  eye  color  and  normal  wings.  These 
chromosomes  may  Interchange  characters 
so  that  one  contains  the  determiners  for 
eosIn  eye  color  and  normal  wings  and  the 
other  the  determiners  for  red  eye  color 
and  miniature  wings.  Under  natural  con- 
ditions the  frequency  of  this  exchange  is 
quite  definite  and  the  per  cent  of  cases  In 
which  it  occurs  is  called  the  crossover  value 
of  the  characters  concerned.  The  Inter- 
change in  all  probably  occurs  during  the  syn- 
apsis stage.  It  is  believed  to  depend  on  some 
physical  property  of  the  chromosomes. 

Experiments  were  de\'ised  to  test  the 
effect  of  .x-rays  on  the  crosso^er  ^•alue  both 
in  the  case  of  the  X  or  sex  chromosome  and 
the  second  pair  of  chromosomes.  In  the 
case  of  the  X  chromosomes  it  was  found 
that  x-ray  treatment  decreases  the  amount 


of  interchange  or  the  crossover  value,  as 
It  Is  called.  In  the  particular  case  investi- 
gated the  normal  crossover  value  was  30 
and  after  .x-ray  treatment  was  reduced  to 
10.  The  experiment  was  made  of  varying 
the  duration  of  the  dose  while  keeping  the 
dose  Itself  (intensity  X  time)  constant. 
It  w'as  found  that  within  a  factor  of  375 
(3  min.  15  sec.  and  20  hrs.  20  min.)  no 
difference  could  be  observed.  Since  the 
effect  of  the  x-ray  treatment  on  the  inter- 
change of  the  hereditary  determiners  was 
evident  over  a  relatively  long  period  (six 
days)  and  the  interchange  itself  occupies 
a  shorter  time,  the  experiments  show  that 
the  effect  of  the  x-ray  treatment  is  not 
directly  on  the  process  of  interchange,  but 
rather  on  the  physical  condition  of  the 
chromosomes  or  the  surrounding  proto- 
plasm. There  is  a  large  body  of  evidence 
which  goes  to  show  that  the  hereditary 
determiners  are  arranged  in  the  chromo- 
somes in  a  linear  series  and  that  the  inter- 
change of  these  determiners  between  the 
chromosomes  is  due  to  the  two  chromo- 
somes of  a  pair  breaking  at  corresponding 
points  and  interchanging  corresponding 
parts.  It  has  been  shown  that  temperature 
affects  the  amount  of  Interchange  (crossing 
over)  in  the  second  chromosome  and  that 
temperature  does  not  afiect  the  amount  of 
interchange  in  the  X  chromosome.  It  Is, 
therefore,  probable  that  In  the  effect  of 
x-rays  on  the  interchange  of  hereditary 
determiners  in  the  X  chromosomes  there  is 
a  specific  eflect  of  .x-rays,  since  all  other 
attempts  to  produce  the  same  eflect  by 
using  other  physical  and  chemical  agents 
have  failed. 

Experiments  were  also  carried  out  on 
the  effect  of  x-rays  on  the  interchange  of 
hereditary  determiners  located  In  the 
second  pair  of  chromosomes.  In  this  case 
the  x-ray  treatment  was  found  to  increase 
the  amount  of  interchange.  In  one  of  the 
cases  Included  in  the  experiments  a  normal 
crossover  value  of  approximately  5  was 
Increased  by  .x-ray  treatment  to  approxi- 
mately 25.  It  was  also  found  that  the  .x-rays 
affect  to  a  different  extent  the  interchange 
In  difl'erent  parts  of  the  second  chromosome. 

It  should  be  emphasized  that  while 
certain  theories  regarding  the  mechanism 
of  inheritance  have  been  used  to  explain 
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the  results  of  the  x-ray  experiments,  the 
results  themselves  depend  in  no  way  on 
any  assumptions  regarding  the  mechanism 
of  inheritance,  but  entirely  on  the  statis- 
tical findings  of  experiments.  The  general 
results  of  the  experiments  may  be  summar- 
ized as  follows: 

1.  A  curve  showing  the  variation  of 
susceptibility  to  .v-rays  with  age  in  the 
fruit  fly,  Drosophila,  has  been  obtained. 
This  curve  shows  a  sudden  decrease  in 
susceptibility  during  the  latter  part  of 
metamorphosis,  that  is,  after  the  main 
structure  of  the  adult  fly  has  been  laid 
down. 

2.  The  sterilizing  dose  of  .\-rays  is  small 
compared  to  the  lethal  dose  for  the  adult 
fly.  A  dose  can  be  found  which  gives  tem- 
porary sterilization.  In  this  case  the  mature 
eggs  are  still  fertile,  the  sterile  period 
beginning  after  their  deposition. 

3.  The  experiments  show  that  .x-ray 
treatment  atlects  the  distribution  of  the 
chromosomes  during  the  maturation  of 
the  egg,  and  that  such  eggs,  although  their 
structure  has  been  altered  by  the  .v-rays, 
may  nevertheless  develop  into  adult  flies 
and  produce  offspring. 

4.  The  eflect  of  the  .v-rays,  consisting  in 
an  irregular  distribution  of  the  chromo- 
somes, is  inherited. 

5.  X-rays  may  cause  a  modification  in 
the  interchange  of  hereditary  determiners 
between  chromosomes.  The  effect  of  the 
same  dose  is  not  the  same  in  each  of  the 
pairs  of  chromosomes  nor  in  the  difierent 
parts  of  any  one  pair  of  chromosomes. 
In  the  first  or  X  chromosomes  the  amount 
of  interchange  is  decreased,  while  in 
the  second  pair  of  chromosomes  it  is 
increased. 

6.  The  etlect  of  .v-rays  on  the  inter- 
change of  hereditary  determiners  is  not 
directly  on  the  process  of  interchange  but 
on  the  chromosomes  or  the  protoplasm 
surrounding  them. 

7.  The  duration  of  the  v-ray  treatment 
for  the  modification  of  the  interchange  of 
hereditary  characters  is  immaterial  pro- 
vided the  product,  intensity  X  time,  is 
kept  constant. 

8.  Reasons  are  gi\en  for  considering 
that  certain  of  the  cil'ccts  of  .v-rays  on  the 


mechanism  of  inheritance  are  specific. 

It  is  perhaps  premature  to  discuss  the 
bearing  of  these  results  on  the  practical 
use  of  x-rays.  Certain  points  maj',  however, 
be  noted.  The  experiments  show  that  Ar- 
rays provide  the  first  really  practical  and 
universally  applicable  method  of  modify- 
ing inheritance.  In  this  respect  .v-rays  will 
probably  prove  of  great  value  in  the  study 
of  heredity,  and  this  study  will  in  turn 
throw  further  light  on  the  biological  effects 
of  .v-rays.  Whether  .v-rays  will  ever  be 
applied  to  modify  inheritance  for  practical 
purposes,  for  example,  in  agriculture,  is  a 
question. 

It  is  known  that  the  mechanism  of 
inheritance  in  man  is,  at  least  in  its  main 
outlines,  identical  with  that  which  occurs 
in  the  fly  and  other  animals.  The  behavior 
of  the  chromosomes  is  the  same  and  there 
is  an  uneven  pair.  Hereditary  characters, 
such  as  color-blindness  and  hemophilia, 
behave  in  a  manner  precisely  similar  to  the 
characters  located  in  the  X  chromosomes 
of  the  fruit  fly.  The  results,  therefore,  so 
far  as  they  go,  are  directly  applicable  to 
the  human  subject.  It  is  of  course  highly 
improbable  that  .v-rays  w^ill  ever  be  used 
intentionally  to  modify  human  inheritance. 
However,  with  the  present  use  of  .v-raj^s 
both  therapeutically  and  for  the  production 
of  temporary  sterilization  it  is  not  unlikely 
that  modifications  may  be  produced,  espe- 
cially as  we  already  know  of  a  number  of 
cases  of  children  born  of  mothers  whose  gen- 
erative organs  had  receued.v-ray  treatment. 

It  is  believed,  however,  that  it  is  not  in 
the  field  of  heredity  that  these  results 
will  be  found  to  be  of  the  greatest  signifi- 
cance. The  methods  used  in  these  experi- 
ments to  test  for  biological  eflects  of  .v-rays 
are  undoubtedly  much  more  delicate  and 
far-reaching  than  any  hitherto  applied. 
These  methods  provide  a  means  of  analyz- 
ing the  eflects  of  .v-rays  on  cells.  The\'  show 
how  .v-rays  may  produce  a  permanent 
change  in  a  cell  without  altering  its  vitality. 
A  method  of  experimentation  has  been 
developed  indicating  lines  of  further 
in\estigation  which  may  help  toward  a 
clear  understanding  of  the  exact  physical 
and  chemical  changes  produced  by  .v-rays  in 
li\  ing  proto]3lasm. 
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INTRODUCTORY 

FOR  years  attempts  have  been  made  to 
modify  the  germ  plasm  of  a  living 
organism.  Various  agents  have  been  em- 
ployed, many  chemical,  many  purely 
physical.  Among  the  latter,  radioactive 
substances  such  as  radium  or  niesothorium 
have  been  utilized.  Roentgen  rays  have  also 
been  used.  The  object  of  this  communica- 
tion is  to  present  a  simple  experiment  in 
the  application  of  x-rays  to  adult  mice, 
together  with  a  study  of  the  appearance 
and  inheritance  of  two  peculiar  types  of 
abnormality  among  the  descendants  of 
the  animals  so  treated. 

The  two  types  of  abnormality  described 
are  striking,  and,  for  the  most  part,  unfav- 
orable to  the  animals  possessing  them. 
The  situation  is  therefore  of  interest,  not 
only  to  students  of  heredity,  but  also  to 
medical  men  interested  in  the  theory  or 
practice  of  roentgen-ray  therapy. 

It  will  be  well  to  state  at  the  outset  that 
no  far-reaching  claim  or  assertion  is  made 
on  the  basis  of  the  facts  here  presented. 
The  situation  is  merely  one  of  clear  and 
characteristic  new  forms,  and,  occurring 
as  they  do  in  a  mammal,  they  should,  we 
feel,  prove  a  source  of  speculation  to  all 
those  to  whom  the  great  possibilities  of 
the  physical  agents  as  modifying  elements 
in  biology  or  medicine  have  made  their 
appeal. 

Two  main  facts  are  of  prime  importance 
to  any  experiment  with  .v-rays.  These  are 
the  family  and  case  histories  of  the  individ- 
uals used,  and  the  amount  and  nature  of 
the  radiation  to  which  they  were  subjected. 

History  of  Stock  of  Mice  Used.  For  the 
benefit  of  the  reader  who  has  not  followed 
in  detail  the  development  of  genetics 
during  the  past  two  decades,  it  should  be 
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noted  that  mice  are  to  be  looked  upon  as, 
in  a  way,  the  pioneers  among  mammalian 
material  used  for  experimental  breeding. 
The  hereditary  beha\ior  of  more  than  one 
hundred  color  varieties  is  known  and  has 
been  carefully  recorded.  Numerous  investi- 
gators have  for  years  been  studying  and 
placing  on  file  data  of  the  methods  of 
inheritance  of  their  morphological,  physi- 
ological and  psychological  traits  The 
result  naturally  is  that  new  variations — 
new  abnormalities — are  clearly  recogniza- 
ble and  can  at  once  be  compared  with  all 
known  types  in  existence. 

The  race  or  stock  used  in  this  experiment 
was  composed  of  brown  mice,  a  race  which 
for  some  years  had  been  carried  on  as  a 
fancy  pen  or  strain  of  poultry  would  be, 
\\ithout  the  introduction  of  any  new  blood. 
They  were  therefore  sufficiently  inbred  to 
have  given  ample  opportunity  for  the 
cropping  out  of  any  latent  defects  oi  the 
types  to  be  described.  The  failure  of  such 
abnormalities  to  appear  in  the  stock  either 
before  treatment  with  x-rays  or  in  the 
2,000  control  animals  from  the  same  stock 
while  under  close  observation  and  study, 
forms  strong  evidence  that  the  x-rays 
themselves  were  the  agent  that  actuallj^ 
brought  about  the  changes  producing  the 
abnormalities. 

History  of  the  Individuals  Used.  Four 
female  and  three  male  mice,  all  adults, 
were  used  in  the  experiment  described. 
None  of  the  females  were  pregnant  at  the 
time  of  exposure.  The  numbers  (for 
identification)  of  the  females  were  83,  84, 
85  and  86;  and  of  the  males,  36,  40  and  42. 
The  mice  were  in  good  health  at  the  time 
of  exposure  and  remained  so  afterward. 
They  did  not,  however,  produce  any 
young  until  more  than  ten  weeks  after 
radiation.  This  seems  to  indicate  clearly 


"  The  authors  of  this  paper  were  awarded  honorary  mention  in  the  Leonard  Prize  contest. 
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d)  that  none  of  the  young  descended  from 
them  could  have  been  in  utero  during 
the  exposure  (the  gestation  period  bemg 
approximately  twenty-one  days)  and  (2) 
that  the  estrous  cycle  and  process  of 
ovulation  was  badly  disturbed,  or  that  it 
was  normal  but  that  several  of  the  ovula- 
tions following  exposure  produced  only 
dead  or  impotent  eggs,  or  that  the  vaginal 
or  uterine  secretions  were  so  altered  by 
radiation  that  no  sperm  could  sur\i\e  long 
enough  to  reach  the  o\  a. 

Unfortunately  the  males  were  not  sep- 
arately tested,  and  it  is  not  possible,  there- 
fore, to  say  whether  they  were  affected  or 
not.  Since  the  exposure,  however,  was 
dorsal  and  the  testes  were  well  protected 
from  above  by  their  ventral  position,  it 
seems  much  more  likely  that  the  ovaries 
were,  of  the  two  types  of  gonads,  the  more 
readily  reached,  and  therefore  the  more 
easily  modified. 

Exposure.  The  dosage  was  of  twelve 
seconds'  duration  on  each  of  five  suc- 
cessive days.  The  target  skin  distance  was 
12  in.;  the  mllliamperage  10;  the  spark- 
gap  2}^  in.  No  filter  was  used.  The  whole 
amounted  to  ^i  of  a  human  erythemal 
dose  given  over  the  whole  dorsal  surface 
of  the  animal  on  each  of  five  successive 
days.  Other  groups  of  animals  received 
heavier  doses,  but  need  not  be  described 
here.  As  before  stated,  the  treated  mice 
showed  no  ill  effects  other  than  the  tem- 
porary slowing  down  of  breeding  already 
mentioned.  Leaving  now  the  account  of 
the  experimental  animals,  let  us,  before 
describing  their  descendants,  examine  very 
briefly  the  work  done  by  other  investi- 
gators while  trying  to  modify  the  germ 
plasm  with  v-rays,  or  to  test  their  direct 
effects. 

HISTORICAL 

Attempts  to  modify  the  germ  plasm  by 
the  use  of  x-rays,  radium,  or  other  radio- 
active substances  have  been  fairly 
frequent.  The  peculiar  action  of  rays  on 
protoplasm  and  their  great  possibilities  as 
modifying  agents  of  its  normal  processes 
are  nowhere  more  clearly  shown  than  by 
the  series  of  experiments  by  Oscar,  Guen- 
ther,  and  Paula  I  lertwig  on  the  eggs  and 
sperms  oi  ac|uatic  forms. 


Among  other  things,  they  were  able  to 
demonstrate  what  amounted  to  a  selective 
action  of  radium  rays  on  the  nucleus  or 
nuclear  material  of  the  sperms  and  unfer- 
tilized eggs  of  frogs.  When  medium 
doses  of  radiation  were  used  and  the 
treated  sex  cell  was  fertilized  by  a  normal 
untreated  se.x  cell  of  the  opposite  sex,  the 
resulting  larva  was  deformed,  abnormal 
and  not  particularly  viable.  When,  how- 
ever, a  heavier  dose  was  used,  the  nucleus 
of  the  sex  cell  was  completely  prevented 
from  participating  in  cell  division  and 
development.  An  embryo  was  formed  con- 
sisting of  the  nucleus  of  the  untreated  cell 
and  the  cytoplasm  of  both  sex  cells,  such 
as  it  was.  In  these  cases  the  embryos, 
which,  as  can  be  seen,  were  in  a  way  pseudo- 
parthenogenetic,  developed  normally  but 
were  of  a  smaller  size  than  the  control 
embryos  neither  of  whose  ancestral  sex 
cells  had  been  treated  by  radiation. 

This  work  does  not  prove  the  modifica- 
tion of  the  germ  plasm  within  the  soma 
to  be  possible.  Neither  does  it  attempt  to 
test  whether  these  abnormalities  induced 
by  the  direct  exposure  of  sex  cells  are 
inherited.  It  does,  however,  show  that 
direct  exposure  of  sex  cells  may  result  in 
modifying  the  nuclei  of  these  cells  m  such 
a  way  as  to  produce  abnormal  individuals. 

Fraenkel  has  reported  on  a  small  series 
of  experiments  with  .v-rays  on  guinea-pigs. 
He  found  that  the  effect  of  exposure  dif- 
fered in  young  and  old  animals.  Thus,  in 
adults  there  was  a  marked  difference  in 
the  surface  of  the  o\'aries.  That  of  the 
control  was  covered  with  protuberances, 
the  Graafian  follicles,  while  in  the  treated 
animals  these  had  completely  disappeared. 
By  using  pregnancy  as  a  test,  he  was 
able  to  conclude  that  radiation  of  young 
animals  slowed  down  the  growth  rate, 
but  that  in  such  animals  pregnancy  oc- 
curred proportionately  much  sooner  after 
treatment  than  in  the  case  of  radiated 
adults.  It  is  interesting  to  note  in  passing 
that  none  of  the  treated  mice  in  our  experi- 
ments produced  young  for  at  least  ten 
weeks  alter  treatment.  They  were  adults 
of  reproductive  age  when  treated  and  the 
result  parallels  closely,  therefore,  that 
described  by  Fraenkel.  The  rays  in  his 
experiment  wore  applied  from  the  direction 
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of  the  head  vertically  through  the  body. 
The  few  young  which  were  obtained  from 
exposed  animals  were  undersized.  They 
also  possessed  bald  spots  in  the  same 
regions  as  those  which  became  bald  in  the 
exposed  animals  thcmsel\es.  He  considers 
this  to  be  a  case  of  inheritance  of  an 
acquired  character.  As  before  stated,  his 
numbers  are  too  small  to  be  conclusive, 
and  true  inheritance  as  such  is  not  pro^"en 
because  he  uses  treated  females,  and  the 
possibility  of  the  transmission  of  a  direct 
cytoplasmic  change  cannot  be  disregarded 
and  is  most  certainly  to  be  considered 
until  eliminated. 

In  a  paper  reported  at  the  Christmas 
meetings  of  the  American  Society  of  Zoolo- 
gists at  Boston  (1922)  Hanson  describes 
the  preliminary  results  of  a  series  of  experi- 
ments with  .v-rays  on  rats.  For  the  most 
part,  the  effects  which  he  describes  are  the 
result  of  direct  radiation  of  animals  in 
utero.  In  several  animals  so  treated  a  few 
days  before  their  birth,  serious  eye  defects, 
hemorrhage  of  the  brain,  paralysis  and 
sterility  are  among  the  results  noted.  It  is 
interesting  to  note  that  Bagg  found  that 
both  rats  and  mice  treated  with  radium 
while  in  utero  showed  eye  abnormalities 
and  distinct  nervous  symptoms,  tremors, 
and  various  degrees  of  ataxia. 

Both  these  series  of  results  suggest  the 
interesting  similarity  between  the  condi- 
tions found  in  treatment  in  utero  and  those 
observ^ed  in  certain  of  the  descendants  of 
x-rayed  adult  animals  reported  in  this 
paper. 

Two  other  experiments  may  be  briefly 
cited  as  showmg  perhaps  more  clearly  an 
upset  of  a  definite  sort  in  the  internal 
organization  of  the  sex  cell.  The  first  of 
these  is  the  work  done  by  Mavor  on  the 
fruit  fly,  Drosophila  melanogaster.  Here 
the  cytology  and  genetic  constitution  of 
the  types  used  ha\'e  been  well  worked  out. 
It  has  been  clearly  shown  that  a  certain 
group  of  hereditary  characters  are  either 
carried  in  or  depend  for  their  expression 
upon  a  particular  chromosome.  ]Mavor 
treated  young  female  flies  with  x-rays  and 
found  in  their  ofi"spring  an  unusually 
high  proportion  of  cases  involving 
abnormal  distribution  of  the  halves  of 
a    particular   chromosome  at  maturation. 


The  eflect  was  that  in  many  cases  this 
chromosome  failed  to  divide,  with  the 
result  that  the  egg  cell  either  had  a  double 

Pro 

representation  of  the  chromosome  or  else 
failed  to  recei\e  it  at  all.  The  tendency  to 
excessive  abnormalities  in  the  distribution 
of  the  chromosome  in  question  was  handed 
on  for  several  generations. 

Blakeslee  and  Gager  working  with  the 
jimson  weed.  Datura  stramonium,  found 
a  somewhat  similar  increase  in  the  appear- 
ance of  abnormalities  in  chromosome  dis- 
tribution following  treatment  with  radium. 
They  reported  on  this  work  at  the  Christ- 
mas meeting  of  the  A.  A.  A.  S.,  1922. 
They  had  not  carried  the  work  far  enough 
to  determine  whether  the  abnormalities  so 
produced  were  going  to  be  handed  down 
to  the  descendants  of  the  treated  plants. 

With  these  various  facts  in  mind,  it  is 
not  surprising  that  the  use  of  physical 
agents  should  be  suggested  as  a  promising 
means  of  trying  to  reach  into  the  germ 
cells  and  there  upsetting  the  normal  type 
of  organization  by  a  new  one  that  is  self- 
perpetuating  by  inheritance. 

DESCRIPTION'   OF    EYE   ABNORM.ALITIES' 

Drawings  and  photographs  of  animals 
showing  this  particular  type  of  eye  abnor- 
mality are  shown  in  Figures  i  to  15 
inclusive.  In  describing  the  abnormality 
it  has  been  spoken  of  as  one  involving  the 
eye  alone.  This,  however,  is  far  from  being 
the  case.  A  moment's  consideration  of 
Figures  9,  13,  14  and  15  will  show  clearly 
other  regions  that  are  definitely  abnormal. 
Thus  Figures  9,  13  and  14  show  a  fairly 
common  expression  of  the  abnormality. 
This  type  is  acephalic  and  also  extremely 
pale  in  color.  Such  animals  are  born  dead. 
Usually  by  the  time  they  are  discovered  in 
or  near  the  nest,  they  have  had  all  the  brain 
or  other  material  within  the  cranial  cavity 
remo\ed  by  their  mother.  In  one  case, 
however,  we  obtained  such  a  young  mouse 
so  soon  after  birth  that  its  mother  did  not 
have  time  to  begin  the  process.  This 
mouse  had  a  clear  lesion  of  the  cranial 
region  with  a  dried  crusty  scab  on  the 
surface.  The  cranial  cavity  seemed  filled 

'  It  is  customary  in  genetics  to  give  each  inheritable  character 
the  heredity  of  which  has  been  investigated,  a  letter  by  which  to 
designate  it.  This  letter  is  used  in  expressing  its  formula  as  regards 
mendelian  inheritance.  The  letter  is  given  here  merely  to  make 
identification  of  the  character  easy  in  connection  with  other 
publications  in  which  it  may  be  used. 
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with  fluid  giving  a  rather  marked  hydro- 
cephaly. It  is  undoubtedly  true  that  the 
other  mice  of  this  "pale  fetus"  type  had 
simihir  lesions. 

Figure  15  shows  another  modification  of 
the  abnormality.  In  this  case  the  upper  jaw 
has  been  shortened  and  twisted  upward 
producing  a  "bull-dog"  mouse.  Animals 
of  this  general  type,  but  somewhat  less 
extreme  than  the  individual  figured,  have 
survived  for  a  considerable  period  of  time. 


Fig.  I.  Mouse  2068.  A  photograph  of  a  day-old  mouse 
preserved  in  lo  per  cent  formalin.  The  abnormal  eye 
is  clearly  visible.  It  is  a  scabbed  lesion  of  the  type 
shown  in  Mouse  8597  (Fig.  13)  except  for  the  fact 
that  the  iris  pigment  and  the  lens  do  not  show. 

Fig.  2.  Normal  mouse  showing  the  raised  skin  covering 
the  eyeball  with  no  sign  of  any  external  lesion. 

Fig.  3.  No.  2071.  Clearly  abnormal  eye  much  like 
.Mouse  9585  (Fig.  13).  The  lens  appears  as  the  light 
body  surrounded  by  scabbed  area  and  the  iris  pig- 
ment. The  lesion  covers  the  entire  eyeball. 

Fig.  4.  Mouse  8621.  Fig.  5.  Mou,se  2053.  Typical  pale 
fetuses  of  the  same  type  as  9147  (Fig.  15).  Note 
that  in  these  cases,  as  in  that,  the  entire  cranial  area, 
probably  hydrocephalic  in  nature,  has  been  removed 
by  the  mother  mouse.  The  eyes  are  clearly  dried  and 
abnormal. 

Fig.  6.  Mouse  8670.  A  peculiar  type  in  which  the  eye 
lesion  is  clear  and  in  which  the  lace  is  twisted  and 
deformed,  giving  what  may  be  called  a  "bull-dog" 
appearance.  Several  such  mice  have  been  recorded. 

In  such  mice  the  teeth  are  not  normally 
situated,  being  irregular  in  direction  of 
growth  as  well  as  position. 

Bagg,  who  has  made  a  particular  study 
of  the  structure  of  the  brain  ol  the  abnor- 
mal-cycd  mice,  has  in  press  a  paper  dealing 


Fig.  7.  6591.  Normal-eyed  albino.  Note  that  the  skin 
over  the  eyeball  is  unbroken  and  smooth.  There  is  no 
pigmentation  visible.  The  ej-e  is  regular  in  sh.ape  and 
of  normal  size.  4 

Fig.  8.  8550.  Normal-eyed  brown.  Note  that  the 
appearance  is  very  similar  to  6591  (Fig.  7)  but 
that  the  ring  of  iris  pigment  is  slightly  visible  under 
the  unbroken  skin  which  covers  the  whole  eyeball. 

Fig.  9.  9490.  Shows  a  very  slight  degree  of  abnormalitj-. 
For  the  most  part,  the  skin  over  the  eyeball  remains 
unbroken  as  in  the  foregoing  examples.  Just  superior 
to  the  upper  part  of  the  eyeball  there  is  a  small 
lesion,  dried  and  scabbed  over  with  a  crusted  exu- 
date, probably  of  non-inflammatory  origin.  Note 
the  peculiar  shortened  forcface  which  this  animal 
possesses.  There  is  much  variation  in  the  length  and 
type  of  foreface.  The  animal  in  question  deviates 
much  more  from  the  normal  type  in  this  regard 
than  in  the  eye  lesion  itself. 

Fig.  10.  6589.  A  more  clearly  advanced  case  of  a  type 
of  abnormality  similar  to  9490  (Fig.  9).  Here  the 
lesion  is  larger.  The  eye  is  more  generally  allectcd. 
It  has  become  shrivelled  and  dried.  In  the  center 
of  the  scabbed  area  is  a  crystalline  structure,  opaque 
and  almost  spherical.  This  is  undoubtedly  the  lens, 
which,  because  of  its  durable  nature,  has  not  been 
modihed  fundamentally  during  the  disarrangement 
of  the  rest  of  the  eye. 

Fig.  II.  7528.  An  abnormality  of  larger  area,  but  less 
fundamental  nature,  than  CH89  (Fig.  10).  Here 
there  is  a  large,  irregular  scabbed  area,  in  which  is 
situated  the  lens.  Such  an  eye,  as  is  the  case  with  all 
these  abnormals,  is  undoubtedly  non-functional. 

Fig.  12.  9585.  An  example  of  a  much  more  extensive 
development  of  the  abnormality.  The  whole  eye  is 
dried  and  laid  bare  by  a  lesion  which  removes  the 
skin  over  the  whole  eyball.  The  iris  pigment  seems 
dried  and  condensed,  giving  a  more  concentrated 
appearance.  The  lens  is  present  as  in  the  other  cases, 
lying  on  the  surface,  although  somewhat  imbedded 
in  the  dried,  scabbed  area  surrounding  it. 
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with  tiiis  matter.  It  is,  howexer,  of  interest 
to  note,  in  passing,  that  in  abnormal-eyed 
mice,  degeneration  has  occurred  in  one  or 
both  of  the  optic  nerves,  and  that  other 
structural  changes  and  abnormalities  of  a 
fundamental  nature  take  place. 

In  the  eye  itself  there  are  many  degrees 
or  grades  of  abnormality.  An  effort  has 
been  made  to  bring  out  in  the  figures  some 
of  the  common  types.  In  almost  all  abnor- 
mal-eyed young  there  is  at  birth  a  clear 
lesion  in  the  region  of  the  eye.  These  lesions 
vary  in  depth  and  extent.  Rarely,  instead 
of  an  actual  external  lesion,  the  eye  pre- 
sents a  sunken  and  shrunken  appearance. 
The  eye  is  greatly  reduced  in  size  in  such 
animals.  As  an  animal  of  this  type  grows 
older  the  sunken  eye  either  fails  to  increase 
in  size  or  degenerates  still  further,  produc- 
ing a  depression  and,  of  course,  complete 
blindness  of  the  eye  in  question. 

In  eyes  showing  a  lesion,  degeneration 
of  the  eye  elements  themselves  has  pro- 
ceeded to  different  degrees.  Thus,  in  some 
cases,  the  eye  is  almost  normal,  with  the 
exception  that  the  lens  is  clouded  or 
entirely  opaque  and  there  may  be  slight 
reduction  in  size  of  the  eye  as  a  whole. 
The  eyes  of  some  of  the  mice  of  this  type 
present  a  marked  degree  of  similarity  to 
certain  of  the  eyes  obtained  bv  Bagg  after 
in-utero  treatment  of  rats  with  radium. 

Many  other  types  are  to  be  found. 
One  with  a  minute  scabbed  lesion  just 
above  the  eye  is  shown  in  Figure  3.  More 
extensive  lesions  are  shown  in  Figures  4, 
5,   6,   7  and  8  in   Figures    10,    12  and   15. 

In  each  of  these  cases  a  brief  description 
of  the  conditions  found  has  been  placed 
in   the  explanatory   notes   to   the  figures. 

Normal  Overlaps.  At  birth  the  young 
obtained  from  abnormal  X  abnormal  mat- 
ings  may  have  the  following  eye  condi- 
tions, in  so  far  as  superficial  external 
appearance  is  concerned: 

1.  Both  eyes  clearly  abnormal. 

2.  Both  eyes  slightly  abnormal. 

3.  One  eye  clearly,  one  eye  sHghtly 
abnormal. 

4.  One  eye  clearly  abnormal,  one  eye 
normal. 

5.  One  eye  slightly  abnormal,  one  eye 
normal. 

6.  Both  eyes  normal. 


When  one  eye  only  is  abnormal  it  may 
be  either  right  or  left,  with  apparent 
equal  frequency.  The  whole  situation, 
therefore,  suggests  that  two  variables  are 
involved:  i.  The  degree  to  which  any 
eye  is  abnormal.  This  runs  through  a 
graded  series  from  a  condition  in  which 
there  is  a  clear  lesion  with  the  entire  eye 
dried  and  reduced,  to  a  condition  where  no 
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Fig.  13.  8597.  An  interesting  modification  of  tlie 
abnormality.  Tlie  scabbed  area  is  large  and  irregular 
and  the  lens  small  and' out  of  normal  position,  being 
at  the  lower  margin  of  the  lesion.  The  iris  pig- 
ment seems  to  be  in  the  form  of  a  clump  of  a  sym- 
metrical outline  at  the  posterior  margin  of  the 
lesion.  Such  a  type  as  this  shows  a  marked  disar- 
rangement of  the  eye. 

Fig.  14.  8464.  One  of  the  more  extreme  manifestations 
of  the  abnormality.  The  lesion  is  deep,  and,  with  the 
exception  of  a  small  lens  near  the  center  of  the 
lower  border,  filled  with  a  pigmented  scab,  probably 
representing  a  combination  of  the  iris  pigment  and 
exudate. 

Fig.  15.  9147.  A  very  typical  expression  of  the  abnor- 
mality. This  has  been  described  as  "acraniate- 
pale  fetus."  The  whole  animal  is  abnormally  white 
and  bloodless.  The  eyes  arc  grossly  abnormal,  with 
a  deep  lesion  and  with  the  lens  and  ring  of  iris  pig- 
ment exposed.  When  found,  such  embryos  are  almost 
universally  without  a  top  to  the  skull.  This  defect 
is  undoubtedly  primarily  due  to  a  lesion  located 
there,  although,  except  in  rare  cases,  removal  of 
tissue  in  this  part  by  the  parent  renders  exact 
description  of  the  lesion  in  its  original  form  impos- 
sible. These  pale  fetuses  are  always  born  dead. 

external  lesion  or  reduction  is  observable, 
the  eye  apparently  being  normal.  2.  The 
distribution  of  the  abnormality  to  both, 
or  to  one,  or  to  neither  eye,-  in  so  far  as 
external  appearances  are  concerned. 
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Variation  in  inheritable  characters  is, 
of  course,  general.  It  is  quite  common 
to  find  that  in  the  case  of  morphological 
characters  this  variation  leads  in  the 
direction  of  the  normal  type  to  a  point 
where  it  is  by  gross  examination  indis- 
tinguishable from  the  normal  itself.  Exam- 
ples of  this  type  of  character  have  been 
recorded  by  Castle  (1906)  in  the  case  of 
polydactylism  in  guinea-pigs;  by  Wright 
(19 16)  in  the  rough  coated  character  of 
guinea-pigs,  and  in  several  characters 
in  birds,  notably  feathered  legs  in  pigeons; 
by  Doncaster  (19 12)  in  web  feet  in 
pigeons;  by  Staples  Brown  (1908)  in 
syndactylism  and  polydactylism;  and  by 
Davenport  (1906J  in  rumplessness  in  fowls. 

No  extensive  attempt  has  yet  been  made 
to  determine  what  role  modifying  genetic 
factors  are  playing  in  the  variations  of  the 
abnormal  eye  character  in  the  material 
under  observation.  It  is  quite  possible 
that  one  or  more  such  modifying  factors 
may  be  involved,  and  although  their 
isolation  and  identification  would  be  difii- 
cult,  it  should,  and  when  opportunity 
affords,  will  be,  attempted.  A  certain 
amount  of  the  variation  will,  however,  in 
all  probability,  be  due  to  internal  enxiron- 
mental  influences — the  shifting  balance 
between  organs,  tissues  and  cells  during 
ontogeny.  This  must  remain  as  a  source  of 
uncertainty  until  our  knowledge  has  ad- 
vanced to  a  point  sufficient  to  enable  us  to 
analyze  and  measure  processes  of  this  sort. 

At  present  it  will  suffice  merely  to  state 
that  the  fact  that  normal  overlaps  occur 
is  not  surprising,  and  that  no  new  principle 
in  this  regard  is  in\ol\ed  in  the  case  under 
consideration. 

The  eye  abnormality  first  appeared 
in  a  brown  male  mouse.  No.  1369.  This 
animal  was  a  grandson  of  two  animals  that 
had  been  exposed  to  .\-rays.  His  parents 
had  not  been  treated.  One  of  his  eyes  was 
distinctly  abnormal  and  degenerate  to  a 
point  of  failing  to  function. 

In  a  subsecpicnt  litter  from  the  same 
parents  a  brown  female,  No.  I3~3,  also 
abnormal  in  one  eye,  was  obtained.  W  hen 
these  two  animals  were  bred  together 
e\idence  at  once  began  to  accumulate  to 
indicate  that  the  eye  abnormality  was  a 
recessi\e    character.     From    results    later 


procured  it  became  apparent  that  Male 
1369  also  carried  the  potentiality  of  giving 
progeny  with  abnormal  feet.  A  more 
detailed  treatment  of  the  inheritance  of 
these  abnormalities  will  be  found  in  a 
later  section. 

Although  breeding  experiments  within 
the  family  in  which  the  eye  abnormality 
appeared  were  continued,  they  cannot 
afford  as  good  evidence  of  the  type  of 
inheritance  in\ol\cd  as  can  an  outcross 
with  a  known  but  unrelated  stock. 

TEST    OF    INHERITANCE 

There  is  a  simple  and  effective  test  of 
inheritance  which  is  made  by  crossing  an 
abnormal-eyed  (hh)  male  with  an  unrelated, 
normal-eyed  female  (HH),  and  then,  by 
inbreeding  their  normal  (Hh)  Fi  genera- 
tion descendants,  produce  F-i  and  F3 
generation  hybrids.  Abnormal-eyed  ani- 
mals of  these  and  subsequent  generations 
should  then  be  bred  inter  se  and  should 
breed  like  the  original  abnormals. 

A  test  of  this  type  was  made  by  crossing 
abnormal-eyed  Male  1369  with  females  of 
unrelated  (Bagg's  albino)  race.  The  first 
hybrid  generation  (Fj)  was  normal-eyed. 
Fo  produced  by  crossing  Fi  inter  se,  and 
further  similar  crosses  gave  a  total  of  113 
normals  and  29  abnormals.  These  abnor- 
mals and  those  of  later  hybrid  generations 
bred  together  gave  16  abnormal  in  both 
eyes,  116  abnormal  in  one  eye,  and  36 
normal  (overlaps).  Those  of  the  36  normal 
overlaps  that  were  tested  by  breeding  gave 
a  result  similar  to  those  which  were  ob- 
tained in  the  x-ray  lines  85  and  86  before 
any  outcross  was  made. 

The  test  of  inheritance  given  above 
insures  transmission  of  the  character  in 
question  through  the  sperm.  The  possi- 
bility of  the  egg  cytoplasm  as  a  carrier  is 
eliminated  by  using  normal-eyed  females 
of  an  unrelated  race  as  the  female  parents 
of  the  hybrids  from  which  the  eye  abnor- 
mality was  later  recovered. 

It  is  only  by  some  such  test  as  the  above 
that  we  can  surel\'  eliminate  the  possibility 
that  direct  transmission  rather  than  true 
inheritance  is  involved. 

The  figures  gi\en  abo\e  show  clearl\ 
three  main  facts: 

I.  The  eve  abnornialitx  is  inherited. 
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2.  Its  inheritance  is  essentially  men- 
delian  in  beha\ior. 

3.  A  certain  number  of  animals  geneti- 
cally abnormal-eyed  are  somatically  normal- 
eyed,  so  far  as  gross  anatomy  is  concerned. 
The  percentage  of  these  in  this  particu- 
lar cross  is  shown  in  the  progeny  of  abnor- 
mal-eyed indi\iduals  crossed  inter  se. 
Here  out  of  a  total  of  168  young,  36,  or 
21.4  per  cent,  were  normal-eyed.  It  will  be 
recalled  that  when  animals  carrying  the 
abnormal  eye  as  a  recessive  were  crossed 
together,  1 1 3  normal  and  29  abnormal  were 
obtained.  The  expectation  on  a  mendelian 
basis  is  106.5  normal  to  35.5  abnormal. 
There  is  obser^•ed  a  slight  excess  of  normals 
and  deficiency  of  abnormals.  If,  however, 
among  the  somatically  normal,  a  certain 
number  are  genetically  abnormal,  we  may 
make  a  correction,  purely  for  the  basis  of 
comparison.^  When  this  is  done,  the 
numbers  are  107.5  i  normal,  and  34.5  ± 
abnormal — very  close  to  the  106.5  to  35.5 
ratio  expected. 

When  the  results  obtained  in  the  inbred 
family  in  which  the  eye  abnormality 
appeared  are  considered,  a  situation  closely 
resembling  the  foregoing  is  observed. 

In  this  family,  almost  all  the  matings 
have  been  of  abnormal-eyed  mice  inter  se. 
From  such  crosses,  a  total  of  447  young  has 
been  obtained.  Of  these,  374  are  clearly 
abnormal  in  one  or  both  eyes,  and  73,  or 
16.3  per  cent  are  normal  in  appearance. 
iMany  of  the  latter  have  been  tested  by 
breeding,  and  in  each  case  in  which  such  a 
test  has  been  made,  have  been  found  to 
behave  genetically  as  abnormal.  The  per- 
centage of  these  genetically  abnormal  mice 
that  are  somatically  normal  is  then  about 
1 5. 1.  Crosses  of  normals  carrying  "abnor- 
mal," inter  se  have  given  75  normal  and  15 
abnormal  young.  On  a  mendelian  basis  67.5 
normal  and  22.5  abnormal  are  expected. 
If  a  correction  to  account  for  the  difference 
between  genetic  and  somatic  "normals" 
is^made,^the^numbers_become  72.8 : 1 7.2. 

'  The  correction  can  be  made  as  follows.  If  among  the  progeny 
of  abnormal-eyed  mice  crossed  inter  se,  16.3  per  cent  are  normal 
in  appearance,  then  for  the  29  abnormal  young  observed  there 
must  have  been  formed  a  certain  number  of  somatically  normal, 
but  genetically  abnormal  animals.  The  number  of  these  cannot  be 
exactly  told.  It  can.  however,  be  estimated  by  considering  the 
29  abnormal  young  observed  as  representing  83.7  per  cent  of  the 
total  abnormals  formed.  When  this  is  done,  the  number  left  to  be 
estimated  as  somatically  normal  and  genetically  abnormal  is 
S-S.  These  should,  in  our  calculation,  be  subtracted  from  the 
observed  normals  and  added  to  the  observed  abnormals. 


In  the  cross  of  abnormal-eyed  with 
normals  carrying  abnormal,  where  a  i:i 
ratio  of  the  two  types  (normal  and  abnor- 
mal) is  expected,  the  observed  numbers  are 
52  normal  and  40  abnormal.  The  expecta- 
tion is  46:46.  When  a  correction  is  made, 
the  numbers  come  out  exactly  46+146  +  . 

In  general  then,  we  may  conclude  that 
the  genetic  beha\ior  of  this  character  is 
mendelian,  and  sufficiently  regular  to 
enable  us  to  have  a  fair  degree  of  definite- 
ness  in  predicting  its  place  and  rate  of 
occurrence. 

THE   INHERITANCE  OF  ABNOR^tAL   LEGS  AND 
FEET 

In  showing  the  nature  and  types  of  this 
abnormality,  we  are  handicapped  by  the 
fact  that  photographic  representations  are 
not  particularly  satisfactory  because  of 
the  minute  size  of  the  parts  imolved.  The 
drawings  are  therefore  submitted  in  the 
hope  that  at  least  a  general  impression  may 
be  obtained  of  the  more  common  types  of 
the  abnormalities. 

Figure  16  shows  a  foot  of  Mouse  6107 
in  which  there  is  a  discolored  hemorrhagic 
lesion  and  a  slight  shortening  of  the  digits. 
In  all  other  respects  the  foot  appears  to  be 
normal.  It  may  therefore  be  taken  as 
approximating  the  normal  type  and  as 
representing  a  very  slight  degree  of  abnor- 
mality. The  three  other  legs  and  feet  of 
Mouse  6107  were  normal. 

Figure  17  goes  ahnost  to  the  opposite 
extreme  and  shows  the  three  abnormal  legs 
of  mouse  604".  In  these  the  abnormality  is 
marked.  In  the  left  hind  foot  the  digits  are 
absent  as  separate  units,  the  only  possible 
indication  or  trace  of  them  being  slight 
crenulations  in  the  edge  of  the  stumpy 
shapeless  leg. 

On  the  right  hind  foot  are  three  much 
reduced  and  poorlj"  differentiated  digits. 
There  is  also  an  irregular  scabbed  lesion. 
The  digits  are  bent  so  as  to  be  pointed 
in  the  direction  of  the  body,  the  direct 
opposite  of  their  normal  position.  On  the 
left  front  foot  there  is  a  large  discolored  and 
hemorrhagic  lesion  and  two  small  papilla- 
like nodules  in  place  of  digits.  It  is  not 
clear  whether  they  represent  structures 
that  would  have  developed  into  claws  on 
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normal    digits,    or^whether   they    are   the  some    actual    deformation    of    the    bones 

digits  themselves.  themseKes. 

Mouse  8869  is  shown  in   Figure   18.   In  Figure  20  shows  a  left  lateral  view  of  the 

this    case    three    digits     are    moderately  posterior   end   of  Mouse   8235.    Here,    al- 

well   formed    but  \are  oriented^  peculiarly,  though  the  digits  are  more  or  less  clearly 
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Fig.  16.  Fig.  17. 

Fig.  16.  Mouse  6107.  A  foot  is  shown  with  a  slight  abnormality  associated  with  a  hemorrhagic  lesion. 
Fig.  17.  Mouse  6047.  Three  legs  are  here  represented  with  markedly  deformed  digits.  The  abnormalities  are 
associated  with  hemorrhagic  lesions. 


being  twisted  somewhat  in  the  manner  of 
those  shown  in  Figure  17. 

Figure  19  shows  a  ventral  view  of  the 
posterior  end  of  Mouse  7412.  The  right 
nind  foot  is  shown  from  the  central  side 


defined,  the  whole  leg  is  badly  distorted 
and  twisted  into  the  extraordinary  position 
in  which  it  is  shown.  Of  course  it  is  impos- 
sible to  estimate  on  the  basis  of  superficial 
appearance  what  the  bone  and  joint  con- 


Fi<  .    18.  Fk;.    II).  Fig.  20. 

Fig.   18.  Mouse  8869.  'I'lic  abnormality  in  this  Jimb  is  mainly  a  faulty  position  of  tlic  digits. 
Fig.   19.  Mouse  7412.  A  ventral  view  of  the  posterior  portion  of  the  body  showing  an  abnormally  retracted  and 

deformed  left  limb. 
Fig.  20.  Mouse  8235.  Posterior  portion  of  body  showing  a  marked  twisting  and  deformity  of  a  hind  limb. 


and  is  normal.  The  left  hind  foot,  howcxcr, 
is  curled  o\er  toward  the  body  and  has  no 
visible  trace  of  digits.  It  is  also  almost 
certain  that  there  is  ankylosis,  and  possibly 


ditions  actually  are  in  this  case,  but  it  seems 
certain  that  they  are  markedly  abnormal. 

The  above  descriptions,  although  imper- 
fcit,  will  ser\o  to  show  that  tiie  abnormal 
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leg  condition  is  subject  to  wide  variation. 
The  breeding  records  shown  in  the  various 
pedigrees  mentioned  later  will  further  show 
that  there  are  undoubtedly  animals  which 
are  genetically  abnormal-footed,  but  which 
somatically  appear  normal  under  a  gross 
examination.  \\e  may  now  brieflv  consider 


uals.  The  second  line  of  the  same  chart 
shows  the  progeny  obtained  from  crossing 
Female  136"  with  her  brother,  Male 
1369,  and  demonstrates  clearly  that  he 
carried  the  tendency  to  produce  abnormal- 
footed  individuals.  Since  foot  abnormalities 
have  ne\er  appeared  in  the  Bagg  albino 
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these   pedigrees,    which    \\ili   be   found    in 
charts  I  to  XI  inclusi\e. 

Chart  I  refers  in  four  places  to  Mouse 
1369.  This  mouse  has  been  considered 
several  times  in  the  section  on  abnormal 
eyes.  He  was  the  male  individual  out- 
crossed  with  unrelated  females  to  pro^•ide, 
for  that  character,  the  test  of  true  inheri- 
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stock  which  was  the  parent  stock  for  the 
outcross,  it  seems  clear  that  Male  1369 
introduced  the  abnormality  in  the  outcross. 
Chart  II  contains  only  animals  that  are 
descended  from  the  outcross  referred  to. 
It  will  be  seen  that  there  are  several  abnor- 
mal-footed mice  (15,  to  be  exact)  among 
them.    Male    3492    is    of  interest,    for   by 
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tance.  The  same  crosses  w hich  were  made 
in  that  case  serve  as  well  to  provide  the 
test  of  true  inheritance  for  abnormal  feet. 
Those  in  Chart  I  are  the  progeny  of 
Female  26-2  and  Male  1739,  and  have 
among  them  i  abnormal-footed  animal. 
The  further  generations  from  that  cross 
have  actuallv  ~  abnormal-footed  indi\"id- 


Females  5~62  and  ^"63  he  ga\'e  a  total 
of  II  normal  and  9  abnormal  young. 
Both  these  females  and  Male  3492  himself 
were  normal  in  appearance.  The  pro- 
portion of  abnormal-footed  young  suggests 
however,  that  either  he  was  genetically 
abnormal  while  the  females  were  normals 
carr\ing  abnormal  foot  as  a  recessive,  or 
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that  both  of  the  females  were  geneticallj^ 
abnormal  although  somatically  normal  and 
that  he  was  a  normal,  carrying  recessi\e 
abnormal  foot.  Of  the  two  possibilities 
the  former  seems  the  more  hkely,  for  it 
requires  that  in  one  individual  only, 
instead  of  two,  would  have  to  be  present 
the  usual  condition  of  a  "normal  o\erlap." 
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These  "overlaps"  do  not  appear  to  be  as 
frequent  in  the  abnormal  foot  series  as  they 
are  in  the  abnormal  eye  series. 

Chart  III  shows  extensively  family 
descendants  that  are  also  from  the  original 
outcross.  Although  the  numbers  obtained 
from  the  cross  of  Female  75 11   by  Male 
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36.  The  first  abnormal-footed  animals 
to  appear  were  in  the  fourth  generation. 
One  of  them.  Female  3229,  may  possibly 
ha\'e  been  genetically  abnormal  although 
somatically  normal,  as  her  progeny  consists 
of  3  normal  and  4  abnormal  young  indi- 
viduals, a  close  approximation  to  a  i:i 
ratio. 

Charts  V  and  VI  show  two  lines  of 
matings  giving  abnormals,  but  confined 
to  the  original  family  in  which  No.  1369 
himself  appeared. 

Female  1367  in  Chart  V  was  his  sister 
and  Female  1373  was  his  half-sister. 
Taken  alone  these  two  charts  could  not  be 
used  as  proving  inheritance,  but  in  con- 
junction with  the  charts  showing  the 
outcross  they  indicate  clearly  that  the 
abnormal-foot  character  was  being  inherited 
in  this  inbred  stock  and  that  Female  1367 
carried  the  foot  abnormality,  while  Female 
I3~3  did  not. 

Chart  VII  shows  what  in  some  ways  is  a 
complicated  line  of  descent  from  the  out- 
cross  series:  Female  6269  is  one  of  the  most 
likely  cases  on  record  of  an  animal  somat- 
ically normal  but  genetically  an  abnormal. 
By  two  males,  No.  6136  and  No.  6237, 
she  has  given  approximately  equal  num- 
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7509  are  small,  they  suggest  the  possibility 
that  one  of  these  animals  may  have  been  a 
normal  overlap  and  therefore  genetically 
an  abnormal. 

On  Chart  IV  is  shown  another  entirely 
distinct  family  descended  from  a  second 
pair  of  A-rayed  mice.  Female  86  and  Male 


bers  of  normal  and  abnormal  young. 
Although  the  numbers  are  small,  the  case 
seems  to  be  fairly  clear. 

Chart  VIII  brings  us  again  to  a  series  of 
matings  all  within  the  inbred  line  in  which 
Nos.  1367,  1369  and  1373  originated.  As 
proofs    of  the    fact    of  inheritance,    these 
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pedigrees  are  inadequate  and  must  be  The  reappearance  in  Chart  IX  of 
supplemented  by  as  careful  and  extensive  abnormals  among  the  inbred  descendants 
experimental   worl;   along  the   line   of  an     of  Female  1278  and  Male  I4~8  is  an  excel- 
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outcross  as  it  is  possible  to  carry  out  with  lent  supporting  test  of  inheritance  of  the 

the  material  available.  abnormal-foot  condition. 

In  one  way,  Chart  IX  presents  evidence  Chart  X  is  a  small  supplementary  chart 

along  the   line   of  an   outcross.    The   line  which  might  have  been  added  to  Chart  II, 
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used  was  one  in  which  the  ancestors 
had  been  .v-rayed.  The  fact,  however, 
that  no  young  with  abnormal  feet  have 
been  born  among  the  inbred  descendants 
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of  Female  84  and  Male  36  serves  as  evidence 
that  the  foot  abnormalities  have  again 
been  introduced  by  Male  1369,  although  it 
is  not  certain  from  which  of  his  parents  he 
•  nul  his  sister   Female    136""  derived  them. 
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but  for  the  resulting  confusion  due  to  too 
many  lines  of  descent.  It  presents  no  new- 
features,  being  merely  an  excellent  example 
of  the  action  of  the  abnormality,  which, 
after  remaining  unexpressed  for  four  gen- 
erations, suddenly  appeared  in  the  progeny 
of  Female  4 181  X  Male  3-07  in  7  animals. 
Chart  XI  is  another  side  line  of  the  same 
general  family.  The  pedigree  in  this  case 
has  been  abbreviated  and  made  diagram- 
matic in  order  to  bring  out  the  main 
point,  namely,  the  appearance  of  the 
abnormality  in  the  fifth  generation,  shown 
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in   the  seventh   after  the  .v-ray   treatment 
was  actually  gi\en. 

To  sum  up  these  charts,  we  may  say  that 
there  are  four  main  points  brought  out  by 
them: 

1.  A  true  test  of  inheritance  of  the  foot 
abnormality  is  repeatedly  shown  by  the 
outcrosses  between  females  of  the  Bagg 
albino  race  with  Male  1369. 

2.  A  secondary  test  of  inheritance  is 
shown  in  Chart  IX  where  an  outcross  with 
animals  of  .v-ray  (line  84)  is  shown. 

3.  The  occurrence  of  the  potentiality  for 
gi^•ing  abnormal  feet  is  shown  by  Chart  V 
to  be  present  as  far  back  as  the  Fi  (first) 
generation  after  the  .v-ray  treatment  was 
given. 

4.  Certain  animals  by  their  breeding 
behavior  (Male  3492,  Chart  II,  Female 
3229,  Chart  IV,  Female  6269,  Chart  \TI) 
indicate  the  fact  that  they  are  somatically 
normal  but  genetically  similar  to  a  mouse 
with  abnormal  feet.  This  occurrence  of 
"normal  o%"er-Iaps"  is  the  common  experi- 
ence of  those  who  investigate  the  inheri- 
tance of  structural  characters  in  birds 
and  mammals. 

DISCUSSION 

There  are  certain  aspects  of  the  experi- 
ment herein  described  which  are  worthy  of 
careful  consideration  from  a  general  medi- 
cal and  therapeutic  \iewpoint.  Thus,  if 
we  are  right  in  assuming  that  the  eye 
abnormalities  which  we  ha\e  been  consid- 
ering are  the  result  of  a  change  in  the 
germ  plasm  induced  by  treatment  of  adult 
mice  with  .v-rays,  se\"eral  conclusions 
follow. 

The  first  of  these  is  that  although  the 
somatic  tissues  of  the  treated  mice  them- 
seKes  show  no  gross  histological  changes, 
there  has  been  an  effect  on  the  germ  plasm. 
This  effect  has  resulted  in  a  genetic  change 
which  is  inherited.  Its  inheritance  is 
orderly  and  mendelian.  Its  somatic  mani- 
festation is  an  abnormality  of  the  optic 
nerves  and  eyes.  This  all  suggests,  of 
course,  the  need  of  extreme  caution  in  the 
use  of  .v-rays  for  medical  purposes  when 
the  individual  treated  is  of  reproductive 
age  or  younger. 

In    the   case    of   neoplasms,    where    the 


situation  is  serious,  there  seems  naturally 
little  reason  why  .v-ray  treatment  should 
be  curtailed.  For  purposes  of  temporary 
sterilization,  the  use  of  the  .v-ray  appears 
to  the  writers  to  be  a  tremendous  risk. 
While  the  treatment  of  the  individual  case 
might  result  most  satisfactorily,  the  desired 
results  being  promptly  and  successfully 
obtained,  the  possibility  of  influencing 
the  progeny  by  producing  hereditary 
changes  in  the  germ  plasm  cannot  be 
Ignored.  Because  of  the  long  time  interval 
between  human  generations,  the  immedi- 
ate result,  rather  than  the  influencing  of 
the  germ  plasm,  has  come  to  be  our 
natural  \iewpoint.  This  \iewpoint  will, 
either  directly  or  indirectly,  be  the  worst 
enemy  of  an  experimental  test  like  the  one 
here  described.  For  this  reason,  if  for  no 
other,  it  is  unfortunate  that  the  medical 
men  interested  in  the  application  of  .v-ray 
treatment  to  other  than  cancer  cases, 
cannot  see  the  experimental  results  them- 
selves. The  clear  and  striking  abnormality 
must  lose  force  in  description. 

It  should  be  noted  in  passing  that  none 
of  the  work  here  reported  indicates  that 
.v-ray  photography  as  at  present  practiced 
in  the  medical  and  dental  professions  is 
harmful.  Of  course,  the  region  photo- 
graphed and  the  intensity  and  duration  of 
the  exposure  will  determine  this  factor  to 
a  large  degree. 

It  would  be  highly  desirable  to  conduct  a 
series  of  experiments  on  the  radiation  of 
^"arious  portions  of  the  body,  and  to  study 
what  genetic  effects,  if  any,  are  produced. 
Since  in  our  work  the  exposure  was  overthe 
whole  dorsal  surface,  there  are  no  data  that 
bear  on  this  matter  of  localization.  Fraen- 
kel  describes  the  treatment  of  the  heads  of 
guinea-pigs  with  .v-rays,  and  the  subse- 
cjuent  appearance  of  hairless  areas  on  the 
head,  not  only  in  the  treated  animals,  but 
in  their  progeny. 

If  confirmed  with  larger  numbers  and 
carefully  controlled  genetic  stock,  this 
finding  is  of  prime  importance,  for  here  the 
etTect  on  the  germ  plasm  would  necessarily 
have  been  secondary  to  the  direct  effect 
on  the  soma  (head).  This  looks  far  more 
like  inheritance  of  an  acquired  character, 
while  our  results  appear  to  be  in  the  nature 
of  a  direct  eflect. 
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The  work  of  Mavor  on  Drosophila  has 
also  shown  that  the  distribution  of  the 
chromosomes  at  maturation  may  be  influ- 
enced bj'  x-rays.  The  result  of  this  is  the 
production  of  non-disjunction  of  the  sex 
chromosome.  This  condition  appears  to  be 
inherited.  The  effect,  however,  may  be 
primarily  on  the  cytoplasm,  and  the  result 
of  a  change  occurring  there  may  well  be 
imagined  to  show  itself  in  the  distribution 
of  whole  chromosomes  or  other  abnormali- 
ties of  the  mitotic  process. 

As  before  mentioned,  the  experiments  of 
Blakeslee  and  Gager  are  also  probably 
explicable  along  this  same  general  line 
of  reasoning. 

The  orderly  behavior  of  the  eye  abnor- 
mality here  recorded  suggests,  however, 
that  in  this  case  a  single  gene,  or  a  small 
area  of  the  chromosome,  has  been  affected. 
There  is,  as  we  have  stated,  no  evidence  of 
the  inheritance  of  an  "acquired"  character 
to  be  derived  from  this  experiment  with 
mice.  It  appears  to  be  a  direct  effect  on 
the  germ  plasm  itself. 

It  is  interesting  to  note  in  passing  that 
Gujer  and  Smith,  in  their  experiments  on 
the  production  of  lens  antibodies  in  rabbits, 
are  inclined  at  least  to  consider  that  the 
inheritance  of  an  acquired  character  is 
invoked.  Without  wishing  to  detract  from 
the  great  merit  of  their  work,  it  should,  it 
seems,  be  pointed  out  that  the  pedigrees 
which  they  have  published  in  their  papers 
in  the  Journal  of  Experimental  Zoology 
show  undoubted  transmission  of  some  sort 
of  tendency  to  defect,  but  so  far  as  we  can 
see,  they  contain  no  actual  test  of  true 
inheritance  of  the  type  referred  to  above 
under  the  headings  of  both  eye  and  foot 
abnormalities.  In  e\ery  case  that  we  have 
noticed,  Guyer's  pedigrees  show  either  a 
chance  for  transmission  by  the  female,  or 
else  a  cross  with  an  actually  abnormal  male 
individual.  Here,  of  course,  a  great  amount 
of  actual  material  besides  the  sperm  itself 
is  introduced  from  the  abnormal  male  into 
the  body  of  the  female  and  affords  at 
least  a  possibility  of  direct  transmission  of 
some  agent  causing  the  abnormality. 

In  closing,  therefore,  we  should  like  to 
review  briefly  what  we  belie^  e  to  be  the 
important  points  in  the  results  here 
reported : 


1.  Abnormalities  of  the  eyes  and  feet 
ha\e  first  appeared  among  the  second  and 
thn^d  generation  descendants  of  mice  which 
as  adults  had  been  given  one-fifth  of  a 
human  erythema!  dose  of  x-rays  on  each 
of  fne  successive  days. 

2.  The  first  young  were  obtained  from 
treated  animals  as  late  as  ten  weeks  after 
then  treatment,  thus  insuring  no  in  utero 
effects. 

3.  The  eye  abnormality  is  inherited  as  a 
mendelian  recessive  character. 

4.  The  foot  abnormality  is  also  inherit- 
ed, but  as  yet  the  exact  nature  of  its 
inheritance  has  not  been  worked  out. 

5.  The  fact  of  the  appearance  of  these 
abnormalities,  the  clear  lesions  involved  in 
their  somatic  expression,  their  absence 
from  the  control  animals,  and  the  work  of 
others  who  have  used  the  physical  agents 
lead  us  to  believe  that  the  .v-ray  treatment 
has  had  a  causative  effect  upon  their 
production. 

6.  This  effect  appears  to  be  of  the  nature 
of  a  direct  effect  on  the  germ  cells  them- 
selves, not  through  the  soma  as  an  acquired 
character. 

".  The  experiments  here  recorded  jus- 
tify, we  believe,  the  recommendation  of 
extreme  caution  in  the  use  of  radium  or 
.v-ray  therapy  on  human  indi\iduals  who 
are  likely  ever  to  serve  as  parents  after 
they  have  been  treated. 

8.  This  caution  should  be  practiced 
until  the  whole  matter  of  the  effect  of 
.v-rays  and  radium  on  the  germ  plasm  has 
been  much  further  in\estigated  than  at 
present. 
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FORCEPS  FOR  CLEANING  RADIUM  NEEDLES  AND 

TUBES 


BY    J.    S.     ULLMAN,    M.D. 

[  NATCHEZ,    MISSISSIPPI 


THIS  instrument  was  devised  as  an 
additional  means  of  protection  for 
the  therapist  and  technician.  It  has  always 
been  apparent  to  workers  with  radium  that 
a  very  appreciable  danger  hes  in  drawing 
the  container  between  the  fingers  when 
they  are  co\"ered  with  nothing  but  a  few 
layers  of  cloth. 

It  will  be  seen  that  this  apparatus  will 
add  considerably  to  the  convenience  and 
efficiency  of  the  technician,  for  to  try  to 
hold  a  needle  on  the  table  with  ordinary 
forceps  while  mopping  with  another  pair 
of  forceps  is  a  most  cumbersome  procedure 
at  best. 

It  will  be  seen  that  the  instrument  is  an 
adaptation  of  the  embroidery  hoop  and 
consists  of  a  pair  of  ordinary  anatomical 
forceps  on  the  ends  of  which  have  been 
fixed  rectangular  plates,  the  edges  of 
these  plates  being  turned  back  to  give 
rigidity.  Bands  of  very  fight  spring  metal 
are  fitted  around  the  turned-back  edges 
and  fastened  by  through  and  through  pins 
to  the  proximal  ends  of  the  plates  in  such 
fashion  that  the  pins  may  be  lifted  up 
for  the  insertion  of  gauze  or  other  cleans- 
ing fabric.  Obviously  the  bands  are  re- 
turned to  the  proper  position  along  the 
edges  of  the  plates  and  finally  hold  the 
material  to  be  used  for  wiping  or  polishing 
a  tube  or  needle. 

Ordinary  surgical  gauze  may  be  used 
for  drying  the  radium  containers.  By 
adding  oil  and  emerj-  flour  to  the  surface 
of  the  gauze,  or  by  using  some  abrasive 
cloth,  the  instrument  becomes  a  most 
efficient  means  for  polishing  the  container. 


Anyone  who  has  tried  to  clean  dental 
compound  from  containers  knows  that 
considerable  effort  Is  required  to  remove 
this  material.  A  fine  abrasive  applied  in 
this    manner,    however,    does    this    work 


better  than   anything  else   known  to  the 
writer. 

It  will  be  seen  from  the  illustration  that 
this  Instrument  Is  simple  In  Its  construc- 
tion and  use.  So  far  as  Is  known  to  the 
writer  it  is  the  only  thing  of  the  kind  to 
protect  the  therapist  and  technician. 
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Fifth  Annual  Meeting  Eastek.n  Section  American  Roentgen  Ray  Society 

CHALFONTE-HADDON    HALL,    .\TLANTIC    CITY,    N.    J.,    J.\NUARY    24-26,     I924 


THE  CHICAGO  MEETING 

Among  the  twenty-four  annual  meetnigs 
of  the  Amenean  Roentgen  Ray  Society  the 
last  meeting  at  Chicago  stands  out  as  one 
of  the  most  interesting.  This  interest  was 
developed  along  several  hues,  but  perhaps 
was  most  apparent  in  connection  with 
the  papers  pertaining  to  therapy.  This 
was  indicated  by  the  large  number  of 
guests  and  members  taking  part  in  the 
discussions.  The  address  by  Dr.  Robert 
Knox  of  London,  England,  was  one  of  the 
outstanding  features  of  the  meeting.  The 
attendance  of  both  members  and  guests 
was  the  largest  recorded  in  recent  years. 
Besides  Dr.  Knox  there  were  several  other 
foreign  guests,  among  whom  were: 

Dr.  Arthur  Burrows,  Manchester,  Eng- 
land. 

Dr.  Alfred  G.  Dominguez,  Havana, 
Cuba. 

Dr.  ,1.  Stanley  Ellis,  Shantung,  China. 

Dr.  Carlos  Johnson,  Havana,  Cuba. 

Dr.  Jose  Ochotorena,  Havana,  Cuba. 

Dr.  Filibcrto  Rivcro,  Havana,  Cuba. 

Dr.  Carlos  Heuscr,  Buenos  Aires,  S.  A. 

Dr.  Paul  Hodges,  Peking,  China. 


The  scientihc  and  commercial  exhibits 
were  large,  and  much  that  was  new  and 
interesting  was  shown. 

The  officers  elected  for  the  ensuing  year 
were : 

President-Elect:  Dr.  George  W.  Holmes, 
Boston,  Mass. 

First  Vice-President:  Dr.  Frederick  M. 
Law,  New  ^'ork,  N.  "l'. 

Second  Vice-President:  Dr.  Ernest  C 
Samuel,  New  Orleans,  La. 

Secretary:  Dr.  W.  Warner  \\  atkins. 
Phoenix,  Ariz. 

Treasurer:  Dr.  \\  illiam  A.  E\ans, 
Detroit,  Mich. 

Librarian:  H.  \\  .  Dachtler,  Toledo,  O. 

Member  of  Executive  Council:  Dr. 
Harry  M.  Imboden,  New  York,  N.  ^^ 

With  this  number  of  the  Journal  the 
present  editor  terminates  his  ollicial  rela- 
tions with  it.  While  the  various  tasks 
of  the  office  have  at  times  seemed  exceed- 
ingly diflicult,  e\"en  unsurmountable,  they 
have  not  been  without  proper  and  due 
compensation  in  the  form  of  unusually 
close  relationships  which  were  developed 
not  only  with  the  \arious  members  of  the 
Society   but    with    foreign    correspondents 
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and  other  editors.  The  emotions  which 
one  experiences  upon  such  an  occasion 
are  of  mingled  regret  and  rehef;  regret  in 
laying  down  work  which  has  become  part 
of  one's  routine,  and  in  the  severing  of 
some  of  the  choicest  relationships;  rehef 
that  the  time  which  was  devoted  to  the 
Journal  may  now  be  devoted  to  other  fields, 
and  also  in  the  thought  that  the  Society 
has  entrusted  the  future  of  the  Journal  to 
hands  which  have  been  tried  in  various 
fields  and  never  found  wanting.  It  is  to 
be  hoped  that  the  members  will  accord 
to  the  new  editor  even  a  greater  degree  of 
cooperation  and  support  than  was  given 
the  present  one.  If  this  is  done,  his  lot, 
indeed,  will  be  cast  in  pleasant  places  and 
the  future  of  the  Journal  will  be  assured. 
Gratitude  for  invaluable  assistance  is 
extended    to    the    associate    editors,    Dr. 


WilHam  Duane,  Dr.   Henry  K.   Pancoast 
and  Dr.  James  T.  Case. 


CORRESPONDENCE 

To  the  Editor: 

I  have  completed  my  work  in  connection 
with  the  raising  of  the  memorial  fund  for 
Dr.  Van  Zwaluwenburg.  The  total  sub- 
scriptions received  amount  to  $2972.50. 
The  money  was  invested  from  time  to 
time,  and  the  total  earnings  amount  to 
$153.46.  I  am  turning  over  today  to  the 
treasurer  of  the  University  of  Michigan 
for  permanent  investment  this  total, 
$3125.96. 

Very  sincerely  yours, 
Wm.  a.  Evans. 


Subscnbers  to  The  American  Journal  of  Roentgenology  visiting  Tvfew  Tor\  City,  are  in-' 
vited  to  ma\e  the  ojfice  of  The  Journal  (69  East  59th  Street,  J^ew  Tor}()  their  headquarters.  Mail, 
pac\ages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  he  made  for  those 
advising  us  in  advance;  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  J^ew  Yor\  hospitals  on  file  in  our  office  daily. 
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Principles  of  X-ray  and  Radium  Dos- 
age. By  Albert  Bachem,  Ph.D.  Cloth, 
Price,  18.  Pp.  2-4,  with  67  figures. 
Chicago:  Albert  Bachem,  1923. 

X-ray  and  radium  therapy  have  had 
careers  of  ups  and  downs  similar  in  many 
respects  to  other  therapeutic  measures, 
but  it  seems  at  the  present  time  that  they 
are  both  in  the  process  of  settling.  This  is 
due  to  the  fact  that  the  biological  factors 
of  radiation  have  been  extensively  studied 
and  are  fairly  well  known  while  the  limita- 
tions of  the  applications  of  deep  x-ray 
therapy  and  radium  may  be  considered 
as  not  yet  conclusive.  This  book,  therefore, 
comes  at  a  very  fortunate  time,  as  it 
contains  the  underlying  principles  of  radia- 
tion, discussing  such  important  problems 
as  the  determination  and  measurement  of 
quantity  by  radiation,  the  definition  and 
measurement  of  quality,  the  distribution 
of  various  kinds  of  rays  in  different  media 
and  a  very  important  chapter  on  practical 
dosage.  The  author  draws  largely  on 
literature  which  has  been  very  voluminous 
in  the  past  five  years  and  tempers  his 
conclusion  with  his  own  experiences.  This 
book  merits  the  serious  consideration  of 
all  interested  in  deep  roentgen  and  radium 
therapy. 

First  Aid  X-ray  Atlas  of  the  Arteries. 
By  H.  C.  Orrin.  Cloth,  Price,  $1.00. 
Pp.  46,  with  9  illustrations.  New  York: 
Paul  B.  Hoeber,  Inc.,  1923. 

This  small  atlas  is  intended  to  give  a 
conception  of  the  arteries  of  the  body, 
especially  in  their  relationship  to  the 
bones.  The  plates,  while  small,  are  very 
satisfactory  and  should  be  of  service  to 
first-aid  students  as  well  as  to  nurses. 

Physiotherapy  Technic.  A  Manual  of 
Applied  Physics.  Bv  C.  M.  Sampson, 
M.D.  Cloth.  Price,  $6.50.  Pp.  443.  with 
85  illustrations.  St.  Louis:  C.  V.  Mosby 
Co.,  1923. 

Of  all  opportunities  given  to  men  to 
investigate  somewhat  unknown  fields, 
those  taken  advantage  of  by  Dr.  Sampson 
have  amounted  to  such  a  volume  that  his 
observations  of  the  necessities  of  technique 


are  really  most  important.  This  book  gives 
particularly  good  descriptions  of  the  real 
technique  in  physiotherapy.  This  first 
edition,  however,  is  really  "padded"  with 
unnecessary  parts,  for  doctors  do  not  need 
to  be  told  how  to  examine  patients.  The 
many  anecdotes  and  personal  examples  in 
the  iDook  are  interesting  but  unnecessary; 
also  his  various  disagreements  with  other 
Army  doctors.  Aside  from  these  extrane- 
ous thoughts,  the  real  "meat"  of  his  book 
is  good.  This  applies  especially  to  his 
explanation  of  high-frequency  electricity 
and  the  technique  and  applications  used 
in  diathermy. 

The  chapter  on  Indirect  Diathermia  or 
the  Use  of  the  Non-vacuum  Electrode  is 
to  be  commended  because  it  omits  any 
consideration  of  the  vacuum  electrode 
now  popularized  as  the  "violet  ray." 
This  "violet  ray"  is  one  of  the  greatest 
detriments  to  electrotherapy  that  has 
ever  been  foisted  on  the  public. 

The  chapter  on  Static  Modalities  brings 
forth  many  truths  of  static  electricity 
which  have  never  been  sufficiently  em- 
phasized. 

Actinotherapy  and  phototherapy  are 
both  very  well  presented,  and  though  it  is 
evident  that  Dr.  Sampson  was  quite 
successful  in  the  treatment  of  x-ray  burns, 
he  lays  almost  too  much  stress  on  this 
work. 

The  use  of  galvanic,  faradic  and  sinu- 
soidal currents  is  well  explained  and 
brought  forth. 

Massage  and  hydrotherapy  are  given  a 
good  modern  exposition  and  the  new  form 
of  hydrotherapy,  namely  the  whirlpool 
baths,  is  explained. 

The  most  necessary  chapter  is  called 
Trouble  Shooting  and  should  certainly 
be  included  in  any  book  on  technique, 
though  Dr.  Sampson  is  the  first  to  think 
of  such  a  separate  chapter. 

On  the  whole,  this  book  is  worth  while  in 
the  strictly  scientific  and  technical  parts, 
and  it  is  a  step  in  the  right  direction  to 
show  that  scientific  application  of  physio- 
therapy is  an  aid  to  established  medical 
and  surgical  treatment  of  disease. 

N.  E.  T. 
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Conclusion  oj  Abstract  of  Proceedings  of  Meeting  held  at 
Heidelberg,  May  26-27,  ig2^. 

Doderlein  (Munich).  The  therapy  of  gyneco- 
logical cancer  with  radioactive  substances. 
Whether  the  radioactive  substances  radium  and 
mesothorium  are  in  their  effect  identical  witii 
each  other  and  with  the  roentgen  rays,  has  not 
been  definitely  established.  They  have  the 
advantage  over  roentgen  rays  of  emitting 
rays  harder  than  can  be  produced  by  any 
roentgen  apparatus  so  far  designed.  Their 
disadvantage  is  that  their  application  is  quite 
limited  locally.  On  the  other  hand,  their 
application  requires  less  of  the  operator's 
time,  and  aside  from  their  great  initial  expense, 
they  are  cheaper  to  use.  Since  the  life  of 
radium  is  reckoned  as  eighteen  hundred 
years,  while  that  of  mesothorium  is  only 
twenty  years,  it  is  not  established  that  meso- 
thorium does  not,  on  account  of  its  more 
rapid  decomposition,  have  an  effect  different 
from  that  of  radium. 

With  these  substances  there  ha\e '  been 
treated  in  the  Munich  University  Frauenklinik 
in  the  years  1912-1918,  1016  cancerous 
women.  These  cases  included  962  carcinomata 
of  the  female  genitals. 

Predominant  among  these  was  cervical 
carcinoma,  with  755  cases.  It  is  now  more  than 
five  years  since  the  treatment  of  these  patients 
was  finished,  so  that  Winter's  statistical 
requirement  has  been  satisfied.  Of  these  755 
patients,  103,  or  13.2  per  cent,  are  living  and 
apparently  cured. 

When  one  considers  that  the  results  of  the 
radical  abdominal  or  vaginal  extirpation  of  the 
carcinomatous  uterus  show,  for  all  operations, 
an  absolute  percentage  of  cures  of  20  to  25, 
one  might  estimate  the  curative  power  of 
radiation  treatment  as  only  about  half  that 
of  surgical.  This,  however,  would  be  a  fallacy, 
and  would  hinder  scientific  progress;  for  it  is 
to  be  considered  that  radiation  treatment  is 
used  upon  much  more  unfavorable  material 
than  is  surgical,  which  naturally  holds  down 
the  percentage  of  cures.  This  is  confirmed  by 
a  comparison  of  the  percentage  of  operability 
in  the  material  in  question  with  that  previously 
seen.  While  the  author  used  to  operate  on 
from  60  to  70  per  cent  of  the  carcinomata  of 
the  uterus  which  came  to  him,  this  material, 
755  patients,  included  only  iio  operable 
cases,  at  operability  percentage  of  14.58. 

Of  these  no  cases,  designated  as  Group  I, 
48  have  been  cured  by  treatment  with  radio- 
active substances,  that  is,  on  recent  follow-up 
more  than  five  years  after  the  end  of  treatment, 
there  were  found  alive  and  well  43.6  per  cent. 


In  Group  II,  comprising  the  so-called 
"borderline  cases,"  in  which  the  possibility  of 
surgical  extirpation  could  be  entertained, 
there  were  136  patients,  of  whom  31,  or  22 
per  cent,  have  been  cured. 

In  Group  III  were  340  patients  too  far  gone 
for  any  possibility  of  radical  extirpation.  Of 
these,  23,  or  6.7  per  cent,  have  been  cured; 
and  of  the  169  patients  in  Group  IV,  hopeless 
cases,  one  has  been  cured. 

The  author  believes  that  in  estimating  the 
value  of  cancer  treatment  in  the  future,  the 
quality  as  well  as  the  quantity  of  the  material 
will  have  to  be  considered. 

These  figures  represent  the  minimum  value 
of  radiant  therapy,  for  in  the  first  years  of  the 
method  to  which  they  correspond,  the  tech- 
nique was  being  developed  and  the  correct 
dosage  had  to  be  learned.  A  lamentable 
feature  of  radiation  treatment  is  that  the 
patients  have  to  be  seen  a  number  of  times, 
and  not  seldom  the  improvement  is  so  prompt 
that  they  do  not  return  for  the  full  course. 
Such  insufficient  treatment  naturally  depresses 
the  showing  for  the  method,  without  constitut- 
ing any  evidence  as  to  its  lack  of  value,  just 
as  in  syphilis  one  can  designate  salvarsan  as  a 
useless  drug  because  there  are  cases  in  which 
its  incorrect  use  has  led  to  no  result.  If  one 
excludes  from  the  foregoing  statistics  those 
cases  in  which  the  treatment  was  incomplete, 
in  which  there  were  not  at  least  three  sittings, 
we  have  the  following  showing: 

Group  I  62  cases,  46  cured,  or  73.6  per  cent; 
Group  II  ~3  cases,  31  cured,  or  41.2  per  cent; 
Group  III  176  cases,  23  cured,  or  13.1  per  cent. 

These  figures  may  be  regarded  as  showing 
the  maximum  result  for  the  present-day 
treatment  ,of  carcinoma  of  the  cervix  with 
radioactive  substances. 

In  the  same  period  the  author  has  treated 
47  cases  of  carcinoma  of  the  body  of  the  uterus, 
with  1 1  cures.  Of  these  47  cases,  24  were  oper- 
able, and  only  in  these  was  a  cure  obtained; 
the  23  inoperable  cases  were  all  lost.  In  connec- 
tion with  the  discovery,  made  in  collaboration 
with  the  pathologic  department,  that  the 
adenocarcinoma  is  resistant  to  radiation,  the 
unfavorable  results  with  the  carcinoma  of  the 
body  of  the  uterus  appear  to  be  explained  by 
the  lack  of  sensitivity  of  the  gland-carcinoma. 
It  is  likely  that  this  will  alter  our  attitude  in 
the  treatment  of  carcinoma  of  the  body. 

Of  recidiv  following  operation  elsewhere, 
the  author  saw  in  the  period  in  question  57 
cases.  Not  one  of  these  patients  was  living  after 
five  years.  According  to  the  joint  experience  of 
the    surgical,     dermatologic    and    pathologic 
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departments,  which  have  observed  rapid 
extension  of  the  carcinoma  after  diagnostic 
excision,  this  lamentable  characteristic  of 
recidiv  appears  in  a  new  light:  in  all  local 
recidiv  cases,  the  operation  is  only  a  great 
diagnostic  excision,  and  if  even  a  small  incision 
into  the  carcinoma  will  make  the  cells  run 
wild,  it  is  plain  that  biologic  alteration  of  the 
carcinoma  cells  in  consequence  of  operative 
interference  will  render  these  cells  resistant 
to  radiation.  The  author  warned  against  this 
years  ago,  and  believes  that  in  view  of  the 
results  of  radiation  alone,  we  should  in  the 
future  withhold  surgery  where  the  carcinoma 
is  accessible  to  radiation. 

The  remaining  results  with  the  author's 
material  are  as  follows: 

Of  65  cases  of  vaginal  carcinoma,  none  has 
been  cured  by  radiation.  It  appears,  that  in 
these  cases  the  growth  extends  so  rapidly 
into  the  surrounding  tissues  that  the  radiation 
therapy,  like  the  operative,  has  as  j'et  been 
unable  to  produce  any  result. 

Likewise,  poor  results  were  obtained  in  14 
cases  of  carcinoma  of  the  ovary.  They  were 
all  operated  upon,  since  it  is  naturally  out 
of  the  question  to  handle  such  large  tumors 
by  radiation  alone.  Only  one  case  has  been 
cured. 

Of  17  cases  of  carcinoma  of  the  vulva,  only 
one  case  has  been  cured,  of  7  carcinomata  of 
the  urethra,  none.  Here  the  radiation  treatment 
fails  as  well  as  the  operative. 

These  results  make  it  all  the  more  worth 
while  to  try  to  sensitize  the  carcinoma  in 
various  ways,  perhaps  even  through  radiation 
of  the  hypophysis. 

In  confirmation  of  the  conception  that 
radiation  has  a  selective  effect,  the  author 
points  not  only  to  the  anatomical  investiga- 
tions upon  the  alterations  in  the  carcinoma 
cells  following  radiation,  but  especially  to  a 
case  which  he  has  already  described  {Muncheji. 
med.  Wchnschr.,  1922,  No.  7).  This  deals  with 
a  woman  thirty-one  years  old  who  in  191 3 
developed  a  rapidly  growing  carcinoma  of  the 
portio,  which  was  so  favorably  influenced  by 
radiation  that  on  April  12,  1919,  she  gave  birth 
to  a  fully  developed  living  child.  In  this  case 
the  diseased  organ  was  so  completely  restored 
to  normal  that  not  only  its  anatomic  structure 
but  its  biologic  function  was  not  entirely  free 
from  damage. 

Wintz  (Erlangen).  Experience  with  roentgen 
therapy  of  cancer  in  the  erlanger  fraucnklinik. 
The  action  of  radium  is  limited  to  a  dcptii  of  3 
to  4  cm.  Radium  is  indeed  biologically  potent, 
but  amounts  sufficient  to  compare  in  effect 
with  .v-rays  arc  not  to  be  had.  Seitz  and  Wintz 
formerly  combined  radium  and  roentgen  rays. 


but  in  the  last  three  years  Wintz  has  treated 
portio-carcinoma  with  roentgen  rays  alone, 
and  recently  has  used  (ionic)  copper  as  an 
adjuvant.  Only  in  cases  in  which  an  adequate 
dose  was  given  was  there  regression;  at  least 
90,  often  no  per  cent  of  the  single  skin  dose 
has  been  necessary.  But  while  we  here  have  a 
fundamental  principle  for  the  destruction  of 
the  carcinoma,  we  still  have  not  the  key  to 
the  healing  process;  this  is  a  biologic  moment 
which  we  have  not  yet  mastered,  though  we 
have  extensive  destruction-methods  at  our 
command.  Destruction  and  restitutio  ad  inte- 
grum, however,  are  not  one  and  the  same  thing. 

As  for  technique,  Wintz  uses  one  vulva  field, 
two  abdominal  fields,  one  anal  field,  and  two 
dorsal  fields.  Then  the  parametrium  is  radiated. 
In  twelve  weeks  if  the  tumor  has  not  vanished, 
there  has  been  a  fault  in  the  technique.  But 
the  disappearance  of  the  tumor  does  not  mean 
a  cure.  The  dosage  remains  the  deciding  factor. 

With  the  aid  of  ionic  copper,  results  are 
attained  which  surpass  those  of  roentgen  rays 
alone.  The  copper  salts  are  driven  into  the 
tumor  mass  by  cataphoresis,  as  well  in  the 
parametrium  as  in  the  portio.  Appropriate 
disposition  of  the  cathode  and  anode  deposits 
much  copper  in  the  tumor,  little  in  the  skin. 
Among  the  unfavorable  effects,  vascular  in- 
juries are  frequent.  Double  the  erj-thema  dose 
leads  to  induration  of  the  skin,  which  resolves 
in  from  one  to  two  years  and  which  must  not 
be  interfered  with,  except  perhaps  for  the 
application  of  heat.  Furthermore,  a  damage  of 
the  vault  of  the  bladder  is  often  observed,  and 
the  bladder  must  therefore  be  emptj-  at  the 
time  of  treatment.  Also,  a  tendency  to  calculus 
formation  in  the  bladder  is  seen. 

Every  place  that  has  had  half  a  roentgen 
dose  (skin,  intestine,  etc.)  is  to  be  regarded  as  a 
locus  minoris;  here  a  slight  trauma  suffices 
to  cause  damage,  e.g.,  the  pressure  of  a  corset, 
etc.  Diagnostic  excision  is  the  worst  of  all, 
and  the  author  warns  against  it. 

In  carcinoma  of  the  breast  he  uses  large 
fields  at  a  distance,  120  to  150  cm.  skin-focus 
distance,  through  3  mm.  of  aluminum.  Deep 
radiation  damages  the  lungs  and  causes 
induration  of  the  pleura. 

Statistics.  Carcinoma  of  the  portio:  15 
per  cent  free  after  four  years.  Carcinoma  of 
the  breast:  4  out  of  17  cases  free  five  years; 
7  out  of  12  free  four  years;  19  out  of  47  cases 
free  three  years. 

Sachs  (Heidelberg).  The  New  Methods  of 
Serodiagnosis  of  Cancer.  The  experimental 
attempts  of  the  last  ten  years  to  immunize 
animals  against  cancer  material  by  the  use  of 
cancer  scrum  have  failed.  This  has  limited 
the  hope  of  a  serodiagnosis  of  cancer.  Abder- 
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halden's  theory  of  the  excavation  of  organs  by 
cancer  by  means  of  ferments  has  not  been 
confirmed  by  Sachs  and  Oettlingen.  Kottmann 
(Bern)  has  a  method  different  from  Abder- 
halden's,  but  he,  too,  has  failed  to  obtain 
clear,  practical  and  useful  results.  Tiie  fixation 
of  complement  in  tumor  diagnosis  deserves 
looking  into.  The  serum  of  patients  who  have 
tumors  frequently  gives  a  falsely  positive 
reaction  for  lues.  Lability  of  the  blood  proteins 
in  pregnancy,  infectious  diseases  and  tumors 
gives  rise  to  chemical  methods  of  investigation. 
The  determination  of  the  antitrypsin  content 
gives  unreliable  results. 

Alterations  in  the  serum  of  tumor  patients 
can  nevertheless  be  found  in  the  overwhelming 
majority  of  cases.  The  similarity  of  the  sera  of 
pregnant  women,  patients  with  infectious 
disease,  and  with  tumors,  is  significant:  the 
cause  is  excessive  tissue  growth  and  tissue 
destruction.  More  to  our  purpose  would  be  a 
reaction  which  would  occur  in  only  30  per  cent 
of  cases,  if  it  would  occur  only  in  the  presence 
of  a  tumor. 

There  is  thus  no  characteristic  serodiagnosis 
for  tumors;  there  are  symptomatic  reactions, 
which  ser\'e  as  aids.  The  question  whether  it  is 
possible  ever  to  discover  a  serodiagnosis  of 
cancer  is  still  an  open  one. 

Kahn  (Altona) :  A  simple  flocculation  reac- 
tion associated  with  malignant  tumors.  During 
investigations  upon  the  applicability  of  the 
varying  inhibiting  power  of  various  sera 
toward  hemolysis  with  sodium  oleate  for  the 
differential  diagnosis  of  malignant  tumors,  it 
was  found  that  especially  in  tumor  patients 
the  decrease  of  the  power  to  inhibit  sodium 
oleate  hemolysis  parallels  a  degree  of  cloudiness 
which  appears  some  time  after  the  serum  and 
oleate  are  brought  together.  Technique:  Six 
test  tubes,  in  each  of  which  are  0.2  c.c.  of 
serum,  then  0.2  c.c.  of  glycerin,  and  in  incre- 
ments of  0.05  c.c,  0.2  to  0.4  c.c.  of  sodium 
oleate  solution.  Cloudin,ess  or  flocculation  is 
then  read  off.  The  reaction  was  positive  in  all 
cases  examined  of  carcinoma  of  the  gastro- 
intestinal tract,  the  liver  and  the  pancreas; 
with  the  exception  of  a  case  of  carcinoma  of  the 
pancreas  with  severe  cholemia.  It  was  otherwise 
positive  only  in  cases  of  highly  febrile  tubercu- 
losis, in  several  cases  of  highly  febrile  acute 
infections,  and  in  extensive  cirrhosis  of  the 
liver.  These  do  not  influence  the  practical 
application  of  the  reaction,  for  these  conditions 
may  be  distinguished  clinically.  It  cannot  be 
theoretically  regarded  that  this  has  to  do  with 
specific  immunity  reaction. 

The  advantage  of  the  reaction  over  the  old 
hemolysis  methods  and  the  meiostagmin  reac- 
tion   is    that    while    the    exactness    is    about 


the  same,  the  manipulation  is  considerably 
simpler. 

A  positive  reaction  consists  in  the  appearance 
of  flocculation  after  the  addition  of  0.25  c.c, 
of  cloudiness  after  0.3  c.c.  of  the  neutralized 
0.1  per  cent  oleic  acid  solution. 

Caspary  (Frankfurt-on-Main) :  Cancer  and 
immunity. 

The  methods  of  producing  unspecific  im- 
munity are  manifold.  It  can  be  induced  by 
parenteral  injection  of  foreign  proteins,  tissue 
autolysates,  blood  transfusion,  implantation 
of  embryonal  tissue,  chemicals,  protoplasmic 
poisons,  and  especially  by  complex  metal  salts. 
Coincident  with  cell  destruction  there  appear 
effects  from  small  doses  of  roentgen  rays; 
likewise  from  fevers.  Even  dyspnea  sets  im- 
munity processes  in  motion.  The  percentage 
of  fatal  cases  in  men  who  do  bodily  labor  is 
smaller  than  in  those  who  do  not.  The  cata- 
bolism  of  cells  increases  the  resistance.  Accord- 
ing to  tiie  necrohormone  theory,  the  stimula- 
tion of  the  necrohormone  causes  growth  of 
connective  tissue:  hence  the  defensive  process 
of  the  body.  First  the  lymphocytes  appear  at 
the  disease-focus,  and  are  there  transformed 
into  fibroblasts.  The  process  is  identical  with 
scar-formation.  The  best  effect  for  immuni- 
zation is  obtained  by  the  introduction  of  any 
kind  of  tissue.  The  first  degree  of  the  effect  is  a 
lengthening  of  the  latent  period  and  better 
tolerance  of  the  tumor.  The  second  degree  is 
marked  by  a  definite  hindering  of  the  growth. 

So  far  there  is  no  prospect  of  these  conse- 
quences of  therapy  being  available  in  man. 
Diathermy  produces  a  local  increase  in  tem- 
perature and  can  thus  be  of  use.  The  production 
of  fever  leads  to  weakness.  Injection  of  metal 
salts  has  only  an  adjuvant  effect.  Roentgeno- 
therapy. Little  is  to  be  expected  from  passive 
immunization.  Experiments  upon  immunity 
processes  can  jield  us  practical  means  for 
therapy. 

Werner  (Heidelberg).  The  new  biologic  and 
chemotherapeutic  methods  of  treating  cancer. 

Despite  operation  and  radiation,  more  than 
85  per  cent  of  cancer  patients  die.  The  biologic 
and  chemotherapeutic  procedures  are  regarded 
as  either  strengthening  of  the  radiation  effect 
or  delaying  postoperative  recidiv  or  else  as 
independent  measures.  The  object  is  always  an 
influencing  of  the  blood  or  Ij'mphatic  channels 
or  the  tumor  cells  themselves  in  the  sense  of  a 
destruction  or  of  a  resistance  of  the  region  of 
the  endocrine  organs. 

It  is  seldom  that  there  is  an  attempt  to 
utilize  the  chemical  affmity  of  tumor  cells  for 
an  injected  substance.  There  is,  however, 
often  an  indirect  effect,  by  reducing  the  blood 
supply    or    by   the    stimulation    of   endocrine 
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organs.  Chemical  therapy  in  the  strict  sense 
comprises  the  use  of  clinically  tested  prepara- 
tions of  arsenic,  iodine,  silicon,  silver,  copper, 
iron,  selenium, vanadium,  and  lead;  and  further, 
the  use  of  vital  stains. 

For  chronic  use,  arsenic  is  employed  in 
small  or  medium-sized  doses;  upon  the  appli- 
cation of  large  doses,  many  lymphosarcomata 
heal,  likewise  myelogenous  bone  tumors,  and 
skin  cancers.  Intravenous  injection  of  large 
doses  of  atoxyl,  salvarsan,  or  related  prepara- 
tions is  followed  by  rapid  melting  away  of  even 
large  sarcomata,  but  at  the  price  of  a  stormy 
general  reaction  that  is  not  free  from  danger. 

Intratumoral  injection  of  potassium  iodide 
for  the  purpose  of  making  more  effective  the 
radiation  is  disappointing. 

Silicon  occupies  a  place  not  only  in  folk 
medicine,  but  also  in  the  form  of  various  com- 
bmations  for  use  by  mouth  or  by  injection  as 
true  or  colloidal  solutions.  Isolated  examples 
of  its  successful  use  in  confirmed  carcinoma 
have  been  described,  but  the  single  trial  ol  the 
author  was  negative. 

Silver  and  copper  salts  are  given  either 
intravenously  or  intratumorally,  in  the  hope 
of  destroying  the  tumor  cells  or  of  strengthen- 
ing the  effect  of  radiation,  or  for  the  indirect 
effect  through  the  blood.  The  preparations 
most  frequently  used  are  collargol,  argatoxyl, 
fulmargin  and  argoflavin;  and  of  the  silver 
salts,  cuprase  of  the  copper.  Again,  only  iso- 
lated results  are  attained,  at  the  price  of  severe 
constitutional  reactions.  Wintz  has  used  copper 
intratumorally  and  believes  that  it  increases 
the  radiation  eflect. 

Selenium  operates,  in  the  combinations  so 
far  tried,  as  does  a  rsenic,  but  the  dosage  is 
difficult,  and  large  doses  produce  mild  intoxi- 
cations; moreover,  the  tolerance  of  difference 
individuals  appears  to  be  very  different.  The 
form  best  withstood  the  colloidal  selenium- 
vanadium.  Some  carcinomata  of  the  gastro- 
intestinal tract  have  shown  apparently  good 
results. 

Iron  is  used  principally  for  the  betterment 
of  the  blood-picture.  In  secondary  anemia  and 
beginning  cachexia  an  especially  favorable 
effect  is  seen.  It  is  particularly  important 
to  give  this  aid  for  the  constitution  before 
radiation. 

The  acetate  of  lead,  which  has  been  recently 
recommended  on  all  sides  was  tried  by  the 
author  fifteen  years  ago,  and  has  not  pro\ed  of 
value. 

Vital  stains,  especially  methylene  iilue  and 
methyl  violet,  stain  the  tumor  intensely,  but 
have  little  application  in  combination  with 
radiation.  Roosen  has  devised  an  Interesting 
method    ol    gi\ing   subcutaiieousK    metlnlt'nc 


blue,  which  stains  the  tumor  and  the  body 
tissues;  the  body  tissues  soon  become  decolor- 
ized, but  the  tumor  does  not;  the  administra- 
tion of  calomel  is  then  expected  to  produce 
bichloride  of  mercury  in  the  tumor.  Or,  isamin 
blue  is  injected  until  it  stains  the  tumor  deeply, 
and  then  neosalvarsan  is  injected  to  produce 
toxic  oxidation  products  in  the  tumor.  Un- 
fortunately these  two  methods  have  not 
produced  convincing  results. 

Injection  of  cholin  compounds  sensitizes  the 
tumor  to  radiation,  but  it  also  sensitizes  the 
skin,  so  that  as  yet  no  advantage  has  been 
derived  from  it. 

The  injection  of  protein  bodies,  e.g.,  casein 
compounds,  has  a  definite  effect  for  the  better 
on  the  general  state  of  the  patient,  but  little 
effect  on  the  tumor  itself.  The  effect  of  bodies 
given  to  increase  the  lymphocytes,  e.g.,  sodium 
nucleinate,  is  not  much  different. 

On  the  other  hand,  one  sees  that,  with  the 
intravenous  injection  of  foregoing  or  even  any 
kind  of  sera,  organ  extracts,  expressed  tissue 
juices,  and  autolysites  of  tumors,  either  similar 
to  or  different  from  the  tumor  treated,  have  a 
good  effect  on  the  tumor,  especially  at  the 
beginning  of  treatment,  and  sometimes  there 
is  a  considerable  diminution  of  the  size  of  the 
tumor.  As  a  rule  the  failure  of  the  treatment  is 
observed  in  four  to  five  weeks.  One  can  hope, 
however,  for  a  new  therapeutic  weapon  with 
the  development  of  the  method.  How  far  one 
can  hope  for  results  by  combinations  of  these 
procedures,  and  especially  by  increasing  the 
doses,  is  still  quite  uncertain. 

In  the  sense  of  protein-therapy,  such  reme- 
dies as  the  antimeristem  of  Schmidt,  or  cirrho- 
san,  give  some  effect,  but  the  experiences  so 
far  have  yielded  but  little. 

In  some  cases  there  have  been  seen  apparent 
healing  of  hopelessly  sick  patients,  giving  the 
impression  of  a  therapia  sterilisans  magna. 
As  an  example,  a  single  intravenous  injection 
of  sterile  filtered  milk  has  been  followed  by 
the  complete  disappearance  of  an  histologically 
demonstrated  large  carcinoma  of  the  stomach. 

We  cannot  count  on  these  results  unquali- 
fiedly, because  special  circumstances  of  un- 
known kinds,  beyond  our  control,  e.g.,  the 
accidental  admixture  of  bacterial  products  and 
the  like,  make  it  impossible  to  reproduce  the 
conditions  of  a  given  case. 

F.rdmann  (Berlin).  Cultivation  of  tumor 
cells. 

I-lpithelial  cells  can  be  cultivated  in  \itro 
without  limit,  if  they  are  transplanted  every 
second  day.  The  medium  must  be  semi-solid; 
if  it  becomes  lluid  it  must  be  replaced  at 
once.  The  cancer  cells  must  be  transplanted 
I'MTN    t\\ent\-four    hours   or   oltcner.    Fins    is 
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why  the  cultivation  of  cancer  cells  is  difficult. 
Normal  cells  from  birds  and  mammals  which 
grow  without  limit  in  vitro,  die  promptly  when 
transplanted  to  a  new  host,  in  contrast  to  the 
inoculated  tumors.  Experiments  are  under 
way  to  reduce  the  resistance  oF  the  prospective 
host.  An  inoculated  tumor  continues  only  when 
stroma  is  inoculated  with  it.  This  calls  renewed 
attention  to  the  study  of  the  stroma.  But  if  too 
much  connective  tissue  is  present,  the  epithe- 
lial cells  do  not  grow.  The  growth  of  epithelium 
is  thus  something  secondary;  it  is  linked  up 
with  the  connective  tissue  stroma  in  some  way. 

Ellinger,  Cans  and  Rapp  (Heidelberg). 
Thorium    nitrate    as   a    means    of   sensitizing. 

Starting  from  the  standpoint  that  only  the 
absorbed  portion  of  the  rays  is  effective,  it  was 
sought  to  permeate  the  tumor  tissue  with  a 
substance  of  high  atomic  weight  in  the  finest 
possible  state  of  division.  The  substance  had 
to  be  non-toxic.  Thorium  nitrate  in  lo  per 
cent  solution  together  with  12  per  cent  of 
cocaine  was  injected  into  the  tumor  or  the 
lupus  tissue,  and  radiation  applied.  The 
injection  is  very  painful,  the  pain  lasting  from 
half  an  hour  to  twelve  hours.  Injection  of  large 
tumors  requires  narcosis.  Contrary  to  the 
usual  roentgen  handling,  one  begins  with 
smaller  doses,  and  should  not  exceed  a  third 
of  the  single  skin  dose.  The  increase  of  the 
effects  is  to  be  explained  by  the  effect  of  the 
secondary  electrons  in  the  tissue.  The  method 
is  danger-free  with  small  amounts  of  the  ray; 
with  larger  amounts  there  is  rapid  destruction. 
No  fatalities. 

Gynecologic  Congress  in  Heidelberg.  Section 
of   Radiation   Therapeutics,    May   25,    1923. 

Risse  (Freiburg).  Blood  changes  after  radia- 
tion. 

The  author  found  in  cases  of  carcinoma  an 
acceleration  of  the  decrease  of  the  blood  cells, 
but  after  radiation,  usually  a  slower  decrease, 
which  lasted  for  six  to  eight  weeks.  Similarly, 
an  increase  in  the  cholesterin  and  lecithin 
content  of  the  blood.  In  the  majority  of  cases, 
after  an  initial  hyperglycemia,  there  was  a 
decrease  of  blood  sugar.  The  values  sank  to  as 
low  as  one  tenth.  In  radiated  diabetics  the 
sugar  in  the  urine  decreased,  but  the  sugar 
content  of  the  blood  remained  unchanged. 
This  was  true  of  radium  radiation  as  well  as 
x-ray.  The  coagulation  time  was  much  acceler- 
ated in  most  cases  by  medium  and  large  doses. 
The  leucocytes  decreased. 

Mikulicz-Radeki  (Leipzig).  Roentgen  radi- 
ation and  the  rate  of  decrease  of  the  blood- 
cells.  The  author  found  acceleration  after 
operation,  and  subsequent  to  radiation  a 
slowing,  later  an  acceleration  of  the  fall  of  the 
blood-cell  count.   His  experience  agreed  with 


Risse's.  He  hopes  to  obtain  prognostic  informa- 
tion. The  cause  of  the  slowing  is  alteration  of 
the  fibrinogen  or  electric  charging  of  the  red 
cells. 

Martins  (Bonn).  Experimental  investiga- 
tions upon  radiation  effect. 

In  general,  one  accepts  the  theory  that  the 
difference  between  the  sensitivity  of  the  carci- 
noma cells  and  that  of  the  surrounding  tissue 
is  greater  for  hard  rays  than  for  soft.  In 
experiments  with  the  radiation  of  bean  and  pea 
seedlings  Martius  found  more  damage  by  the 
soft  rays  than  by  the  hard,  but  caution  should 
be  observed  in  applying  such  results  to  man. 
At  all  events,  it  does  not  appear  that  an  increase 
in  the  hardness  of  the  ray  is  necessary  in  deep 
therapy.  The  hardness  must  be  great  enough  so 
that  absorption  occurs  at  the  desired  depth. 

Hofbauer  (Dresden).  Clinical  observations 
on  radiation  of  the  hypophysis.  Investigations 
on  the  effect  of  radiation  of  the  midbrain 
and  the  hypophysis  upon  the  female  genital 
tract. 

After  radiation  of  the  hypophysis  in  normal 
women,  the  uterus  showed  swelling.  The 
question  whether  a  functional  stimulation  of 
the  uterus  can  be  attained  by  radiation  of  the 
hypophysis  was  thus  answered  in  the  affirma- 
tive. Pains  were  elicited  like  those  following 
injection  of  pituitary  substance.  Hypophyseal 
radiation  in  functional  bleeding,  for  activating 
metabolism,  is  to  be  studied.  In  one  case  a  loss 
of  weight  of  18  kg.  was  noted  in  fourteen  days. 
After  radiation  of  the  hypophysis  only,  the 
following  changes  in  carcinoma  were  demon- 
strated histologically:  vacuolization  of  the 
protoplasm,  cessation  of  mitosis,  and  the 
appearance  of  fibroblasts.  The  carcinoma  was 
definitely  "radium-ripe"  (material  from  the 
Munich  clinic).  Even  the  most  conservative 
interpretation  finds  that  in  the  cases  in  which 
the  hypophyseal  radiation  was  of  good  effect, 
the  tumor  cells  underwent  a  decrease  of 
vitality,  the  connective  tissue  cells  showed  an 
inflammatory  reaction  and  the  resistance  of 
the  organism  was  increased.  Roentgen  or 
radium  therapy  was  then  used.  In  some  cases 
there  were  frank  failures. 

Werner  (Vienna).  Experiences  with  radia- 
tion of  the  spleen  in  gynecology. 

Werner  has  radiated  the  spleen  in  74  cases 
of  bleeding  and  had  results  in  -^'o  per  cent.  The 
best  results  were  in  young  girls  and  with 
inflammatory  tumors  of  the  adnexa.  In  the 
greater  number  of  cases  permanent  effect  was 
not  attained.  Direct  influence  of  the  substance 
governing  coagulation  was  suggested.  In 
placenta  previa,  no  prophylactic  effect  was 
attained.  Three  cases  of  melena  neonatorum 
were  cured. 
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Vorlander  (Freiburg).  Histologic  observa- 
tions on  radiated  mice  with  and  without 
carcinoma. 

The  author  demonstrated,  by  the  use  of  900 
white  mice,  the  effect  of  radiation  of  carcinoma. 

The  end  stage  is  the  formation  of  a  con- 
nective tissue  capsule  and  fat  tissue.  The  con- 
nective-tissue cellular  reaction  is  what  brings 
about  the  obliteration  of  all  the  carcinoma 
cells.  Proliferation  processes  in  the  con- 
nective tissue  are  an  expression  of  a  general 
reaction. 

Kok  (Heidelberg).  Experimental  contribu- 
tion to  the  radiation  treatment  of  carcinoma. 

After  radiation  of  mouse  carcinoma  with 
200  kv.  through  0.5  mm.  of  copper  Kok  saw 
constant  regression;  never  a  stimulation  of  the 
tumors.  Medium  doses  had  better  effect  than 
large;  the  epilation  dose  is  perhaps  the  best. 
Large  fields  were  better  than  small.  The  same 
effect  was  produced  when  the  opposite  half  of 
the  mouse  from  the  one  containing  the  carci- 
noma was  radiated.  From  these  observations 
it  follows  that  radiation  therapy  must  be 
placed  upon  a  different  footing,  and  that 
colossal  doses  do  harm. 

Doderlein,  Jr.  (Munich).  Critical  investiga- 
tion of  the  carcinoma  question. 

An  agreement  between  histologic  structure 
and  clinical  findings  can  be  demonstrated,  to 
the  extent  that  no  cured  cases  of  adenocarci- 
noma were  found.  The  healed  cases  were 
pure  solid  carcinomata,  presumably  derived 
from  the  superficial  epithelium.  "Atypical 
epithelial  growths"  are  hardly  to  be  differen- 
tiated histologically  from  true  tumors. 

Weibel  (Vienna).  The  relation  between 
pregnancy  and  uterine  carcinoma.  A  special 
malignancy  of  carcinoma  of  the  uterus  in  the 
gravid  cannot  be  claimed.  The  author  cites 
fifteen  cases,  all  operable.  In  thirteen,  the 
gravidity  was  evidently  older  than  the  carci- 
noma. 

As  to  the  relation  between  age  and  uterine 
carcinoma,  old  people  showed  no  more  recidives 
than  the  younger. 

Discussion :  Doderlein  regards  the  problem 
of  the  hypophysis  as  interesting  and  worth 
consideration.  The  midbrain  appears  to 
dominate  the  endocrine  system. 

Geller  (Breslau)  in  1921  radiated  3  cases  of 
dystrophia  adiposogenitalis  and  gave  60  per 
cent  of  the  single  skin  dose  over  the  hypo- 
physis; in  two  cases,  no  result.  In  acromegaly 
and  with  very  weak  menstruation  he  gave  the 
full  dose  with  improvement. 

Hirsch  (Altona)  believes  that  by  stinuilation 
of  the  hypophysis  the  whole  organism  is  made 
more  fit.  This  can  also  be  accomplished  by  the 
injection   of  endocrine   preparations.    He  dis- 


sents from  a  direct  influence  of  the  radiation 
of  the  hypophysis  on  uterine  carcinoma.  The 
hypophysis  presides  over  the  ovary;  when  it  is 
impaired,  the  ovary  is  impaired — temporary 
castration. 

Werner  (Heidelberg)  has  had  no  results 
from  the  treatment  of  bleeding  by  radiation 
of  the  hypophysis  (as  did  Hofbauer).  He  has, 
however,  obtained  a  good  effect  upon  the 
pains  of  menstruation,  and  in  amenorrhea  has 
brought  about  the  return  of  the  menses. 

Gragert  (Greifswald)  confirmed  the  decrease 
of  the  rate  of  fall  of  the  blood  count. 

Vogt  (Tubingen)  has  had  results  in  only  50 
per  cent  of  the  cases  of  bleeding  treated  by 
radiation  of  the  spleen. 

Teilhaber  (Munich)  agreed  with  Hofbauer 
upon  the  effect  of  ultraviolet  rays  and  dia- 
thermy. Electromagnetic  oscillations  of  various 
kinds  stimulate  connective-tissue  formation. 

Seitz  (Frankfurt-on-Main)  regards  the  local 
effect  of  the  roentgen  rays  as  more  significant 
than  the  general  effect,  without  deprecating 
the  latter.  The  dose  must  destroy  the  function 
of  the  carcinoma  cell.  It  is  an  error  to  place  the 
general  effect  in  the  foreground,  for  thousands 
of  carcinomata  are  healed  by  local  radiation 
alone.  It  is  necessary  to  produce  a  certain 
degree  of  swelling.  The  "carcinoma  dose" 
given  for  the  carcinoma  of  the  cervix  does  not 
hold  for  carcinoma  of  the  breast  and  other 
organs.  The  results  of  animal  experiments  and 
those  of  work  on  humans  are  not  to  be  confused. 

Wintz  (Erlangen)  is  of  the  opinion  that 
connective  tissue  replaces  the  carcinoma  but 
does  not  choke  it.  The  connective-tissue  growth 
is  secondary;  the  products  of  destruction  of  the 
carcinoma  stimulate  the  connective  tissue. 
He  expects  little  from  histologic  investigations; 
a  biologic  reaction  must  be  found,  which 
indicates  the  reaction  between  the  rays  and  a 
carcinoma.  After  radiation  of  the  hjTpophysis 
he  once  observed  dystrophia  adiposogenitalis. 
When  the  hypophysis  received  50  to  60  per 
cent  of  the  single  skin  dose,  eosinophilia  was 
observed.  The  hypophysis  is  endangered  by  90 
per  cent  of  the  skin  dose.  ^\  intz  admits  the 
possibility  of  the  sensitization  of  the  carcinoma 
by  radiating  the  hj"pophysis;  which  also, 
however,  stimulates  the  body. 

Kehrer  (Dresden)  holds  the  adenocarcinoma 
of  the  cervix  as  refractory  to  radiation.  Radium 
has  a  better  effect  than  the  .v-ray  in  carcinoma 
of  the  cervix.  Radium  does  not  injure  the 
ovaries:  the  roentgen  ray  kills  them.  In  old 
women  he  recommends  ovarian  transplanta- 
tion. 

Kraft  (Dresden)  has  seen  serous  permeation 
of  cutaneous  carcinoma  metastasis  after  radia- 
tion of  the  hypophysis.  There  is  an  effect  on 
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the  breast  as  in  gravidity.  He  warns  against 
large  doses  upon  the  brain,  fearing  late  mani- 
festations of  harm. 

Thies  has  seen  more  and  larger  multiple 
recidives  after  insufficient  radiation  than 
formerly.  In  respect  to  the  results  of  radiation 
treatment,  he  notes  that  adnexa  tumors  may 
masquerade  as  inoperable  carcinomata. 

Lahm  (Dresden)  agrees  with  Wintz  as  to 
the  theory  of  healing  of  carcinoma:  first, 
disappearance  of  the  carcinoma  tissue,  then 
invasion  of  the  space  by  connective  tissue. 
The  principal  consideration  is  to  alter  the 
degree  of  maturity  of  the  carcinoma  by  the 
radiation.  If  eosinophile  cells  appear  under  the 
radiation  treatment,  the  prognosis  is  doubly 
favorable.  The  preservation  of  the  trophic 
nerves  plays  an  important  role.  Lahm  therefore 
does  not  use  an  excessively  hard  ray.  A  homo- 
geneous deep  field,  however,  must  be  had. 
Constitutional  treatment  is  necessary  to 
support  the  resistance  of  the  body. 

Holzbach  (Mannheim).  More  than  80 
per  cent  of  the  inoperable  carcinomata  of  the 
uterus  die  from  renal  damage  by  growth  of 
the  carcinoma  involving  and  compressing  the 
ureters.  He  transplants  the  ureters  into  the 
vault  of  the  bladder  and  prolongs  life  by 
preventing  their  being  involved. 

Hofbauer  states  that  the  ophthalmologists 
have  never  noted  damage  to  the  brain  by 
radiation  of  the  hypophysis. 

Opitz  (closing  the  discussion).  Many  ex- 
amples are  at  hand  to  show  the  relation 
between  the  hypophysis  and  midbrain  and  the 
vegetative  nervous  system.  Overdosing  over 
the  hypophysis  is  to  be  avoided.  He  does  not 
recommend  local  radiation;  he  usually  uses  a 
combination  of  radium  and  roentgen  rays. 

Winter    (Konigsberg)    Carcinoma   statistics. 

The  classification  used  hitherto:  (i)  Oper- 
able cases.  (2)  Borderline  cases.  (3)  Inoperable. 
(4)  Terminal.  This  is  not  useful.  For  compara- 
tive purposes  and  for  clearing  up  the  problem 
the  statistics  must  deal  with  (i)  the  operable, 
and  (2)  the  inoperable  cases.  Even  if  a  few 
cases  do  show  recidiv  later,  an  observation 
period  of  five  years  suffices.  It  is  false  to  con- 
struct statistics  only  upon  the  living;  for 
many  which  have  been  counted  as  successful 
cases  have  already  relapsed. 

On  the  basis  of  a  questionnaire  sent  to  many 
university  clinics  and  hospitals.  Winter  estab- 
lishes the  following  cardinal  requirements  of 
carcinoma  statistics: 

1.  All  cases  must  be  included  which  come  to 
the  clinic. 

2.  Division  into  operable  (carcinoma  limited 
to  the  uterus  and  its  immediate  vicinity)  and 
inoperable  (no  kind  of  operation  possible). 


3.  Enumeration  of  all  fatal  cases. 

4.  Observation  period  oi  five  years. 

5.  No  deductions  allowed. 

6.  In  the  absolute  percentage,  all  cases  to 
be  reckoned  as  relative  percents  of  a  given 
management. 

7.  Each  author  must  differentiate,  in  the 
absolute  number,  between  subjective  and 
objective. 

Discussion:  Doderlein  recommends  a  strict 
adherence  to  the  cardinal  principles.  Statistics, 
to  be  worth  anything,  must  include  at  least 
300  cases.  In  the  future  perhaps  large 
numbers  of  cases  will  allow  statistics  upon 
the  result  of  elective  treatments,  when  the 
one  case  is  treated  by  operation,  the  other  by 
radiation. 

Opitz  would  add  to  the  details  mentioned 
by  Winter,  the  local  difference  in  malignancy 
of  carcinoma.  Thus  Kronig  had  38  per  cent  of 
cures  in  Jena,  5  per  cent  in  Freiburg.  Opitz 
also  regards  the  division  of  cases  into  operable 
and  in  operable  as  too  nice.  The  five-year  obser- 
vation limit  is  too  short.  Since  we  have  been 
radiating  carcinoma,  the  case  .has  changed, 
and  now  it  is  not  infrequent  for  recidiv  to 
occur  even  after  seven  years.  The  most  certain 
criterion  is  for  the  patient  to  remain  well  all 
her  life. 

Stoeckel  (Ciel).  Palpation  is  not  suffici- 
ently certain  to  form  a  basis  of  statistics. 
When  rectoscopy  and  cystoscopy  are  more 
frequent,  there  will  be  better  foundation  than 
on  palpation. 

Von  Jaschke  (Ziessen)  calls  attention  to  the 
fact  that  there  is  an  extraordinary  difference 
in  operation  technique,  and  that  the  exact 
technique  must  be  noted;  not  every  Wertheim 
operation  is  a  true  Wertheim,  but  it  may  be 
reported  as  such.  Kronig  operated  in  Jena 
much  more  radically  than  he  did  later  in  Frei- 
burg. This  is  the  explanation  for  the  difference 
in  results  mentioned  by  Opitz. 

The  presiding  officer,  Menge,  spoke  for 
improved  statistics.  The  present  statistics 
are  made  upon  operative  therapy;  we  paste 
the  new  onto  the  old.  Our  grandsons  will 
laugh  at  our  statistics  because  of  the  ridiculous 
classifications.  Menge  pleads  for  statistics 
according  to  length  of  life:  after  a  certain 
treatment  so  and  so  many  live  two,  three,  four 
years,  etc.  To  the  number  of  the  dead  should 
be  added  the  number  that  have  disappeared 
from  observation.  Statement  should  be  added 
as  to  whether  the  survivors  are  found,  by 
palpation,  to  be  free  from  recurrence. 

At  the  conclusion,  upon  resolution  of  the 
society,  the  statistics  worked  out  by  Winter 
were  accepted  as  the  ones  to  be  employed, 
perhaps  in  connection  with  others. 
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Dandy,  Walter  E.  Localizing  brain  tumors 
in  comatose  patients.  Surg.,  Gynec.  &  Obst., 
May,  1923,  XXX vi,  641. 

The  author  gives  in  full  a  detailed  statement 
of  his  method  and  the  indications  for  the 
determination  of  communication  between  the 
cerebral  ventricles  and  the  estimation  of  their 
position  and  size  without  the  injection  of  air. 
Roughly  estimated,  not  more  than  50  per 
cent  of  all  brain  tumors  are  localizable  by 
neurological  and  roentgenological  examina- 
tions, and  it  is  for  the  localization  of  the  other 
half  that  cerebral  pneumography  is  of  the 
greatest  value. 

The  emergency  method  proposed  when 
cerebral  pneumography  is  not  possible  is  to 
estimate  the  size,  position,  and  intercom- 
munication of  the  ventricles  by  aspiration  of 
the  fluid  in  the  lateral  ventricles  (and  at  times 
from  the  cisterna  magna).  Puncture  of  both 
ventricles  is  always  necessary. 

The  article  is  abundantly  illustrated  by 
drawings,  photographs  and  roentgenograms. 

The  author  expresses  the  hope  that  he  may 
publish  in  detail  a  large  series  of  brain  tumors 
in  which  the  use  of  cerebral  pneumography 
has  been  the  means  of  localizing  the  growth. 

GuiSEz,  J.  Radium  treatment  of  cancer  of 
the  esophagus.  Presse  med.,  Feb.  28,  1923, 
xxxi,  193. 

Guisez  since  1909  has  treated  180  cases  of 
cancer  of  the  esophagus  wdth  radium  rays. 
During  the  first  few  years  the  benefit  was  only 
palliative,  but  during  the  last  three  years  a 
number  of  apparent  cures  have  been  realized. 
This  improvement  in  results  he  believes 
depends  upon  improvement  in  technique. 
In  all  the  cases  treated  during  the  last  six 
months  not  a  trace  of  cancer  can  be  seen  and 
all  difficulty  in  swallowing  has  disappeared. 
The  endoscopic  pictures  of  a  number  of  cases 
are  reproduced  and  complete  details  of  treat- 
ment and  dosage  are  included  in  the  text. 

RiEDER.  Irradiation  sickness.  Strablenther- 
apie,  xii,  p.  5-3. 

The  general  manifestations  of  irradiation 
sickness  ("Roentgen  Kater"  of  the  Germans) 
can  be  diminished  by  means  of  thorough  ven- 
tilation of  the  radiation  room.  As  the  author 
considers  the  electrical  charging  of  the  patient 
as  one  of  the  causes  of  after-sickness,  he  recom- 
mends that  the  electricity  be  grounded  through 
a  cable  applied  at  the  thigh  and  connected 
with  the  water  conduction.  Great  caution  is 
needed  on  account  of  the  danger  of  short- 
circuiting.  The  grounding  is  preferably  em- 
ployed only  with  a  minimum  distance  of  40  cm. 
between  the  focus  and  the  skin.  Unnecessarilv 


large  fields  should  also  be  avoided.  The 
radiated  body-space  should  be  restricted  to 
the  smallest  possible  measure.  By  means  of 
administration  of  iaudanum-scopolamin,  it  is 
possible  to  reduce  the  general  manifestations 
to  a  minimum  degree,  also  in  radiations  of  the 
splanchnic  region  where  there  is  a  special 
tendency  to  after-sickness. 

LoTSY.     A     case    of    left-sided     renal    stone 

together    with    gall-stones    in    the    colon. 

Fortschr.  a.  d.  Geb.  d.  Rontgenstrablen,  1923, 

xxx,  214. 

A  nativ'e  Egyptian  was  referred  to  the  author 
in  Cairo  for  examination  of  the  left  kidney. 
A  shadow  of  a  large  renal  stone  was  found, 
and  there  were  also  several  shadows  lower  in 
the  abdomen  which  changed  their  position 
readily.  A  history  of  severe  epigastric  cramps 
three  or  four  weeks  before,  followed  by  jaun- 
dice, was  then  elicited.  Lotsy  concluded  that 
the  shadows  in  question  were  due  to  gall- 
stones which  had  lain  meanwhile  in  the  cecum, 
but  had  been  mobilized  by  the  castor-oil  taken 
the  night  before  examination.  He  gave  the 
patient  a  physic  and  directed  him  to  wash  all 
stools  through  a  sieve.  However,  the  patient 
was  not  very  bright  and  on  his  return  he  said 
that  he  had  found  nothing.  Reexamination 
showed  that  the  shadows  in  question  had  dis- 
appeared, though  the  renal  stone  shadow  was 
still  there.  Lotsy  compares  the  shadows  to 
those  shown  by  Carman  in  his  text  (2d  edition) 
in  Figures  355,  358,  359  and  361. 

Kleinberg,    S.     Periosteal    chondrosarcoma. 

Internal.  Clin.,  1923,  ii,  33d  series,  247. 

The  patient,  a  man  nineteen  years  old,  was 
well  until  he  suffered  slight  trauma  to  the  knee 
two  months  before  he  was  seen  by  Kleinberg 
on  December  9,  1922.  The  writer  therefore 
regards  the  sarcoma  as  due  to  the  trauma, 
which  consisted  of  striking  the  knee  against  a 
ladder.  As  this  injury  occurred  while  the  man 
was  at  work,  there  arises  the  question  of  com- 
pensability under  the  laws  of  New  ^  ork. 

A  small  shadow  of  bone  density,  shown  by 
oxygen  inflation  of  the  joint  to  be  continuous 
with  the  patella,  diverted  the  attention  of  the 
roentgenologist  and  all  the  examining  physi- 
cians away  from  the  area  of  density  in  the  head 
of  the  tibia  that  bespoke  the  tumor.  Kleinberg 
diagnosed  osteomyelitis  or  neoplasm  from  the 
films  the  patient  brought  with  him,  and  on 
December  12,  evacuated  a  deposit  of  gray 
friable  tissue,  underlaid  by  eroded  dense  bone, 
some  of  whicii  was  removed.  The  slides  of  the 
tissue,  which  was  very  cellular  with  but  little 
stroma,  were  examined  later  by  Dr.  James 
Ewing,  whose  diagnosis  was  periosteal  chondro- 
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sarcoma.  The  dense  shadow  in  the  patellar 
region,  out  of  the  tumor  zone,  was  found  due  to 
cartilage. 

A  mid-thigh  amputation  was  performed  on 
December  21,  1922,  and  as  late  as  July  14  of 
the  present  year  (personal  communication 
to  the  abstractor  from  Dr.  Kleinberg)  the 
patient  was  free  from  evidence  of  local  or 
metastatic  recurrence.  When  first  seen  he  was 
pale  and  thin.  He  now  weighs  several  pounds 
more  than  before  the  amputation,  and  appears 
to  be  entirely  well. 

ScHREUS.  Studies  on  static  electricity  of  the 
roentgen  tube.  Fortschr.  a.  d.  Geb.  d.  Ront- 
genstrahlen,  xxviii,  Hft.  2. 
Besides  the  gliding  sparks  which  pass  on  the 
outer  wall  of  the  tube  from  the  anticathode 
to  the  cathode,  there  are  the  cathode  neck- 
sparks,  which  originate  at  the  cathode  and 
terminate  in  the  insertion  of  the  cathode  neck 
at  the  tube-sphere.  These  sparks  give  a  strong 
light  and  are  accompanied  by  a  loud  crackling 
sound.  The  danger  of  penetration  may  be 
prevented  by  lengthening  the  cathode-neck. 
At  the  same  time,  the  author  carried  out 
investigations  concerning  the  distribution  of 
the  charge  in  the  tube  in  general.  For  details, 
the  reader  is  referred  to  the  original  article. 

Saberton.     Ante-operative  .v-ray  irradiation. 

Arch.  Radiol.  C"  Electroth.,  Aug.,  1922,  p.  91. 

In  discussing  a  paper  on  the  employment  of 
deep  radiotherapy  by  several  French  authors, 
Saberton  stated  that  the  time  has  not  yet  come 
when  we  can  feel  justified  in  advising  our 
patients  with  an  earlj'  operable  growth  to  have 
radiation  treatment  rather  than  operation. 
In  favor  of  ante-operative  radiation  we  have 
the  fact  that  the  patient  is  in  a  better  state  of 
health  to  stand  massive  dosage  than  would  be 
the  case  after  an  operation,  and  also  there  is 
less  risk  of  a  surgeon  spreading  active  cancer 
cells  about  the  body  by  the  surgical  trauma 
he  has  to  carry  out.  Against  ante-operative 
radiation  we  have  the  fact  that  a  patient  ought 
to  wait  for  four  to  six  weeks  after  a  massive 
radiation  before  an  operation  is  undertaken. 
In  many  cases,  both  ante  and  post,  radiation 
treatments  in  conjunction  with  burying  emana- 
tion needles  at  the  time  of  operation  will  have 
to  be  carried  out. 

The  question  of  dosage  and  the  advantages 
and  disadvantages  of  small  and  large  radiation 
fields  must  be  carefully  considered  in  each 
individual  case,  and  a  line  of  treatment  adopted 
to  suit  the  particular  case  we  have  in  hand. 
The  theory  of  an  antitoxin  being  formed  as  a 
result  of  nature's  efforts  to  cure  the  disease  is 
a  fascinating  one. 


HiRSCH.  Experiences  with  the  Loose  filter. 
Strahlentherapie,  xii,  560. 

Loose  attributes  his  unparalleled  success  to 
the  employment  of  a  crystal  filter  utilized  by 
him,  the  exact  composition  of  which  is  not 
stated.  Hirsch  w^orked  with  this  filter,  which,  in 
his  opinion,  corresponds  with  respect  to  its 
power  of  absorption  to  an  aluminum  filter  of 
about  6  mm.  thickness.  The  biological  effects, 
as  was  to  have  been  anticipated,  differed  in  no 
way  from  those  of  ordinarj'  filtration.  Sensitive 
tumors  subsided,  whereas  obstinate  tumors 
proved  refractory. 

Davis,  George  G.  Osteosclerosis  fragilis 
generalisata.  J.  Exper.  AL,  Mar.  i,  1923, 
xxxvii,  No.  3,  p.  449. 

Albers-Schonberg's  disease,  or  marble  bone, 
is  a  rare  condition  characterized  by  a  pathologi- 
cal fracture  following  a  rather  trivial  injury, 
the  fracture  occurring  as  the  result  of  a  rather 
obscure  bone  condition  termed  osteosclerosis 
fragilis  generalisata.  Only  9  other  cases  of  this 
disease  have  been  reported,  all  in  foreign 
literature. 

An  .x'-ray  summary  of  the  literature  is 
appended  to  the  report  of  the  case.  The  article 
constitutes  a  very  important  contribution  to 
roentgen  literature. 

KoTHEN.  The  measure  of  the  percentiige 
depth  dose  with  Kienboch  strips  after  the 
method  of  Baumeister.  Fortschr.  a.  d.  Geb.  d. 
Rontgenstrahlen,  xxviii,  Hft.  2. 

From  his  experiments,  the  author  draws  the 
conclusion  that  with  hard  rays,  such  as  are 
employed  for  the  treatment  of  carcinoma,  the 
Baumeister  procedure  is  insufficient  because 
it  leads  to  overdosage.  Also  in  the  scope  of 
softer  rays,  there  still  remains  the  difficulty 
of  accurate  registration,  so  that  this  procedure 
can  be  regarded  only  as  an  emergency  measure, 
until  tiie  iontoquantimeter  becomes  so  well 
equipped  that  it  can  serve  as  a  general  adjunct 
of  practical  roentgenology,  due  to  its  conven- 
ient manipulation  and  reasonaljle  price. 

PoRTMANN,  U.  V.     The  efficiency  of  radiation 

therapy.  J.  Lab.   C  Clin.  M.,  Aug.,    1923, 

viii,  716. 

The  author  concludes  that  in  order  to  obtain 
the  best  results  in  the  treatment  of  malignant 
diseases  by  radiation  the  physical  principles 
of  the  production  and  action  of  the  .x-rays 
and  of  radium  must  be  understood. 

It  is  usually  impossible  to  deliver  a.  thera- 
peutic dose  of  .v-ray  radiation  to  deeply  situated 
areas.  The  large  deep  doses  which  were  first 
reported  are  not  obtainable  under  present 
practical  working  conditions. 


1002 


Translations  and  Abstracts 


Radiation  by  cither  the  x-rays  or  radium 
alone  is  insufficient;  they  should  be  used  in 
proper  combination. 

The  danger  of  insufficient  radiation  is  as 
great  or  greater  than  that  of  overradiation ; 
the  desideratum  is  the  administration  of  the 
proper  dose  at  the  first  treatment. 

Druner,  L.  The  technique  of  fluoroscopy: 
description  of  a  new  appliance.  Deutsche 
Ztschr.  J.  Chir.,  July,  1921,  clxv,  275. 
Fluoroscopic  technique  is  threatened  with 
the  danger  of  becoming  dependent  upon  large, 
expensive,  stationary  apparatus,  which  inter- 
feres with  the  movements  of  the  surgeon,  and 
moreover,  does  not  entirely  meet  operative 
requirements.  Druner  describes  a  simple  appli- 
ance, manufactured  by  the  hospital  carpenters 
and  engineer,  destined  for  roentgenoscopic 
operations.  The  usefulness  of  this  appliance  is 
illustrated  by  four  case  histories.  The  outfit 
consists  of  three  small  exchangeable  tables, 
under  which  the  entire  roentgen  apparatus  is 
lodged.  The  sequence  of  the  tables  may  be 
changed  according  to  requirements,  i.  Board 
and  interruptor;  II.  Induction;  III.  Tube  on  a 
slide.  The  table  bearing  the  tube  is  always 
placed  under  that  portion  of  the  body  which 
is  to  be  operated  upon.  The  small  apparatus 
comes  from  the  factory  of  Siemens  and  Halske. 
Conduction  from  each  plug  with  6  ampere 
and  no  volt  continued  current.  The  essential 
feature  is  the  full  utilization  of  even  a  small 
outfit.  It  is  most  important  for  the  appliance 
to  permit  the  adjustment  of  all  positions 
which  are  indispensable  for  the  surgeon,  such  as 
the  breech  and  back  position,  the  breech-abdom- 
inal   position,    and    elevation    of  the   pelvis. 

HiRSCH,  Henri.  Concerning  roentgen  sick- 
ness and  roentgen  cachexia.  Deutsche  med. 
Wchnschr.,  Dec.  8,  1922,  p.  1646. 
The  author  points  out  that  the  so-called 
Roentgen  Kater  (x-ray  morning  after  sickness) 
and  roentgen  cachexia  are  manifestations  of  one 
identical  injury,  in  the  sense  that  a  reparable 
damage  of  the  endocrinic  apparatus  leads  to 
the  transitory  phenomena  of  x-ray  sickness, 
whereas  an  irreparable  damage  of  the  internal 
secretory  system  finds  its  expression  in  chronic 
cachectic  conditions.  Roentgen  "sickness"  is 
an  acute  manifestation,  which  originates  after 
the  application  of  definite  x-ray  doses,  in  excess 
of  a  certain  limit,  and  is  essentially  dependent 
in  its  degree  on  purely  individual  fluctuations 
corresponding  to  the  constitutional  diathesis 
of  the  radiated  individual.  This  acute  condition 
subsides  sooner  or  later,  according  to  the 
patient's  constitution,  l)ut  may  persist  up  to 
six  weeks  in  variable  intensity.  The  blood  pic- 
ture after  intensive  radiations  shows  at  first. 


a  slight  leucocytosis,  which,  later  on,  passes 
into  leucopenia;  the  lymphocytes  gradually 
increase  at  first  after  the  radiation  and  then 
diminish  very  considerably.  The  blood  picture 
gradually  recovers,  and  at  the  end  of  about 
four  to  six  weeks,  the  patient  presents  a  normal 
blood  formula,  besides  the  physical  recovery, 
in  favorable  cases.  Otherwise,  the  condition 
passes  into  the  picture  of  cachexia,  which  here 
must  be  referred  to  a  permanent  damage  of 
the  endocrinic  system  through  the  action  of 
the  roentgen  rays. 

Bartram,  Gerhard.  Localization  of  the  por- 
tio  vaginalis  in  gynecological  deep  therapy. 
Munchen.  med.  Wchnschr.,  Feb.  9,  1923, 
p.  178. 

For  the  accurate  localization  of  the  object 
of  radiation,  so  that  the  central  ray  may  reach 
its  middle — an  essential  requirement,  espe- 
cially in  the  radiation  of  malignant  tumors — 
the  author  has  constructed  a  simple  "directing 
circle,"  based  on  the  ordinary  circle  used  for 
pelvic  measurements.  This  small  instrument 
may  serve  for  the  determination  of  abdominal, 
dorsal,  and  also  vulvar  fields.  Although  it  is 
planned  primarily  as  an  adjuvant  in  the 
radiation  of  carcinoma  of  the  portio,  its  em- 
ployment permits  an  essentially  more  accurate 
dosage  also  in  radiations  of  the  uterine  fundus 
and  ovaries  than  is  possible  by  means  of  a 
mere  estimate  of  the  position  of  these  organs. 
Its  usefulness  in  carcinoma  of  the  rectum  is 
very  evident. 

MiNET,    H.     Calcified    hydatid    cysts    of  the 
kidney.  J.  d'urol.  med.  et  chir.,  12,  p.  13. 
Description  of  a  calcified  hj^datid  cyst,  which 
had  developed  in  the  lower  pole  of  a  calculous 
kidnej'.    The    roentgenogram    showed,     aside 
from  two  shadows  of  calculi,  a  large  rounded 
mottled    shadow    with    local    lighter     spots, 
corresponding  to  the  irregular  distribution  of 
the  calcium  deposits  within  the  cyst. 
Wetterer.     Roentgen  treatment  of  the  com- 
plications of  gonorrhea.  Strahlentherapie,  xii, 
469. 

In  numerous  complications  of  gonorrhea, 
Wetterer  had  very  excellent  results  with  .v-ray 
radiation.  In  gonococcal  arthritis,  the  radia- 
tions should  be  instituted  as  promptly  as 
possible.  Equally  good  results  were  obtained 
in  all  joints.  The  monoarticular  and  the  poly- 
articular cases  have  an  equally  favorable 
prognosis.  Cases  of  periostitis  are  also  well 
adapted  to  this  treatment,  especially  in  the 
early  edematous  stage.  There  was  no  failure 
among  75  cases  of  gonococcal  disease  ol  the 
organs  of  motion.  The  radiations  are  applied 
with  highly  filtered  rays.  The  dose  remains 
below   the   erythema   limit.   The   many   other 
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complications    of   gonorrhea,    in    which    good 
results  may  he  obtained  with  .\-rays,  are  of  less 
surgical  interest. 
KoNiG,    Fritz.     Operation    in    an    irradiated 

field.  Med.  Klin.,  192 1,  No.  43. 

The  author  has  noted  that  after  slight  and 
more  extensive  operations  in  regions  that  have 
been  previously  treated  with  the  roentgen 
rays,  the  wound  has  not  healed  normally; 
necrosis  has  occurred,  sometimes  even  suppu- 
rative breaking  down  of  tissue;  but  after  a 
period,  the  necrotic  material  was  cast  off  and 
normal  granulation  took  place.  The  author 
believes  that  after  intensive  roentgen  radiation 
there  is  a  latent  weakness  in  the  irradiated 
tissue,  varying  according  to  individual  predis- 
position, which  does  not  become  manifest 
unless  some  special  provocation,  such  as 
operation,  leads  to  necrosis. 

HoLZKNECHT.  Dosage  in  deep  roentgen  ther- 
apy from  the  biological  point  of  view. 
Vox  nied.,  1921,  iii.  No.  3. 
Where  it  is  necessary  to  destroy  tissues,  as 
in  carcinoma  and  most  malignant  tumors,  a 
single  large  dose  of  the  roentgen  rays  is  indi- 
cated. In  tuberculosis,  on  the  other  hand, 
experience  has  shown  that  repeated  small 
doses  are  more  effective.  It  is  not  necessary  to 
destroy,  but  rather  to  strengthen  the  resistance 
of  the  organism.  In  the  more  severe  types  of 
tuberculosis,  the  dosage  should  be  very 
carefully  adjusted.  In  irradiating  glands  with 
inner  secretions,  their  function  should  be 
disturbed  as  little  as  possible.  The  dosage 
should  be  carefully  adjusted  in  each  case  by 
beginning  with  small  and  medium  doses,  and 
observing  results. 

JiJNGLiNG,  Otto.  Roentgen  treatment  of 
surgical  tuberculosis.  Med.  Cor.-Bl.  d.  wilrt- 
temb.  iirtzl.  Landesier.,  xci,  Nos.  38  and  40. 
Roentgen  rays  are  not  a  specific  in  the 
treatment  of  tuberculosis.  They  do  not  directly 
injure  the  tubercle  bacilli,  nor  do  they  destroy 
the  tubercles.  The  epithelioid  cells  as  deriva- 
tives of  connective  tissue  are  very  resistant  to 
the  rays.  The  higher  doses  do  not  improve  the 
results;  on  the  contrary,  small  doses  (20  to  50 
per  cent  of  the  skin  erj'thema  dose)  are  more 
effective  than  larger  doses.  Apparently,  the 
rays  act  upon  the  lymphocytic  elements  of  the 
tubercle,  which  are  very  radiosensitive,  and 
are  destroj'ed  by  the  smallest  doses.  With 
tuberculous  lymph  glands,  roentgen-ray  treat- 
ment is  the  method  of  choice;  general  constitu- 
tional treatment  for  tuberculosis  should  be 
combined  with  the  local  treatment.  Results 
with  tuberculous  peritonitis  are  also  good. 
In  unilateral  tuberculosis  of  the  kidneys,  as 
well  as  in  unilateral  tuberculosis  of  the  epididy- 


mis, operation  is  indicated,  in  order  to  prevent 
the  spread  of  the  infection.  Postoperative  ure- 
teral fistulae  respond  readily  to  the  roentgen 
ray:  bladder  tuberculosis,  less  well.  In  bone 
and  joint  tuberculosis  all  sequestra  should 
be  surgically  removed.  Iselin  thinks  that  on 
technical  grounds,  greatly  enlarged  joints 
should  not  be  x-rayed;  the  author,  however, 
has  found  v-ray  treatments  suitable  in  certain 
cases  of  this  type. 

The  method  ensures  a  fairly  accurate  dosage, 
permits  the  working-out  of  the  optimum  dose 
and  a  comparison  between  the  results  of  differ- 
ent therapeutists,  and  prevents  late  roentgen 
injuries,  which  is  of  special  importance. 

Spinelli,   M.     Contribution  to  the  roentgen 

and    radium    treatment   of  uterine   cancer. 

Actinoterapia,  192 1,  ii.  No.  3. 

The  author  reports  early  results  in  radium- 

roentgen  treatment  of  uterine  cancer.  Clinical 

cure  was  obtained;  in  precancerous  stages  in 

100  per  cent  (18  cases),  in  corpus  carcinoma 

in  87  per  cent  (of  a  total  of  8  cases),  in  diffuse 

cervix  carcinoma  on  the  borderline  of  opera- 

bility  in  7$  per  cent  (of  9  cases),  in  operable 

carcinoma  or  recurrences  in  48  per  cent  (of  a 

total   of  56  cases).   Radium  treatment  alone 

was  used  in  the  precancerous  stage,  but  radium 

treatment  (4,000  to  10,000  mg.  hrs.)  combined 

with   intensive  roentgen-ray  treatment,  using 

seven  fields,  in  all  other  cases. 

Groedel.     Encapsulated  pleura  as  seen  roent- 

genologically.  Fortschr.  a.  d.  Geb.  d.  Rontgen- 

strablen,  xxviii.  No.  2. 

The  author  describes  the  roentgen-ray 
appearances  of  encj'sted  pleurisies,  which  vary 
according  to  their  site.  Case  reports  and 
roentgenograms  are  presented  with  the  pleural 
exudate  above  the  right  upper  lobe,  with 
interlobular  pleurisy,  traumatic  exudative  pleu- 
risy, locular  pleural  exudates,  and  exudative 
mediastinal  pleurisy,  and  the  difference 
between  these  conditions  and  other  similar 
pathological  conditions  is  illustrated  and 
explained  (abscesses,  echinococcus  cysts,  hema- 
toma, etc.)  Some  of  these  conditions  have 
not  been  demonstrated  elsewhere.  Early  roent- 
genological diagnosis  may  often  save  life. 
Hammer.  Roentgen  treatment  of  sclero- 
derma. Miinchen.  med.  Wcbnschr.,  1921,  No. 
35,  p.  1 109. 

The  author  has  observed  marked  improve- 
ment in  many  cases  of  scleroderma  after 
roentgen-ray  treatment  of  the  thyroid  and 
thymus.  This  was  especially  true  of  cases  with 
goiter  and  symptoms  of  thyrotoxicosis.  Tech- 
nique: 30-35  cm.  spark  distance,  170-180  kv., 
2  ma.,  heavy  metal  filters,  about  }>i,  skin  ery- 
thema dose,  every  two  to  four  weeks. 
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WiLLE,   O.     Tlie  value   of  the   tube   beneath 

the  table  in  deep  roentgen  therapj-.  Milncben. 

med.  Wchnscbr.,  1921,  p.  1254. 

For  the  treatment  of  large  fields,  the  author 
has  adjusted  a  tube  fixed  under  the  x-ray  table 
for  therapeutic  purposes.  In  this  way  two 
fields  can  be  treated  simultaneously.  With 
slender  Coolidge  tubes,  the  apparatus  is 
easy  to  adjust.  This  arrangement  is  of  special 
value  if  used  with  the  Dessauer-Warnekros 
apparatus.  The  entire  arrangement  is  shown 
in  an  illustration. 
RzEwuSKi.     Osmo     regulation     of     roentgen 

tubes.  Fortschr.  a.  d.  Geb.  d.  Rontgenstrahlen, 

xxviii,  No.  3. 

The  author  reports  on  his  experiments  with 
hardening  roentgcn-ray  tubes  that  are  too 
weak.  The  method  was  described  by  the  English 
writer  Kaye  as  early  as  1898.  If  the  regulating 
palladium  tube  is  heated  only  with  the  point, 
that  is,  the  oxidizing  portion  of  the  flame  to 
glowing  heat,  then  the  hydrogen  in  the  tube 
is  burned  and  the  tube  becomes  harder.  Heat- 
ing to  200°  is  sufficient.  The  author  treated 
over-regenerated  tubes  that  he  wished  to  save 
with  the  palladium  regulating  tubes. 
Ramond,  F.,  Jacquelin,  Ch.,  and  Borrien. 

Gastric  spasms.  Presse  med.,  July  20,   1921, 

Iviii. 

According  to  the  anatomical  conditions 
demonstrated,  there  are  three  types  of  gastric 
cramps — due  to  cardiospasm,  gastrospasm  (in- 
volving the  region  of  the  fundus)  and  pyloro- 
spasm.  The  Braun  or  Gubaroff  valve  which 
some  authors  believe  to  be  present  at  the 
cardia  as  a  cause  of  spasm  and  aerophagy  is 
found  only  very  rarely  at  autopsy.  On  the 
other  hand,  there  is  in  many  cases  a  mechani- 
cal cause  for  cardiospasm  in  that  the  abdomi- 
nal portion  of  the  esophagus  is  abnormally 
kinked.  The  functional  symptoms  of  cardio- 
spasm are  slight;  occasional  local  pain,  some- 
times a  painful  pressure  point  over  the 
ensiform  process,  a  feeling  of  fulness  after  eating, 
no  dysphagia.  The  roentgenogram  is  typical, 
showing  dilatation  of  the  esophagus,  and  a 
wide  bismuth  colunm,  broken  up  by  air  spaces 
which  pass  slowly  along  the  gastric  walls  in 
the  stomach,  although  the  pressure  of  the 
hypertrophied  esophageal  musculature  is  sufii- 
cient  to  push  this  column  forward  and  over- 
come the  obstruction  at  the  cardia. 

Gastrospasm,  which  is  usually  combined  with 
pylorospasm,  is  occasionally  observed  alone, 
chiefly  in  acute  gastritis,  also  in  ulcer  of  the 
lesser  curvature,  and  in  duodenal  ulcer,  in 
cholelithiasis,  renal  stone,  and  appendicitis, 
and  in  neuropaths.  Gastrospasm  alone  causes 
no   subjective  symptoms   and   is   shown   only 


by  roentgenological  examination  (increased 
peristalsis,  hour-glass  stomach).  On  the  other 
hand,  gastrospasm  combined  with  pylorospasm 
causes  symptoms  of  pylorospasm  and  pyloric 
stenosis,  cramp-like  pains,  feeling  of  fulness, 
regurgitation  of  air  and  food  contents,  excess 
or  absence  of  peristalsis,  so  that  the  stomach 
appears  fixed  "in  systole."  In  pylorospasm 
alone  the  subjective  and  objective  symptoms 
are  the  same.  In  the  roentgenological  examina- 
tion, the  bismuth  meal  has  a  soothing  efl'ect, 
and  hence  slight  spasms  are  often  not  visual- 
ized. The  roentgenogram  shows  that  only  a 
small  part  of  the  gastric  content  passes  into  the 
duodenum  and  there  remains  unchanged, 
although  the  stomach  may  show  peristalsis. 
Brugel's  symptom  is  also  evidence  of  pyloro- 
spasm. The  administration  of  suprarenin 
(0.5  gm.)  increased  the  spasm:  atropin  dimin- 
ishes it.  Therapeutically,  in  addition  to  the 
determination  of  the  underlying  cause  and  the 
corresponding  dietetic  treatment,  belladonna 
is  chiefly  indicated,  also  benzyl  benzoate, 
morphin  and  opium  are  less  valuable. 

Knox,  R.     Treatment  by  .v-ray  and  radium. 

Edinb.  M.  J.,  New  Ser.,  May,  1921,  xxvi.  No. 

5- 

In  roentgen  and  radium  therapy,  the  decisive 
factor  is  the  wave-length,  so  that  rays  of 
diflerent  wave-lengths  must  always  be  available 
for  the  various  requirements.  All  discussions  as 
to  the  greater  or  less  value  of  x-ray  as  compared 
to  radium  are  therefore  useless,  the  essential 
point  being  that  with  available  apparatus,  no 
short-wave  rays  can  be  produced,  correspond- 
ing to  the  gamma  rays  of  radium.  The  utiliza- 
tion of  radium  and  roentgen  apparatus  seems 
to  be  the  most  rational  procedure.  Superficial 
lesions  are  most  favorably  influenced,  and  there 
is  in  addition  the  advantage  of  direct  observa- 
tion. It  must  be  kept  in  mind,  however,  that 
certain  malignant  formations,  such  as  rodent 
ulcer  and  epitheliomata,  may  prove  rebellious 
against  all  radiation  therapy.  Overdosage  is 
cautioned  against  in  alopecia  areata,  w  here  the 
.r-rays  are  always  efficient.  In  rodent  ulcer,  the 
frequent  recurrences  after  simple  roentgen 
radiation  are  noteworthy,  whereas  radium 
radiation  yields  more  durable  cures.  In  lupus, 
radiation  with  radium,  roentgen  and  \iolet  rays 
is  justified,  but  special  precautions  are  needed 
on  account  of  the  damage  to  the  skin  due  to 
the  disease.  The  same  remark  is  true  for  acne, 
where  vaccination  and  medicinal  therap\-  may 
also  be  successfully  employed.  Hyperidrosis 
is  favorably  modified  by  .v-rays.  Blood  diseases 
associated  with  enlargement  of  the  spleen  are 
temporarily  impro\ed  by  .\-rays  in  the  same 
way  as  through  splenectomy,  which  likewise 
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yields  no  permanent  cures.  In  exophthalmic 
goiter,  long-continued  roentgen  radiation 
together  with  rest  and  medicinal  therapy  may 
be  equally  as  successful  as  operative  treatment. 
Inflamed  and  enlarged  glands  are  rapidly 
reduced  in  size  through  roentgen  radiation,  also 
lymphadenomata  and  sarcomatous  glands, 
although  recurrences  rapidly  occur  in  the  latter, 
which  finally  cease  to  react  to  the  radiation. 
Tuberculous  glands  diminish  slowly  in  size, 
and  rarely  disappear  entirely,  often  showing  a 
tendency  to  recurrence,  so  that  the  removal  of 
the  reduced  glands  is  recommended.  Carcin- 
omatous glands  are  hardly  affected  by  radiation 
as  a  rule.  Uterine  myomata  are  favorably 
influenced  in  a  general  way  with  respect  to 
reduction  in  size,  and  even  more  so  with  respect 
to  hemorrhage.  In  malignant  tumors,  prelim- 
inary radiation  before  the  operation  enters  into 
consideration;  furthermore,  postoperative  radi- 
ation, radiation  of  recurrences  and  raj"  treat- 
ment of  inoperable  cases.  Preliminary  radiation 
is  recommended  in  all  cases  when  the  operation 
is  not  essentially  delayed  by  the  radiation. 
Preceding  the  radical  operation  for  mammary 
cancer,  radiation  seems  to  be  especially  valu- 
able, as  the  lymph  glands  are  modified  by  the 
radiation,  and  epilation  of  the  axilla  is  pro- 
duced. Also  postoperative  radiation  enters 
primarily  into  consideration  for  mammary 
carcinomata.  Radiation  treatment  should  be 
instituted  promptly  and  carried  out  systemat- 
ically. The  same  is  true  for  recurrent  and 
inoperable  tumors,  in  which  the  collaboration 
of  the  practitioner,  the  surgeon  and  the  roent- 
genologist may  be  expected  to  furnish  good 
results. 

Glover,       Donald       M.     Osteopsathyrosis: 

Report  of  a  case.  Arch.  Surg.,  Nov.,  1922, 

V,  464. 

The  author  reports  a  new  case  of  osteop- 
sathyrosis with  roentgenograms  of  1 1  different 
fractures  in  the  same  patient  occurring  between 
the  age  of  nine  months  and  his  death  at  seven 
and  a  half  years.  A  brief  summary  of  the  litera- 
ture is  recorded.  Excellent  roentgenograms 
accompany  the  article,  which  discusses  not 
only  the  history  of  this  patient  but  also  ter- 
minology, classification  of  cases,  etiology  and 
pathology.  As  to  symptomatology,  there  are 
no  constant  symptoms  other  than  the  tendency 
toward  frequent  fractures.  In  some  of  the 
earlier  cases  the  appearance  of  the  patients 
conforms  more  or  less  to  type.  They  have  a 
relatively  large  head,  small  chest  and  a  protu- 
berant abdomen.  The  later  cases,  however,  may 
show  no  recognizable  peculiarities  of  form. 

The  roentgen-ray  findings  have  been 
summed  up  by  Locke  as  follows: 


"(i)  A  high  degree  of  osteoporosis  uniformly 
affected  the  entire  skeleton,  the  variations  in 
density  gi\ing  a  mottled  appearance;  (2) 
marked  deformities  of  the  long  bones  of  the 
extremities,  usually  of  the  angular  type,  due  to 
fractures,  rarely  also  some  actual  bowing;  (3) 
apparently  normal  size  and  shape  of  bones, 
except  as  altered  by  fractures  and  resulting 
callous  formation;  (4)  often  excess  callous 
formation  with  variable  degree  of  calcification. 
A  transverse  line  of  decalcification  is  often  seen 
at  the  point  of  previous  fracture;  (5)  the 
epiphyseal  line  is  straight,  cartilage  is  always 
thin;  (6)  a  very  faint  shadow  is  given  by  all  the 
bones,  frequently  scarcely  more  dense  than 
that  of  the  surrounding  soft  parts;  (7)  the 
cortex  is  thin,  irregular  and  deficient  in  salts; 
(8)  the  spongiosa  of  both  epiphysis  and  diaphy- 
sis  is  extremely  faint  with  entire  absence  of 
normal  markings;  (9)  the  medullary  cavity  is 
very  irregular  in  outline  and  dilated."  These 
changes  are  considerably  less  marked  in  some 
of  the  milder  cases,  such  as  the  one  described 
in  this  article. 

Metabolism  studies  have  suggested  that 
calcium  metabolism  may  have  some  bearing  on 
this  type  of  bone  fragility  as  well  as  on  the 
deformities  of  rickets. 

The  outlook  in  cases  of  osteopsathyrosis  is 
poor,  in  spite  of  the  fact  that  a  few  patients 
have  grown  to  adult  life,  apparently  overcom- 
ing the  bone  fragility  from  which  they  suffered 
in  earlier  years.  Most  of  the  patients  that  sur- 
vive are  deformed  by  earlier  fractures.  Few 
fractures  occur  after  the  patient  is  in  the  early 
twenties,  and  after  that  time  the  prognosis  is 
fairly  good.  Below  that  age,  however,  the 
mortality  is  high.  The  mortality  is  almost  100 
per  cent  in  the  fetal  type,  the  majority  dying  in 
utero. 

The  diagnosis  is  usually  perfectly  clear, 
because  there  is  no  other  congenital  disease  in 
which  multiple  fractures  occur.  Rickets  and 
syphilis  occasionally  cause  fractures  in  young 
children;  but  rarely  more  than  two  or  three 
fractures  occur  in  the  same  person  as  a  result  of 
these  affections. 

Weis,  Howard  A.  A  contribution  to  the 
study  of  the  eifects  of  radium  upon  rabbit 
ovaries.  Surg.,  Gynec,  &  Obst.,  Mar.,  1923, 
xxxvi,  373. 

In  the  experimental  work  the  dosage  of 
radium  used  was  always  600  mgm.  hours,  that 
dosage  being  selected  because  it  is  conceded 
by  most  authorities  that  600  mgm.  hours  of 
radium  applied  intrauterinely  will  be  usually 
sufTicient  to  produce  an  amenorrhea  for 
several  months,  and  sometimes  permanently; 
the  generally  accepted  theory  being  that  this 
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result  is  due  to  the  fact  that  the  radium  rays 
destroy  all  the  maturing  follicles  most  advanced 
in  development,  the  return  of  menstruation 
occurring  because  the  more  immature  follicles 
had  not  been  destroyed.  When  these  matured, 
menstruation  resulted.  But  this  explanation 
is  contrary  to  the  biological  law  which  states 
that  the  less  mature  the  cell,  the  greater  its 
susceptibility  to  disintegrating  influences. 

For  most  of  the  exposures  50  mgm.  of  radium 
was  employed  in  the  form  of  radium  barium 
sulphate  in  two  25-mgm.  tubes,  filtered  with  a 
glass,  a  silver  and  a  brass  screen,  and  this 
inserted  in  a  rubber  tube  of  i  mm.  thickness. 
The  tubes  were  then  fastened  to  a  lead  frame 
by  adhesive,  and  this  fastened  by  adhesive  and 
a  wide  gauze  bandage,  as  nearly  over  the 
rabbit's  ovary  as  could  be  determined.  The  dose 
was  600  mgm.  hours. 

The  complete  details  of  the  treatment  are 
given  in  the  body  of  the  article.  The  author 
found  that  in  none  of  the  ovaries  was  there  any 
change  in  the  single  row  of  germinal  epithelium 
after  exposure  to  radium  and  no  evidence  of 
any  obliterative  endarteritis.  Six  ovaries 
showed  little  or  no  change  evident  in  the  con- 
nective tissue  cortex;  but  ten  others  showed  an 
increase  in  the  number  of  cells  in  this  area,  and 
four  showed  a  definite  widening  of  this  zone. 
Certainly  the  author  found  that  the  young 
and  early  maturing  ova  had  not  been  damaged. 
Thus  the  author  did  not  feel  justified  in  con- 
cluding that  600  mgm.  hours  of  radium  had  any 
ultimate  detrimental  effect  upon  rabbit  ovaries. 

The  author  ventures  the  opinion  that  when 
radium  is  given  intrauterinely  for  a  case  of 
menorrhagia,  for  example,  the  resulting  amen- 
orrhea is  not  due  to  the  effect  of  the  radium 
upon  the  ovarian  follicles,  but  to  the  effect  upon 
the  endometrium  which  receives  a  severe 
burn  from  the  radium.  If  the  burn  be  extensive 
enough  a  permanent  amenorrhea  results;  and 
if  not  so  severe,  the  amenorrhea  persists  for 
only  a  few  months. 

The  above  views  constitute  a  definite 
departure  from  the  accepted  theories  of  the 
effect  of  radium. 

Schmidt,  Ernst  Albert.  Experimental  and 
histological  investigations  concerning  the 
effect  of  roentgen  raj's  upon  the  staining 
properties  of  tissue.  Strahlentherapie,  xii, 
517. 

Radiated  and  unradiated  mice  were  stained 
with  trypan-blue  while  living;  two  days  after 
the  last  injection,  one  stained  animal  and  one 
control  animal  were  killed.  Microscopic  ex- 
aminations were  made  of  the  skin,  mucosa, 
liver,  spleen,  testicles  or  ovaries,  respectively, 
heart   and    muscles,  brain,  bone-marrow  and 


blood.  The  radiated  animals  took  the  blue 
stain  more  rapidly  and  intensively.  The 
organs  were  stained  to  a  very  variable  degree 
of  intensity.  Details  concerning  the  findings 
in  the  organs  must  be  looked  up  in  the  original. 
The  staining  was  expressed  as  a  granular 
staining  and  as  diffuse  protoplasmic  staining. 
The  various  organs  showed  differences  with 
respect  to  the  intensity  of  the  coloration,  with 
respect  to  the  intracellular  distribution  of  the 
pigment  and  with  respect  to  the  distribution 
of  the  color  among  the  individual  kinds  of 
cells.  In  a  series  of  experiments,  a  different 
behavior  with  respect  to  the  above-mentioned 
points  was  noted  in  radiated  as  compared  with 
unradiated  animals,  without  its  being  possible 
to  establish  any  deviation  from  the  normal 
standard  anatomo-histologically,  by  means  of 
the  customary  post-mortem  staining  methods. 
The  different  behavior  is  regarded  by  the 
author  as  a  change  of  cellular  function,  the 
various  modifications  being  interpreted  by 
him  as  follows:  Increased  accumulation  of 
pigments  in  the  form  of  granules  is  considered 
as  an  increased  function;  diffuse  coloration 
of  the  protoplasm,  as  a  slight  damage;  nuclear 
staining  as  a  post-mortem  phenomenon  and  as 
the  expression  of  a  grave  cellular  lesion.  In 
view  of  the  fact  that  all  these  differences  in 
staining  take  place  in  the  connective  tissue, 
this  must  be  considered  to  play  an  important 
part  in  the  action  of  the  rays.  Vital  staining, 
according  to  these  findings,  appears  to  be  a 
valuable  adjuvant,  for  the  representation  of 
slight  cellular  changes  of  functional  character. 

VooRHOEVE,  N.  The  roentgenologic  symptom- 
complex  of  horseshoe  kidney.  Fortscbr.  a.  d. 
Geb.  d.  Roentgenslrahlen,  1923,  xxx,  201. 
In  the  Nederl.  Tijdschr.  v.  Geneesk.,  1916,  ii, 
1250,  Voorhoeve  has  told  how  he  diagnosed 
horseshoe  kidney  in  a  patient  seen  in  Amster- 
dam in  191 5.  In  19 19  he  saw  a  second  patient 
in  whom  he  succeeded  in  making  this  diagnosis. 
Both  patients  came  to  operation  for  removal 
of  a  demonstrated  stone.  In  the  first  case  the 
connecting  bridge  had  not  been  visualized,  and 
operation  showed  it  to  be  a  narrow  fibrous 
strand.  In  the  second  case  it  was  partially 
visualized,  and  operation  showed  it  to  be 
large  and  thick. 

The  diagnosis  therefore  depends  not  neces- 
sarily upon  visualization  of  the  bridge,  but  on 
alterations  of  position  and  mobility  of  the 
kidneys  clue  to  its  presence:  (i)  The  median 
border  of  the  kidneys  parallels  the  vertebral 
column,  or  makes  a  much  diminished  angle 
with  it,  and  (2)  is  closer  to  it  than  normally. 
(3)  There  is  bilateral  renal  ptosis,  which  may 
be  verj'   marked.    (4)   The   kidneys   make  no 
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lateral  excursion  on  respiration.  In  the  author's 
first  case,  the  vertical  mobility  was  preserved, 
but  this  is  not  usual.  (5)  The  lower  pole  can  be 
demonstrated  as  ventral  to  the  vertebral 
column.  For  this,  the  comparison  of  paired 
exposures  in  the  ventrodorsal  and  the  dorso- 
ventral  positions  is  of  value. 

In  the  absence  of  vertical  mobility,  not  even 
the  added  aid  of  pyelography  will  always 
differentiate  from  a  pair  of  congenitally 
dystopic  kidneys  that  adhere  to  their  sur- 
roundings. However,  an  equality  of  the  ptosis 
makes  horseshoe  kidney  the  more  probable. 

The  author  refers  to  reports  of  a  case  of 
Quartero's  and  one  of  van  Hasselt's  in  which 
his  method  established  the  diagnosis,  and  to  a 
report  by  de  Groot  of  the  agreement  of  findings 
in  the  examination  of  a  patient  in  whom  opera- 
tion had  already  demonstrated  the  presence 
of  a  horseshoe  kidnej'.  He  emphasizes  that  the 
method  will  diagnose  the  condition  even  when 
it  has  not  been  suspected. 

LeWald,  Leon  T.  The  relation  of  the  heart, 
pericardium  and  the  heart  valves  to  the 
anterior  chest  wall.  Arch.  Surg.,  Jan.,  1923, 
vi,  89. 

The  author  calls  attention  to  the  inaccurate 
older  methods  of  locating  the  valves  of  the 
heart    by    dissection,    and    then    describes    a 


Outline  drawing  of  teleoroentgenogram  and  stereoscopic 
roentgenograms.  The  position  of  the  valves  T  (tri- 
cuspic),  M  (mitral)  and  P  (pulmonary)  may  be 
noted.  The  aortic  valve  is  indicated  by  the  beginning 
of  the  aorta. 

method  of  localization  by  means  of  teleo- 
roentgenography  in  a  cadaver  in  which  wires 
had  been  placed  in  the  valve  orifices  by  Dr. 
H.  D.  Senior,  Professor  of  Anatomy  at  Bellevue 
Medical  College. 

The  frozen  thorax  was  cut  accurately,  by 
means  of  a  band  saw,  in  the  frontal  plane  so  as 


to  open  both  auricles  from  behind,  without 
interfering  with  the  contour  of  the  heart.  In 
the  intact  interior  portion  of  the  thorax,  the 
mitral  and  tricuspid  valves  were  readily  acces- 
sible. Wires  were  bent  so  as  to  fit  accurately  the 
groove  corresponding  to  the  attachment  of  the 
valves  to  the  heart  wall.  The  wires  were  placed 
in  position  from  the  auricle,  and  in  the  case  of 
the  tricuspid  valve,  fixed  by  means  of  two 
sutures.  The  cusps  of  both  auriculoventricular 
valves  were  found  to  be  in  apposition.  The 
interior  of  the  aorta  was  reached  through  the 
anterior  wall  of  the  left  auricle.  The  region  of 
the  pulmonary  valve  was  made  accessible  by 
removing  the  remainder  of  the  left  lung  and 
cutting  the  artery  longitudinally  from  the 
left  side.  Wires  were  shaped  to  fit  the  aortic 
and  pulmonary  orifices  and  placed  so  that  they 
were  in  contact  with  the  deepest  part  of  each 
of  the  semilunar  valve  cusps,  which  provided 
excellent  guides  in  placing  the  wires.  After 
placing  the  pulmonary  ring,  the  cut  edges  of 
the  vessel  came  into  position.  The  accuracy  of 
the  position  of  the  wires  was  verified  after 
roentgenograms  had  been  taken. 

The  apex  is  in  the  fifth  intercostal  space,  from 
7.5  to  8  cm.  (3  to  33^^  in.)  from  the  median  line. 
The  base  corresponds  to  an  imaginary  line 
drawn  from  a  point  i  cm.  (^5  in.)  below  the 
second  left  chondrosternal  articulation,  and 
3  cm.  (i}-5  in.)  from  the  median  line  to  another 
point  the  same  distance  from  the  median  line, 
I  cm.  above  the  right  chondrosternal  articula- 
tion. The  margo  acutus,  or  lower  border,  corre- 
sponds to  a  line  drawn  from  the  apex  through 
the  xiphisternal  articulation  to  a  point  on  the 
skth  costal  cartilage,  2  cm.  to  the  right  of  the 
median  line.  The  right  border  of  the  heart  may 
be  indicated  approximately  by  an  imaginary 
line  (slightly  convex  to  right),  joining  the  right 
ends  of  the  first  and  second  lines.  The  left 
border  corresponds  to  a  line  (slightly  convex 
to  left)  joining  the  left  end  of  the  first  line  to 
the  apex. 

If  a  line  is  drawn  from  the  upper  margin  of 
the  left  third  chondrosternal  articulation 
to  the  right  edge  of  the  sternum  in  the  fifth 
intercostal  space,  the  upper  end  of  the  line  will 
lie  over  the  center  of  the  pulmonary  orifice, 
and  the  lower  two  thirds  of  it  (approxirnately) 
will  overlie  the  main  axis  of  the  tricuspid 
orifice.  The  aortic  orifice  is  immediately  to  the 
left  of  the  above  line,  with  its  center  at  the 
left  edge  of  the  sternum,  opposite  the  third 
space.  The  mitral  orifice  is  very  largely  behind 
the  third  left  interspace;  its  upper  end  is 
behind  the  third  cartilage,  its  lower  eiid 
behind  the  left  margin  of  the  sternum,  opposite 
the  fourth  cartilage  and  space. 
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LeWald,  Leon  T.,  and  Green,  Nathan  W. 
The  difFerential  diagnosis  between  tuber- 
culosis and  lung  abscess.  Arch.  Surg.,  Jan., 
1923,  vi,  303. 

The  authors  record  a  group  of  8  cases  of 
abscess  of  the  lung  successfully  operated  upon. 
The  cases  are  classified  as  follows:  (i)  bron- 
chiectasis; (2)  bronchiectatic  abscess;  (3)  sup- 
purative pneumonitis;  (4)  extrabronchial 
abscess. 

Several  of  the  cases  had  histories  which  had 
led  to  an  erroneous  presumption  of  pul- 
monary tuberculosis,  largely  because  of  the 
presence  of  blood  in  the  sputum,  persistent 
cough  and  loss  of  weight.  The  authors 
call  attention  to  the  accuracy  of  the  roent- 
genographic  diagnosis  of  abscess  of  the  lung 
and  its  differentiation  from  tuberculosis  when 
properly  interpreted.  The  attention  is  also 
called  to  the  fact  that  the  sputum  does  not 
always  have  a  fetid  odor  in  abscess  of  the 
hmg.  Clubbing  of  the  fingers  is  one  of  the  most 
definite  appearances.  Repeated  negative  exami- 
nation of  the  sputum  for  tubercle  bacilli  con- 
firmed the  diagnosis  of  lung  abscess,  in  spite 
of  the  fact  that  three  of  the  cases  had  been 
referred  from  tuberculosis  clinics.  The  origin 
of  the  abscess  in  each  case  was  of  postpneu- 
monic or  postoperative  nature;  two  cases 
followed  tonsillectomy  and  one  followed  an 
operation  on  the  gall-bladder. 

Kaess,  F.  W.  Temporary  sterilization  of  the 
parotid  by  .\-rays  in  the  treatment  of 
salivary  fistulae.  Zentralhl.  f.  Chir.,  Jan. 
6  and  Apr.  21,  1923,  pp.  14  and  641. 
Parotid  fistulae  have  occurred  frequently 
since  the  World  War,  as  a  result  of  war  wounds. 
Surgical  treatment  of  these  fistulae  has  not 
proved  very  satisfactory.  Kaess  reports  2 
cases  treated  with  x-rays.  In  the  first  case, 
bilateral  parotid  fistulae  resulted  from  a  gun- 
shot wound;  the  fistula  on  the  left  side  was 
cured  by  operation.  Operation  on  the  right 
side,  however,  was  not  successful,  and  saliva 
continued  to  flow  out  of  the  fistulous  opening. 
One  treatment  with  .v-rays  was  given  with  the 
following  dosage:  120  F.,  24  cm.  skin  target 
distance  and  3  mm.  aluminum  filter.  Within 
a  few  days  all  flow  of  saliva  had  ceased,  and 
in  a  month  the  fistula  was  entirely  closed.  In 
the  second  case,  there  was  a  parotid  fistula  on 
the  left  side  due  to  an  injury  to  the  face  from 
a  shell  splinter.  The  wound  had  healed  except 
lor  the  fistula,  from  which  there  was  a  con- 
stant flow  of  saliva  that  had  caused  eczema  of 
the  cheek.  This  case  had  been  treated  by 
Leriche's  method  of  division  of  the  auriculo- 
temporal nerve;  this  had  resulted  in  temporary 
diminution  of  the  flow  of  saliva,  which  had. 


however,  increased  again.  A  single  treatment 
with  the  .v-rays  was  given  with  a  higher  dosage 
than  in  the  previous  case,  150  F.,  25  cm.  skin 
target  distance  and  3  mm.  aluminum  filter. 
The  flow  of  saliva  ceased  in  a  week  and  the 
fistula  closed  in  two  weeks.  A  month  after 
treatment,  the  patient  reported  that  the 
eczema  was  entirely  healed,  and  he  no  longer 
suffered  from  dryness  of  the  mouth,  w  hich  had 
been  constant  previous  to  the  closing  of  the 
fistula. 

This  method  of  treating  parotid  fistulae  has 
been  very  little  used;  the  author  finds  only  one 
previous  reference  to  it  in  the  available  liter- 
ature. He  recommends  it,  however,  not  merely 
in  the  more  persistent  types  of  fistulae,  but  also 
as  an  adjuvant  to  any  operative  treatment, 
especially  as  it  is  simple  and  conservative. 

Kaess  notes  that  since  his  report,  Fraenkel 
of  Charlottenberg  has  told  him  that  he  (Fraen- 
kel) discussed  the  roentgen-ray  treatment  of 
parotid  fistulae  to  diminish  the  secretion,  and 
thus  aid  the  healing  of  the  fistula,  in  his 
treatises  on  "Roentgen-ray  treatment  of  war 
wounds"  (Strablentherapie,  1916,  vii),  and 
"Treatment  of  severe  fractures  with  stimula- 
tive roentgen-rav  doses"  {Med.  Kim.,  1915, 
No.  8). 

ScHAEDEL,  H.  Radiation  as  an  aid  in  the 
operati\e  treatment  of  parotid  fistula. 
Zenlralbl.  J.  Chir.,  Apr.  21,  1923,  p.  640. 

Schaedel  reports  one  case  of  parotid  fistula 
on  the  right  side,  resulting  from  a  war  wound; 
the  flow  of  saliva  was  always  increased  when 
the  patient  was  eating.  Operative  treatment  had 
not  been  successful.  The  fistula  was  entirely 
healed  by  a  roentgen-ray  treatment  w  ith  25  cm. 
skin  target  distance;  160  kv.,  2  ma.,  0.5  zinc, 
i.o  aluminum  filter.  A  year  later,  it  could  be 
demonstrated  that  the  right  parotid  gland 
was  functioning. 

NoRDENTOFT,  Severin.  New  points  in  the 
treatment   of  uterine   cancer  with   radium. 

Ugesk.  J.  Laeger,  1921,  Ixxxiii,  75. 

The  author  in  a  lecture  discusses  modern 
viewpoints  for  the  radiation  of  cancer  of  the 
uterus.  Radium  rays  are  preferable  to  the 
v-rays  (investigations  of  Aurich  in  Vienna). 
Radium  capsule,  for  the  protection  of  rectum 
and  bladder;  -  mm.  gold  filter,  in  front  and 
behind.  Butterfly  shape  of  area  for  transverse 
incision.  In  order  to  avoid  a  rotation  of  the 
capsule,  Nordentoft  employs  elliptic  capsules. 
Radiation  (once)  for  twenty-two  and  one-half 
hours.  Fifty  milligrams  radium,  respectively, 
is  inserted  into  the  cervix,  and  through  incision 
internally  at  the  tul)crosity  of  the  ischium 
tt)wards  the  obturator  foramen. 
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Schweitzer.  Life  expectancy  alter  radio- 
active treatment  of  carcinoma  of  the  cervix. 
Strahlentherapie,  xii,  p.  501. 
Inoperable  carcinomata :  32  per  cent  primary 
cases.  Operable  carcinomata:  '^j  per  cent 
primary  cases.  In  tiie  inoperable  cases,  4.9 
per  cent  permanent  cures  were  obtained. 
For  the  operable  cases,  the  permanent  cures 
(six  to  seven  years)  amounted  to  25  per  cent. 
The  author  recommends  operation  followed  by 
combined  radium  and  .\-ray  treatment.  In 
cases  which  have  not  been  radically  operated 
upon,  supplementary  after-radiation  is  still 
fairly  promising.  So-called  "preparatory" 
radiations  before  the  operation  are  cautioned 
against,  on  account  of  the  danger  of  damage 
to  the  tissues. 

Lahmann.  Combined  roentgen  and  sunshine 
treatment  of  granuloma.  Aliincben.  med. 
Wchnschr.,  1921,  p.  1249. 
In  a  case  of  rapidly  growing  malignant  lymph 
granuloma,  roentgen-ray  treatment  alone  had 
no  therapeutic  effect.  On  the  contrary,  the 
blood  picture  and  the  clinical  condition  were 
worse  after  each  radiation.  After  the  institution 
of  intensive  light  treatment,  with  sunlight  or 
the  Alpine  light,  the  blood  picture,  the  patient's 
general  condition  and  the  reaction  of  the  roent- 
gen rays  were  all  improved.  The  tumors  were 
rapidly  reduced  in  size  during  a  febrile  reaction, 
so  that  after  a  four  months'  treatment,  the 
patient  seemed  entirely  normal.  Since  there 
has  been  no  recurrence  in  two  years,  this  case 
may  be  regarded  as  probably  cured. 

Rydgaard,  Frode.  Vaquez'  disease  cured  by 
x-ray  treatment.  Hospitalstidende,  1921,  Ixiv, 
Nos.  24  and  25.  ^i 

Report  of  a  case  of  polyglobulia  megalo- 
splenica (Vaquez'  disease)  in  a  woman  of  thirty- 
seven  years,  cured  by  .v-ray  irradiation.  The 
author  considers  splenectomy  as  contraindi- 
cated  in  Vaquez'  polyglobulia  without  complica- 
tions. When  radiation  of  the  spleen  alone  is 
not  sufficient,  it  may  be  combined  with  radia- 
tion of  the  long  shaft  bones. 

Weil.  A  rare  roentgen  finding  in  a  child's 
femur.  Fortschr.  a.  d.  Geb.  d.  Rontgenstrablen, 
xxviii,  No.  2. 

The  author  reports  a  type  of  ossification 
process  in  the  head  of  the  femur,  apparently 
never  described  previously:  "Above  the  un- 
changed epiphyseal  line  there  was  a  relatively 
small  nucleus  of  the  femur  head  with  good  body 
structure  and  normal  calcium  content.  This 
nuclear  mass  is  surrounded  by  a  crescent- 
shaped  area  deficient  in  calcium,  which 
toward    the    joint   showed   a    transition   to   a 


similar  crescent-shaped  ring  with  normal 
calcium  content.  This  process  was  the  same  on 
both  sides,  and  in  new  roentgenograms,  half  a 
year  later,  showed  no  change." 

Sgalitzer,   i\I.     Roentgen  diagnosis  of  renal 
calculi.  Arcbiv.  J.  klin.  Cbir.,  1921,  cxvi,  231. 

The  article  is  based  on  clinical  material  of 
the  Eiselsberg  Clinic.  The  ventrodorsal  roent- 
gen-ray examination  if  used  alone  is  insuffi- 
cient for  the  demonstration  of  kidney  calculi, 
except  in  the  typical  cases  in  which  the  stone 
represents  the  effusion  of  the  kidney  pelvis  and 
calyx,  since  there  is  a  possibility  of  confusion 
with  opaque  formations  of  other  organs.  For 
proper  orientation,  also,  lateral  roentgenograms 
are  necessary.  In  a  directly  lateral  roentgeno- 
gram, concretions  in  a  normally  situated  kidney 
are  concealed  by  the  anterior  part  of  the  body 
of  the  twelfth  dorsal  or  the  first  to  second 
lumbar  vertebrae,  or  even  by  the  upper  part 
of  the  third  lumbar  vertebra.  In  a  frontal 
roentgenogram,  renal  calculi  which  project 
over  on  the  normal  kidney  shadow  in  the 
ventrodorsal  roentgenogram  are  clearly  dis- 
tinguished from  other  opaque  shadows.  Calculi 
in  a  ptosed  kidney  which  does  not  return  to 
its  normal  position  with  the  patient  lying 
down,  are  projected  in  a  frontal  roentgenogram 
directly  in  front  of  the  ventral  surface  of  the 
last  lumbar  vertebra.  The  simultaneous  absence 
of  the  kidney  shadow  and  the  demonstration  of 
kidney  stone  close  to  the  lowest  lumbar  verte- 
bra in  the  ventrodorsal  roentgenogram,  and  of 
the  stone  directly  in  front  of  the  anterior  surface 
of  the  same  vertebra  in  the  frontal  roentgeno- 
gram, indicate  the  presence  of  horse-shoe 
kidney  with  stone.  The  use  of  the  two  plates  in 
the  diagnosis  of  renal  stone  gives  very  definite 
information  in  regard  to  the  number,  position 
and  shape  of  the  calculi.  The  ureter  filled  with 
a  contrast  material  can  be  demonstrated  along 
its  entire  length  in  the  direct  frontal  as  well 
as  in  the  oblique  roentgenogram,  and  this  makes 
it  possible  to  visualize  all  the  anomalies  in  its 
course,  which  is  important  not  only  in  diagnosis 
but  also  as  a  guide  to  surgical  treatment. 
Ureteral  stone  situated  in  the  part  of  the  ureter 
above  the  pelvic  bones  can  be  demonstrated 
in  a  lateral  roentgenogram. 

Haupt  and  Pinoff.  The  value  of  long-dis- 
tance irradiation  in  deep  therapy.  Deutscbe 
med.  Wchnschr.,  1921,  No.  15. 

The  deep  dosage  is  not  improved  by  an 
increased  distance  between  focus  and  skin,  or 
by  a  large  tube.  Physical  and  physiological 
(chemical-biological)  problems  are  here  in- 
volved together. 
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Falta  and  Hogler.  Radium  therapy  as  a 
treatment  method  in  internal  medicine. 
Strahlentherapie,  xii,  217. 
Rather  remarkable  results  in  erythrocythe- 
mia  after  radiation  of  the  spleen  and  the  bones 
are  described.  The  radiation  areas  are  divided 
into  fields.  The  small  tubes  are  allowed  to 
remain  on  the  individual  fields  from  two  to 
eighteen  hours.  Lymphogranulations  and 
lymphosarcoma,  as  well  as  tuberculous  lymph- 
omas were  greatly  benefited.  A  bone  sarcoma 
at  the  occiput  was  made  to  disappear  entirely 
(histological  examination);  bursitis  subsided, 
the  pains  were  relieved;  one  case  of  trigeminal 
neuralgia  was  freed  from  pains.  Of  9  cases  of 
peritoneal  tuberculosis,  radiated  with  radium, 
6  purely  serous  cases  healed  smoothly;  the 
nodular  forms  failed  to  react.  Investigations 
on  the  action  of  radium  in  exophthalmic 
goiter  are  not  yet  concluded.  In  one  case,  the 
circumference  of  the  neck  diminished  6  cm. 
within  three  weeks,  the  pulse  diminishing  from 
130  to  140  to  80  to  90.  The  domain  of  indica- 
tions for  radium  treatment  cannot  yet  be  out- 
lined. The  question  arises:  Can  cases  refrac- 
tory to  the  -v-rays,  or  those  cases  which  have 
become  refractory  through  frequent  x-ray 
radiation,  be  influenced  by  radium?  It  seems 
noteworthy  that  the  phenomena  of  "after 
sickness"  (the  so-called  "Roentgen-Kater"  of 
the  Germans)  practically  never  occurred  under 
radium  treatment. 

David,  O.,  and  Hirsch,  Arnold.  Experi- 
mental studies  on  the  adrenalin  content  of 
the  suprarenals  following  roentgen  irradia- 
tion. Klin.-lberap.  Wcbnschr.,  April  23,  1923, 
p.  790. 

Many  authors  claim  that  it  is  possible  to 
exert  an  inhibitory  or  stimulative  action  on 
the  growth  and  formation  of  vegetable  as  well 
as  animal  cells,  by  means  of  roentgen  radiation. 
It  is  of  special  interest  to  observe  such  effects 
of  radiation  upon  the  internally  secreting 
glands.  The  suprarenals  here  rank  among  the 
first  objects  of  experimentation,  being  espe- 
cially suitable  for  this  inquiry.  The  results 
of  the  experiments  are  divided  principally  into 
four  groups:  The  first  group  of  observers  noted 
roentgen  lesions  of  the  suprarenal  parenchyma ; 
the  second  group  believed  they  saw  a  distinct 
lowering  of  the  blood  picture  after  radiation 
of  the  suprarenals  in  hypertonic  conditions; 
the  third  group  was  unable  in  variable  observa- 
tions to  establish  an  arbitrary  and  absolutely 
reliable  intlucnce  upon  the  blood  pressure; 
whereas  the  fourth  group  found  the  sugar 
metabolism  to  be  modiiicd  througii  radiation 
of  the  suprarenals.  The  literature  accordingly, 
furnishes  no  unanimous  views  as  to  tiic  possi- 


bility of  roentgen  stimulation  of  the  supra- 
renals. This  is  explained  by  the  fact  that  differ- 
ent results  were  invariably  obtained  with  dif- 
ferent doses,  especially  as  there  was  no  reliable 
index  for  estimating  the  suprarenal  function, 
the  blood  pressure  which  is  utilized  as  an  index 
by  numerous  writers  being  absolutely  useless 
as  such.  In  the  absence  of  a  reaction,  the 
investigators  presumably  did  not  reach  the 
suprarenals  with  the  rays,  or  only  in  part,  while 
in  changes  of  the  sugar  metabolism,  side- 
effects  upon  the  pancreas  may  have  intervened. 
One  of  the  authors  (David)  has  previously 
pointed  out  that  on  radiation  of  the  isolated 
suprarenal  body,  a  rehable  index  is  supplied 
in  the  first  place  by  the  adrenalin  contents  of 
the  radiated  organ,  while  the  other  organ, 
in  the  second  place,  constituted  a  useful 
method  of  comparison,  provided  laboratory 
animals  are  selected  which  have  physiologically 
the  same  adrenalin  contents  in  both  supra- 
renal bodies.  In  the  performance  of  accurate 
experiments,  the  following  four  points  must  be 
steadily  kept  in  mind: 

1.  The  physiological  adrenalin  contents  of 
the  suprarenals  of  the  examined  animals  species 
must  be  accurately  known. 

2.  The  ray-cone  must  strike  the  gland 
separatel}^  so  that  side-effects  upon  other 
organs  are  excluded. 

3.  Exact  measurements  of  the  administered 
x-ray  doses  must  be  practicable. 

4.  It  must  be  possible  to  express  the  results 
of  the  radiation  in  exact  terms. 

The  normal  adrenalin  contents  of  the 
laboratory  animals — rabbits,  guinea-pigs,  dogs 
— are  known  through  the  experiments  of 
Batelli  and  Ornstein,  whose  results  may  still 
be  regarded  as  correct,  in  spite  of  the  anti- 
quated procedure.  The  second  condition  is  met 
by  the  operative  exposure  of  one  suprarenal 
body  in  the  animal,  and  the  third  condition  is 
met  by  exposing  the  administered  amount  of 
rays  in  skin  erjahema  doses  (SKE).  In  order  to 
comply  with  the  fourth  request  for  exact  values, 
preliminary  experiments  must  be  performed, 
ascertaining  if  the  experimental  procedure 
as  such,  without  radiation,  acts  in  any  way 
upon  the  adrenal  system,  in  the  sense  of  a  func- 
tional change.  It  was  found  that  this  is  not  the 
case,  and  the  preserved  suprarenal  body  never 
presented  a  change  deviating  from  the  normal 
standard,  as  a  result  of  the  intervention.  For 
the  quantitative  determination  of  the  adrenalin 
contents,  Folin's  procedure  modified  by  Quant- 
meyer  and  Autenrietii  was  selected.  The 
conditions  for  the  radiations  were  always 
identical.  Altogether,  40  laboratory  animals 
were  radiated,  including  the  preliminary  experi- 
ments. The  doses  were  100,  75,  50  and  25  per 
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cent  of  the  skin  erythema  doses,  applied 
through  filters  of  J  .>  mm-  zinc,  3,  2,  and  i  mm. 
aluminum.  The  time  between  radiations  and 
killing  of  the  animals  amounted  to  eight  days 
in  the  majority  of  cases.  In  the  following  table, 
prepared  from  four  tables  of  the  principal 
experiments,  the  accomplished  efforts  are 
compiled,  expressed  in  percentages: 


Adrenalin  Production 

Dose 

iL'^ZnL  Unchanged 

Diminished  1     Increased 

I SKE 1             7 
H  SKE '             6 
H  SKE ,             8 
)-4  SKE  1           ti 

86  per  cent       14  per  cent 
50  per  cent       50  per  cent 
SO  per  cent   1     so  per  cent 

The  findings  serve  to  show  the  following: 

1.  The  adrenal  system  is  amenable  to 
influences  by  the  x-rays. 

2.  A  distinctly  weakened  function  is  ob- 
tained through  radiation  with  one  skin  ery- 
thema dose. 

3.  A  functional  increase  is  obtained  through 
radiation  with  3'i  skin  erythema  dose. 
LiCHTENBERG,    A.     Visualization    of    ureteral 

fistula  by  the  .\-rays.  Ztschr.  J.  Urol.  Chir., 
vii.  Hit.  1-3. 

For  the  accurate  determination  of  the  site 
of  a  ureteral  fistula,  an  x-ray  catheter  with 
division  into  centimeters  is  inserted  into  the 
corresponding  (empty)  ureter,  and  a  thin, 
flexible,  well-greased  shadow-producing  sound 
is  introduced  by  way  of  the  fistula.  The  last- 
named  procedure  is  often  tedious  and  diflScuIt. 
By  means  of  a  roentgenogram,  the  place  at 
which  the  two  catheters  come  in  contact  is 
brought  into  view.  Through  subtraction  of  the 
portion  of  the  ureteral  catheter  projecting 
beyond  the  intersection  from  the  length  of  the 
inserted  ureteral  sound,  the  distance  of  the 
fistulous  orifice  from  the  vesical  opening  of 
the  ureter  is  obtained. 

Anschutz  and  Hellmann.     The  value  of  post- 
operative irradiation  following  radical  sur- 
gery on  mammary  carcinoma.  Muncben.  med. 
Wchnschr.,  1921,  p.  1005. 
The  authors  compare  this  material  with  the 
publications  of  the  Tubingen,  Marburg,  Bres- 
lau  and  Leipsic  clinics.   In  order  to  obtain  a 
still   more   accurate  differentiation   as  to  the 
gravity    of   the    cases,    the    second    group    of 
Steintal  is  divided  by  them   into  three  sub- 
divisions:   Carcinoma,    not    adherent,    glands 
palpable    or    found    at   operation;    carcinoma 
adherent  to  the  skin  or  the  pectoralis  muscle, 
glands    positive;   carcinoma   adherent   to   the 
skin  and  the  pectoralis  muscle,  glands  positive. 
The  third  group  yields  bad  results.  The  results 
in  the  Kiel  clinic  were  better  after  radiation 


following  the  operation  than  without  after- 
radiation.  The  outcome  is  referred  by  the 
authors  to  their  radiation-technique,  by  means 
of  which  they  obtained  at  a  depth  of  i  cm. 
60  to  65  per  cent  of  the  carcinoma  dose,  and 
at  a  depth  of  2  to  3  cm.,  30  to  40  per  cent  of  the 
carcinoma  dose.  The  intrinsically  insufficient 
eff'ect  of  these  relatively  small  doses  is  evidently 
compensated  and  rendered  perfect,  because 
these  doses  are  applied  often,  at  regular  inter- 
vals (every  four  weeks)  and  the  radiation  was 
extended  beyond  one  year.  The  authors  accord- 
ingly worked  with  so-called  "drawn  out" 
doses,  with  a  successful  outcome  in  the  post- 
operative therapy  of  mammary  carcinoma. 
According  to  their  experiences,  the  authors 
feel  justified  in  seeing  the  secret  of  success  in 
the  correct  employment  of  the  dosage. 

ScHUTZE.     Roentgen  investigation  of  the  duo- 
denum. Berl.  klin.  Wchnscbr.,  192 1,  No.  33. 

The  author  shows  that  the  duodenum  is 
freely  accessible  to  examination  by  the  x-rays, 
provided  fluoroscopy  is  sufficiently  prolonged, 
up  to  ten  minutes  or  longer.  A  great  variety 
of  changes  are  met  with,  for  example,  loop 
formations  of  partly  semicircular,  partly  cir- 
cular type.  Changes  in  the  position  of  the 
duodenum  often  supply  the  cause  of  manifesta- 
tion which  led  to  the  diagnosis  of  "nervous 
stomach." 

HiJTTEN.  Adhesions  following  thyroid  irradia- 
tion. Miinchen.  med.  Wchnschr.,  1921,  p.  983. 
In  consequence  of  the  uniform  findings  in  his 
experiments,  the  author  assumes  a  positive 
connection  between  the  radiation  of  goiters  and 
the  formation  of  adhesions,  and  he,  therefore, 
rejects  radiations  until  practicable  conditions 
are  provided  under  which  these  adhesions  do 
not  occur.  In  his  microscopic  investigations 
he  was  unable  to  discover  any  specific  influence 
of  the  x-rays  upon  the  goiter  tissue. 
Fraenkel,  Manfred.  The  influence  of  scat- 
tered radiation  on  glands  of  internal  secre- 
tion. Deutsche  med.  W  chnscbr.,  1921,  No.  9. 
Cases  of  remarkably  prompt,  hardlj'-ever- 
previously-observed,  favorable  modification  of 
sarcoma,  carcinoma,  and  metastases,  have  been 
described  by  Lenk.  The  author  (Fraenkel) 
believes  that  the  eff^ect  was  not  due  to  the 
scattered  radiation,  but  to  an  endocrinic 
glandular  action.  Stimulating  rays  produce 
increased  amounts  of  secretion  in  these  glands, 
these  secretions  existing  as  a  growth-inhibitory 
influence  upon  the  precarcinomatous  cells. 
In  fully  developed  cellular  degeneration,  rapid 
destruction  and  absorption  are  induced,  where- 
as even  the  maximum  doses  of  the  hardest 
rays  are  only  capable  of  inhibiting  develop- 
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nient.  The  obicctive  is  not  a  direct,  cancer- 
destroying  effect,  JDUt  a  reinforcement  of  the 
defensive  mechanisms.  This  new  radiation 
treatment  of  cancer  offers  the  following 
advantages:  The  long  sessions  of  several  hours' 
duration  are  avoided;  the  neighboring  tissue, 
whose  intactness  is  very  necessary,  is  not 
injured;  and  the  cancer  cachexia  is  not 
increased. 

ScHiNZ.  The  advantage  of  the  roentgen  exam- 
ination in  lung  tuberculosis.  Fortschr.  a.  d. 
Geb.  d.  Rbntgenstrahlen,  xxviii,  Hft.  5. 
The  author  makes  detailed  statements  as 
to  the  methods  of  examination,  emphasizing 
especially  the  possibility  of  erroneous  results 
in  examination  of  the  pulmonary  apex  and 
hilus.  He  very  properly  states  that  the  modern 
examination  of  the  lungs  included  a  roentgen 
examination,  but  that  the  roentgen  method 
involves  certain  sources  of  error,  against  which 
it  is  necessary  to  guard.  It  goes  without  saying 
that  the  roentgen  examination  can  never  sub- 
stitute, but  only  supplement,  the  clinical 
examination. 

Marsch,  Erich.  Coincidence  of  tuberculosis 
and  sarcoma.  Zentralbl.  J.  Cb'ir.,  July  22, 
1922,  p.  105". 

Whereas  the  simultaneous  appearance  of 
tuberculosis  and  carcinoma  has  been  repeatedly 
observed,  the  coincidence  of  tuberculosis  and 
sarcoma  has  not,  to  the  author's  knowledge, 
been  reported  in  the  literature.  Two  such  cases 
recently  came  under  his  observation,  concerning 
boys,  twelve  and  seventeen  years  of  age  respec- 
tively. The  two  cases  corresponded  in  that  after 
five  and  seven  years,  respectively,  subsequent 
to  the  onset  of  bone  and  joint  tuberculosis,  an 
osteosarcoma  and  an  enchondroma  developed 
as  sequelae  of  the  healing  tuberculous  affection. 
Both  of  these  patients  had  been  treated  for 
several  years  with  roentgen  rays.  In  the  first 
case,  an  old  tuberculous  focus  could  still  be 
demonstrated,  while  in  the  second  case, 
although  tubercles  were  no  longer  demon- 
strable, the  diagnosis  of  fungus  was  undoubted. 
A  purely  accidental  coincidence  cannot  be 
accepted  as  probable,  but  judging  from  the 
active  course,  the  tuberculosis  may  be  assumed 
to  have  acted  as  a  predisposing  factor,  thus 
creating  a  place  of  lessened  resistance  for  the 
development  of  the  malignant  neoplasm.  In 
the  absence  of  reasons  for  this  unusual  simul- 
taneous appearance  of  the  two  diseases,  the 
preliminary  treatment  with  roentgen  rays  must 
Idc  taken  into  consideration  as  an  etiological 
factor  for  the  sarcoma.  It  is  possible  that  the 
malignant  neoplasm  developed  as  a  result  of 
the  very  frequent  radiations  to  which  the 
tuberculous  knee-joints  of  these  two  patients 


were  exposed;  a  sarcoma  developing  instead 
of  a  carcinoma,  in  conformity  with  their 
youthful  age. 

Meyer,  P.  S.  Effect  of  .v-rays  on  bacillus 
prodigiosis.  Klin.-therap.  Wchnschr.,  Feb.  12, 
1923,  p.  297. 

Summary:  (i)  A  culture  of  Bacillus  prodigi- 
osus,  after  having  once  been  treated  with  .v-rays 
and  damaged  in  its  growth,  will  grow  again  in 
an  entirely  normal  manner,  but  on  repeated 
radiation,  is  less  seriously  damaged  than 
culture  which  has  not  been  previously  radiated. 
(2)  On  continued  radiation  of  this  prodigiosus 
strain,  the  resistance  becomes  progressively 
more  pronounced;  it  subsides  when  the  strain 
is  allowed  to  grow  for  four  weeks  without  radia- 
tion, but  at  once  reappears  with  the  second 
repeated  radiation.  (3)  This  resistance  corre- 
sponds to  the  immunity  of  bacteria  against 
medicinal  agents,  and  like  this,  may  be  inter- 
preted as  a  transformation  (Reichenbach). 
(4)  The  resistance  is  specific  towards  x-rays  in 
that  it  does  not  exist  towards  ultraviolet  rays. 

HoFMANN,    Artur     Heinrich.     Compression 

of    the    stomach     from     high-lying     colon. 

Miinchen.    med.    Wchnschr.,    Feb.    2,    1923, 

p.  149. 

This  observation  concerned  a  man  of  thirty 
years,  who,  in  getting  down  from  a  farm  wagon, 
caught  his  foot  and  fell  on  his  hands,  head 
downwards.  He  had  to  remain  a  few  minutes 
in  this  inverted  position  before  he  could  free 
himself.  Two  hours  later,  severe  abdominal 
pain  super\cncd,  and  after  a  few  days,  he  was 
admitted  to  the  hospital  under  the  diagnosis  of 
gastric  ulcer.  The  patient  (who  had  always 
been  well  before  the  accident)  could  take  only 
fluid  food,  everything  else  being  vomited. 
Examination  showed  a  bulging  gastric  fossa; 
the  pyloric  region  was  very  tender  to  pressure. 
The  roentgenogram  showed  a  stomach  looking 
as  if  cut  off  at  the  pyloric  antrum.  The  paste 
was  slightly  less  opaque  in  the  middle  of  the 
lesser  curvature,  and  a  slight  bulging  was  also 
somewhat  suggestive  of  ulcer.  The  picture  was 
the  same  at  the  end  of  six  hours.  At  the 
operation,  the  transverse  colon  was  found  to  be 
displaced  upwards,  and  the  ligamentum  teres 
was  tensely  stretched,  forming  a  prominent 
tendon  which  constricted  the  transverse  colon 
and  stomach.  The  stomach  was  voluminous, 
and  no  gastric  ulcer  was  demonstrable.  The 
abdominal  coverings  were  closed  after  the 
colon  had  been  replaced  in  its  normal  position, 
and  the  patient  was  discharged  cured  three 
weeks  later.  The  case  was  one  of  displaced 
transverse  colon,  which  in  its  turn  had  caused 
a  compression  of  the  stomach  and  was  itself 
compressed  by  the  ligamentum  teres. 
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Laroche,  G.,  Brodin,  P.,  and  Ronneaux, 
G.  Critical  study  of  chronic  appendicitis: 
Importance  of  .v-ray  examination.  Presse 
mid.,  Apr.  8,  1922,  p.  28. 
The  many  types  of  chronic  appendicitis 
make  an  exact  diagnosis  difficult.  General 
symptoms  and  functional  disturbances  are  not 
sufficiently  characteristic  to  form  the  basis  of  a 
diagnosis.  Defensive  abdominal  tension  and  the 
existence  of  a  point  constantly  sensitive  to 
pressure  are  of  more  definite  significance; 
but  the  latter  is  difficult  to  demonstrate, 
because  the  location  of  the  appendix  is  not 
always  the  same  in  different  individuals.  Of 
greater  importance  are  the  roentgenological 
findings;  repeated  examinations  made  with  the 
patient  in  different  positions  will  show  a  point 
sensitive  to  pressure  at  or  very  near  the  base 
of  the  appendix,  that  shifts  in  position  with  the 
appendix.  For  the  examination,  the  cecum 
must  be  filled  with  contrast  mixture  (barium). 
Palpation  is  best  carried  out  with  the  hand, 
which  must,  however,  be  protected  from  the 
prolonged  radiation. 

HocHSTETTER.     Duodenal    stenosis    following 

tuberculous  peritonitis.  Fortschr.  a.  d.  Geb.  d. 

Rbnt^enstrahlen,  xxix,  Hft.  2. 

A  fifty-four-year-old  man  sent  to  the  hos- 
pital with  a  diagnosis  of  gall-stones  complained 
of  attacks  of  colicky  pains  in  the  abdomen, 
especially  at  night,  also  of  pains  above  the 
umbilicus  after  taking  food,  which  were  more 
severe  when  he  was  Ij'ing  down  than  when 
sitting,  also  eructations,  diarrhea  and  vomiting. 

The  roentgen  examination  showed  the  stom- 
ach drawn  to  the  right,  lying  obliquely;  no 
peristalsis,  the  stomach  remaining  filled  and 
sausage-shaped  after  several  hours.  Foul- 
smelling  contents  were  withdrawn  by  gastric 
lavage;  operation  showed  an  extreme  stenosis 
of  the  ileum  caused  by  a  narrow  cord-like  band 
of  connective  tissue;  also  adhesions  to  the 
peritoneum.  The  patient  died  soon  after 
operation. 

Opitz,  Erich.  The  problem  of  roentgen  and 
radium  dosage.  Klin.-therap.  Wchnschr., 
Feb.  5,  1923,  p.  243. 

The  author  emphasizes,  on  the  basis  of  a 
number  of  facts,  that  there  exists  no  x-ray 
dosage  through  which  carcinomatous  tissue  can 
be  destroyed  in  every  case,  and  this  remark 
applies  with  even  greater  force  to  the  so-called 
sarcoma  dosage.  The  greatest  difficulty  for 
accurate  dosage  is  referable  to  the  general 
action  of  the  rays.  A  part  of  the  action  of  the 
rays  is  due  not  to  a  direct  damage  of  the 
cancer  cells,  but  to  the  general  reaction  of  the 
bodj-.  The  measuring  of  the  .\-ray  doses 
is    not   only   an    arithmetical    problem    which 


has  to  discover  the  time  plus  the  intensity  of 
application.  When  the  radiation,  acting  in  a 
unit  of  time,  drops  below  a  certain  low  value 
(as  easily  occurs  in  actual  practice)  all  possi- 
bility of  success  ceases,  no  matter  how  long  the 
radiation  be  continued.  Other  difficulties  arise 
in  estimating  the  dosage  of  radium  rays,  and 
here  again,  the  essential  point  is  not  merely  the 
dose  applied  to  a  given  carcinoma,  but  the 
amount  of  radium  rays  absorbed  by  the  body 
as  a  whole.  Aside  from  the  quantity  of  radium 
or  mesothorium  employed,  the  position  of  the 
preparation  and  the  absorption  in  the  filter  are 
of  importance.  In  these  chiefly  gynecological 
applications  the  entire  alpha  radiation,  and 
by  far  the  greater  part  of  the  beta  radiation  are 
destroyed  by  the  filters  and  thus  do  not  exert 
an  action  in  the  body.  It  is  of  great  significance 
for  the  general  action,  which  portion  of  the 
gamma  radiation  comes  to  act  upon  the  body, 
and  this  depends  not  only  upon  the  filter 
material  but  also  upon  the  thickness  of  the 
filter. 

Pauchet,  Victor.     Diverticula  of  the  colon. 

Gaz.  d.  bop.,  1922,  xcv.  No.  41. 

Diverticula  of  the  colon  are  hernia  of  the 
mucosa,  often  resulting  from  constipation; 
they  are  well  demonstrated  by  the  roentgen 
ray  after  bismuth  enema.  They  are  often  filled 
with  feces  and  may  cause  pelvic  abscesses, 
peritonitis,  contractions  or  •  inflammatory 
tumors.  So  long  as  there  are  no  symptoms  due 
to  the  diverticula,  it  is  sufficient  to  treat  the 
constipation.  Abscess  formation  is  an  indication 
for  drainage;  fistulae  for  resection  of  the  por- 
tion of  the  intestine  involved.  Inflammatory 
tumors  must  be  treated  like  carcinoma,  with 
the  difference  that  the  artificial  anus  need  not 
be  made  permanent. 

Feissly  and  Fried.  Etiology  of  the  "cascade 
stomach."  Fortschr.  a.  d.  Geb.  d.  Riintgen- 
strabkfi,  xxix,  Hft.  2. 

Description  of  a  case  with  operation.  The 
operative  findings  were  as  follows:  The  omen- 
tum majus  was  adherent  to  the  anterior 
abdominal  wall;  this  was  detached.  The 
stomach  was  free,  showing  no  constriction, 
no  sac  formation,  no  scar,  neither  active  nor 
latent  ulcer,  no  tumor.  The  posterior  gastric 
wall  was  far  removed  from  the  colon.  Pylorus 
patent,  no  duodenal  ulcer.  Pancreas  and  peri- 
gastric region  normal.  The  liver  extended 
slightly  above  the  costal  arch.  The  gall-bladder 
was  small;  no  concretions  in  the  biliary 
passages.  The  gall-bladder  was  enclosed  in  a 
tough  membrane  full  of  small  blood-vessels; 
this  membrane  was  detached.  A  short  meso- 
colon and  a  very  short  ligamentum  hepatogas- 
tricum  were  found.  It  is  possible  that  the  biloc- 
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ular  shape  of  the  stomach  was  due  to  the  short- 
ness of  this  ligament,  and  also  to  the  adhesions 
around  the  gall-bladder.  Closure  of  the  wound, 
which  healed  normally.  Later  the  patient 
showed  the  same  symptoms  as  previous  to 
operation.  At  the  second  operation,  the  findings 
were  as  follows:  The  epiploon  was  closely 
adherent  to  the  anterior  abdominal  wall,  the 
liver  and  surrounding  organs.  The  colon  with 
the  ligamentum  gastrocolicum  was  drawn 
upwards  and  the  stomach  therefore  held  in  an 
abnormally  high  position  by  this  ligament. 
The  pars  pylorica  of  the  stomach  was  indented 
by  the  abnormal  insertion  of  the  ligament. 
The  adhesions  were  freed  with  difficulty.  The 
stomach  showed  nothing  abnormal;  spleen 
and  kidneys  normal.  The  operation  consisted 
in  freeing  adhesions  and  releasing  the  colon  and 
the  liver. 

A  month  after  the  operation,  the  roentgen 
examination  again  showed  the  typical  cascade 
stomach.  It  appears  that  the  cascade  stomach 
was  caused  by  the  pull  of  the  transverse  colon. 
The  short  ligamentum  hepatogastricum  found 
at  operation  may  have  drawn  the  stomach  too 
far  upwards  while  the  short  mesocolon  and  the 
pressure  of  the  transverse  colon  cooperated  in 
producing  the  result.  And  since  the  patient 
had  very  probably  suflered  from  some  inflam- 
matory condition  previously,  this  was  also  a 
factor  in  the  high  fixation  of  the  colon.  After 
the  operation,  the  extensive  adhesions  re- 
formed, which  caused  an  accentuation  of  the 
cascade  form,  and  the  development  of  a  true 
cascade  stomach. 

In  classifying  the  various  types  of  this  form 
of  stomach,  distinction  should  be  made,  first, 
between  the  true  and  the  false  cascade  stomach. 
The  latter  includes  those  types  caused  by 
spasm,  air  in  the  colon,  which  are  variable  and 
usually  respond  to  treatment  with  belladonna 
and  atropin,  as  Carman  has  described.  The  true 
cascade  stomach  is  characterized  by  the 
permanence  of  its  form,  and  can  be  caused  by 
(a)  pathological  conditions  in  the  stomach 
(ulcer,  scars) ;  (6)  pathological  conditions  in  the 
perigastric  region  (perigastritis,  peritonitis, 
extra  ventricular  tumors);  (c)  changes  in  the 
normal  course  of  the  colon. 

Naturally  in  certain  individual  cases  spasm 
may  be  caused  by  an  ulcer. 

Karewski,  F.  Intussusception  of  the  de- 
scending colon.  Deutsche,  med.  Wchnschr., 
1 92 1,  No.  34,  p.  990. 

A  case  report  of  an  intussusception  of  the 
large  intestine,  25  cm.  long,  caused  by  an 
adenomatous  carcinoma  of  the  intestinal 
wall,  of  the  size  of  a  mandarin,  and  with  a 
wide  base.  On  the  basis  of  the  roentgenological 


appearance,  the  author  came  to  the  conclusion 
that  an  unusually  low  location  of  the  flexura 
iinealis,  most  probably  due  to  a  general 
invagination  of  the  descending  colon,  together 
with  a  palpable  mobile  tumor,  indicated  a  still 
patent  invagination. 

Zehbe.  Duodenojejunal  diverticula.  l.Fortscbr. 

a.  d.  Geb.  d.  Rbntgenstrahlen,  xxviii.  No.  2. 

The  five  diagnostic  criteria  of  duodenojejunal 
diverticulum  described  by  Forsell  were  all 
fulfilled  in  the  case  reported  by  Zehbe  in  a 
thirty-five-year-old  man.  For  two  years  there 
were  indefinite  pains  in  the  upper  and  middle 
abdomen,  radiating  sometimes  toward  the 
liver,  sometimes  toward  the  sacral  region,  often 
disturbing  the  night's  sleep.  These  attacks  of 
pain  lasted  for  weeks  and  months  and  then 
would  entirely  disappear  for  a  time;  no  vomit- 
ing, no  heartburn,  occasional  constipation. 
Alexander  Adams  operation  without  result. 
Roentgenogram  of  the  stomach  showed  nothing 
unusual.  The  canalis  egestorius  showed  a  some- 
what rapid  peristalsis,  which  caused  the  rapid 
passage  of  the  gastric  contents  into  the  duo- 
denum through  the  pylorus,  which  was  almost 
constantly  open.  The  duodenal  bulb  was 
small,  contracted  rapidly  and  strongly,  and 
discharged  its  contents  into  a  space  the  size  of 
a  goose-egg,  which  filled  rapidly  and  was 
situated  with  its  lower  pole  between  the  duo- 
denal bulb,  the  pars  pylorica  and  the  stomach. 
This  space,  as  demonstrated  by  repeated 
roentgenological  examination,  was  divided 
into  several  sections  by  folds  in  the  wall  and 
lay  eccentric  to  the  duodenum.  Its  lower  pole 
retained  the  contrast  meal,  its  upper  pole  an 
air  vesicle;  between  these  was  an  intermediary 
layer.  No  definite  diagnosis  was  made.  Opera- 
tion showed  normal  stomach  with  a  few  adhe- 
sions at  the  pylorus.  Palpation  of  the  duodenum 
did  not  give  the  slightest  indication  of  a  diver- 
ticulum. The  operation  did  not  relieve  the 
symptoms  and  the  roentgen-ray  findings  were 
the  same  after  operation  as  before. 

Kohl,  F.  New  treatment  lamps  for  con- 
stitutional heliotherapy.  Strabkntberapie,  xii, 
994. 

Description  of  two  new  types  of  lamps: 
"Efka"  lamp  and  "Efkaheliol"  lamp.  The 
former  is  a  carbon  arc  lamp  with  an  open 
burner,  in  which  so-called  "effect  carbon"  is 
utilized  for  the  production  of  light,  as  rich  as 
possible  in  ultraviolet  ra>s.  Four  successive 
light  arcs  are  provided  for,  and  the  author  adds 
that  the  lamps  are  equipped  with  an  appliance 
for  the  removal  of  injurious  vapors.  The 
"heliol"  lamp  is  based  upon  an  altogether 
different  principle;  it  is  a  carbon  light  arc 
enclosed  in  a  space  poor  in  oxygen.  \\'ith  this 
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adjustment,  it  is  possible  to  increase  the 
tension.  Tiie  carbon  consumption  is  much  less 
considerable.  Instead  of  carbon  dioxide,  only 
carbon  oxide  is  formed,  which  provides  a 
better  conductivity  for  the  electric  current. 
By  means  of  this  increased  tension,  a  light  very 
rich  in  ultraviolet  rays  is  obtained.  By  selecting 
quartz  or  different  kinds  of  glass  for  the 
enclosure  of  the  source  of  light,  it  is  possible  to 
keep  in  stock  burners  with  an  entirely  different 
spectrum,  for  different  purposes.  The  lamp  can 
be  ordered  from  Fritz  Kohl,  $$  Bruderstr., 
Leipzic. 

EiSLER.     A    rare    case    of    Paget's    disease. 

Fortscbr.     a.     d.     Geb.     d.     Rontgenstrahlen, 

xxix,  No.  3. 

Multiple  joint  affections  are  not  infrequently 
observed  in  sj'philis;  the  affection  of  a  single 
joint  may  likewise  occur,  and  often  remains 
unrecognized  as  such.  Surgical  interventions 
in  these  misinterpreted  cases  are  injurious. 
Monoarticular  joint  disease  may  be  due  to 
congenital  as  well  as  acquired  syphilis;  in  the 
secondary  stage,  its  recognition  is  not  difficult 
in  acquired  syphilis,  whereas  the  diagnosis  is 
extremelj'  difficult  in  the  tertiary  stage,  where 
in  the  absence  of  other  syphilitic  manifesta- 
tions, confusions  may  occur  with  sporotrichosis, 
sarcoma,  and  especially  with  tuberculosis. 
The  chief  differential  features  with  respect  to 
tuberculosis  may  be  summarized  as  follows: 
In  tuberculosis,  weakness  of  the  body,  pain  on 
movement,  fistulas,  cutaneous  venous  plexus, 
enlarged  glands;  relief  through  rest  and 
fixation.  In  syphilis,  slight  tenderness,  a  strong 
body,  no  fistulas,  no  relief  through  fixation; 
a  positive  Wassermann  reaction,  and  curative 
effect  of  antisyphilitic  treatment.  In  mono- 
articular arthritis,  the  process  may  originate 
from  the  cartilage  as  well  as  from  the  joint 
capsule.  Eleven  cases,  observed  by  the  author, 
are  described;  4  of  these  cases  concerned 
the  shoulder  joint,  2  the  elbow  joint,  i  the 
wrist,  3  the  knee  and  i  the  ankle  joint.  As 
shown  by  accompanying  roentgenograms  the 
articular  ends  were  eroded  in  many  cases. 

Sauer,  H.    Osteitis  fibrosa.  Deutsche.  Ztschr. 

J.  Chir.,  Apr.,  1922,  clii,  95. 

Only  those  cases  of  generalized  fibrous  ostei- 
tis which  have  been  investigated  clinically, 
roentgenologically  and  histologically,  and 
which  finally  come  to  autopsy,  can  furnish 
information  as  to  the  pathogenesis  of  the  dis- 
ease. The  author  contributes  such  a  case  from 
the  Ringel  Department  of  the  St.  George 
Hospital  in  Hamburg.  The  patient  finally 
died  as  a  result  of  complications,  after  a  course 
of  seven  years,  with  periodical  arrests  and 
aggravations.  The  disease  appeared  in  a  boy 


of  sixteen  years,  free  from  all  signs  of  rickets, 
as  a  result  of  a  fall  into  ice-cold  water.  Observa- 
tions during  four  years  again  showed  that  the 
apparently  highly  variegated  pictures  are 
merely  varieties  of  the  same  pathological 
process  and  represent  only  stages  in  the  con- 
stantly changing  picture  of  the  disease.  The 
nature  of  the  process  consists  in  a  complete 
transformation  of  the  bone  tissue  and  substitu- 
tion of  the  bone  marrow  by  fibrous  tissue  in 
part,  with  productions  of  tumor-like  structures, 
which  histologically  appear  either  as  pure 
fibromas  or  as  giant-cell  sarcomas.  Smooth- 
walled  cysts  surrounded  by  solid  spongy 
tissue  are  the  terminal  stage  of  the  entire 
disease,  representing  a  sort  of  cure.  The  course 
of  Sauer's  case  showed  a  remarkable  improve- 
ment in  the  upper  limbs,  whereas  the  condition 
of  the  lower  limbs  had  rather  become  aggra- 
vated. The  fatal  outcome  was  due  to  a  compli- 
cation in  the  form  of  angular  kinking  of  the 
vertebral  column  at  the  transition  of  the  thoracic 
segment  with  the  lumbar  segment,  with  pres- 
sure upon  the  spinal  cord. 

The  autopsy  showed  a  tumor  of  the  left 
inferior  parathyroid  gland,  which  is  referred  to 
by  the  author  as  responsible  for  the  patho- 
genesis of  the  osteitis  fibrosa.  Brief  clinical 
histories  are  given  of  1 1  cases  of  localized 
osteitis  fibrosa,  part  of  the  tumor-forming  type, 
part  manifesting  themselves  as  bone  cysts. 
Localization  in  the  ischium  was  observed  in 
two  instances.  The  prognosis  of  the  localized 
tumor-forming  type  is  relatively  favorable.  In 
the  course  of  years,  a  sort  of  spontaneous  cure 
is  possible  without  any  therapeutic  interven- 
tion. The  healing  process  can  be  accelerated 
through  exposure  of  the  bone  focus.  This 
intervention  is  at  first  followed  by  an  enlarge- 
ment of  the  focus,  as  after  a  fracture  of  diseased 
bone.  The  giant  cell  containing  tissue  is  gradu- 
ally replaced  by  newly  developed  spongy  tissue. 
The  bone  cysts  were  all  observed  on  the  occa- 
sion of  a  spontaneous  fracture.  In  view  of  the 
fact  that  cases  which  have  not  been  operated 
upon  have  a  greater  tendencj^  to  repeated 
fractures  than  the  excochleated  cases,  the 
treatment  should  always  consist  in  operative 
exposure  and  scraping  the  cavity.  Eleven  of  the 
t^velve  cases  concerned  the  female  sex.  The  age 
varied  between  nine  and  fourteen  years. 

Baensch  and  Boemi.nghaus.     X-ray  differen- 
tiation of  diseases  of  the  uropoietic  system. 
Ztschr.  J.  urol.  Chir.,  1921,  vii. 
The  writer  discusses  fully  the  roentgen  diag- 
nosis of  the  uropoietic  system    and    describes 
the  methods  used  at  the  Voelcker  Clinic.  Everj" 
roentgenological  examination  of  the  kidneys  is 
begun  with  a  bilateral  plate  (compression  dia- 
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phragm)  in  order  to  avoid  errors  from  contrast 
materials  that  persist  in  situ.  Inflation  of  the 
abdomen  with  gas  is  much  used;  Goetz  tech- 
nique; introduction  of  needle  through  the  rectus 
muscle,  insufflation  of  oxygen.  Weak  tubes. 
Before  the  screen  the  patient  is  turned  slowly 
from  the  dorsal  position  to  the  right  side,  thus 
lifting  the  left  kidney  slowly  about  40°  out  of 
the  deep  shadow  complex  of  the  back  muscula- 
ture, spinal  column  and  intestines.  On  the  right 
side  conditions  are  more  unfavorable,  as  here 
the  liver  covers  the  upper  pole  of  the  kidney 
almost  completely.  Good  plates  are  obtained 
with  the  patient  in  the  dorsal  position.  After 
the  examination,  the  oxygen  is  with  drawn 
through  a  trocar.  Serious  reactions  were  never 
observed.  The  pyelogram  is  a  valuable  aid  in 
roentgenological  diagnosis.  Only  moderately 
large  ureteral  catheters  should  be  used  so  that 
the  collargol  can  flow  back  into  the  bladder  on 
both  sides.  Injection  must  be  made  slowly. 
The  renal  pelvis  should  first  be  emptied  of  all 
residual  urine,  as  otherwise  the  plates  may 
not  be  clear  owing  to  great  dilution  of  the 
collargol.  Very  clear  plates  may  also  be  made 
by  the  simultaneous  inflation  of  the  ureter 
and  the  abdominal  cavity  with  air.  This 
method  has  given  excellent  results  in  diagnosis. 
Unilateral  kidney  aplasia,  horseshoe  kidney, 
and  floating  kidney  can  be  definitely  diagnosed. 
From  the  plates  conclusions  can  be  drawn  as  to 
the  isolated  and  combined  enlargement  of 
individual  parts  of  the  kidney  pelvis  and 
calyx.  Mechanical  obstructions  to  urinary 
flow  cause  primary  dilatation  of  the  so-called 
anatomical  kidney  pelvis,  while  with  primary 
infection,  the  pelvis  at  first  remains  intact,  and 
the  capacity  of  the  fornices  enlarged  partly 
through  dilation,  partly  through  suppurative 
fusion.  Primary  dilatation  can  also  be  com- 
bined with  infection  (acute  and  chronic  dilata- 
tion pyonephrosis).  In  acute  cases  ureteral 
catheterization  is  contraindicated,  as  injury 
to  the  mucous  membrane  from  the  catheter 
may  result  in  contamination  of  the  blood  stream. 
Kidney  tuberculosis  is  a  difficult  field,  as  the 
process  is  usually  far  advanced  before  it 
presents  a  definite  roentgenogram.  The  patho- 
logical changes  afl"ect  chiefly  the  fornices  and 
calices  of  the  second  order.  Pneumoperitoneum 
and  air  inflation  are  especially  valuable  in  the 
diagnosis  of  kidney  stones  and  of  tumor.  The 
ureter  is  clearly  shown  in  the  roentgenological 
picture;  the  ureteral  catheter  can  be  introduced 
into  the  ureteral  orifice  a  few  centimeters  and 
then  contrast  material  allowed  to  flow  in.  If  a 
contrast  catheter  is  used  this  stretches  the 
ureter,  and  pathological  kinks  are  not  visible. 
In  insufficiency  of  the  ureteral  orifice,  excellent 
plates  arc  obtained  if  the  bladder  is  filled  with 


collargol,  and  the  patient  asked  to  attempt  to 
urinate,  but  holding  the  urethra  together. 
Further,  the  changes  in  the  bladder  during 
normal  micturition,  prolapse,  pregnancy, 
hernia,  diverticula  and  hypertrophied  prostate 
are  described;  also  the  roentgenological  tech- 
nique for  the  diagnosis  of  bladder  calculi.  The 
radiological  study  of  the  prostate  is  of  only- 
slight  value,  and  methods  of  making  roentgeno- 
grams of  the  seminal  vesicles  have  not  been 
made  clinically  useful.  The  same  is  true  of  the 
urethra. 

Henszelmann.  The  diagnostic  value  of  colon 
inflation  in  the  diagnosis  of  spleen,  liver  and 
gall-bladder  disease.  Fortschr.  a.  d.  Geb.  d. 
Rbntgenstrahlen,  xxix.  No.  4. 
The  author  describes  the  technique  for 
inflation  of  the  colon  with  an  ordinary  type  of 
bellows;  this  was  done  at  first  with  the  patient 
upright;  later,  lying  on  the  left  side,  as  in  this 
latter  position  the  inflation  is  more  uniform  and 
the  procedure  is  better  borne.  Two  hundred  to 
400  c.c.  of  air  should  be  introduced  four  to 
five  times.  The  intestines  should  be  emptied 
previously.  The  outlines  of  the  liver  and  spleen 
are  very  clearly  demonstrated;  also  the  pan- 
creas becomes  visible.  The  air  can  be  intro- 
duced while  the  intestine  is  filled  with  contrast 
material.  The  author  presents  several  illustra- 
tions showing  his  results,  for  example,  a  gall- 
bladder filled  with  stones,  tumors  of  the  spleen 
and  liver,  etc. 

VoGT.  Gastrointestinal  examination  of  the 
newborn.  Fortsch.  a.  d.  Geb.  d.  Rontgenstrablen, 
xxviii.  No.  4. 

"Citobarium"  is  not  injurious  even  for  new- 
born infants  who  do  not  refuse  to  take  it.  The 
dose  is  from  20  to  30  gm.  in  a  thin  fluid  drink- 
able infusion.  For  an  enema,  a  mixture  of  20  to 
40  gms.  with  water  is  used.  The  usual  shape 
is  the  angle-hook  form,  more  nearly  syphone 
form.  The  gastric  air  bubble  is  largest  immedi- 
ately after  the  meal.  The  stomach  is  divided 
into  the  cardiac  portion,  the  fundus  and  the 
pyloric  portion.  The  empty  stomach  is  tubular. 
The  body  axis  and  the  stomach  axis  form  an 
acute  angle  with  each  other.  The  medium  time 
of  evacuation  of  the  stomach  amounts  to  one 
and  a  half  to  three  hours  with  mother's  milk, 
somewhat  longer  with  cow's  milk.  The  ileum 
opens  rectangularly  into  the  cecum.  The  last 
coil  of  the  ileum  descends  only  as  far  as  the 
pelvis.  The  small  intestine  has  the  most  marked 
peristalsis.  In  three  hours,  the  ingested  material 
has  passed  through  the  small  intestine.  The 
transverse  colon  takes  a  gibbet-shaped,  extended 
course.  The  coil  of  the  descending  colon  is  char- 
acterized by  great  fluctuations  with  respect  to 
its  extent,  arrangement  and  position.  The  con- 
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trast  mixture  remains  three  to  four  hours  in 
the  large  bowel,  after  which  time  it  is  gradu- 
ally evacuated.  The  digestion  of  a  meal  con- 
sisting of  mother's  milk  requires,  on  an  average, 
from  live  to  eight  hours. 

Cattaneo.  Subacute  and  chronic  mono- 
arthritis as  the  only  manifestation  of  luetic 
infection.  Radiologica  med.,  ix,  No.  4. 
Description  of  a  case.  The  summary  follows. 
Our  case  is  of  interest  for  several  reasons:  (1) 
Paget's  bone  disease,  which  is  known  to  cause 
no  clinical  or  subjective  symptoms  of  any  kind 
at  the  beginning,  can  first  be  recognized  in  the 
roentgenogram,  principally  in  a  diffuse  calcium 
deficiency  of  the  bone;  it  is  not  until  later  on 
that  hypertrophic  changes  and  deformities 
make  their  appearance,  as  a  transformation  of 
the  bone  tissue  of  characteristic  type.  (2)  A 
fracture  may  complete  the  decalcification  of 
the  bone.  (3)  Although  the  calcium  deficiency 
is  gradually  replaced,  the  typical  ^deformity 
producing  change  of  the  bone  now  sets  in.  (4) 
Furthermore,  the  case  serves  to  show  that 
fractures  of  atypical  site  and  appearance  should 
always  direct  attention  to  a  pathological  condi- 
tion of  the  bony  framework. 

Wolff,  E.  Diagnosis  of  high  lesser  curvature 
ulcers.  Klin.-therap.  Wchnschr.,  1922,  No.  3. 
The  author  shows  with  many  illustrations 
how  an  ulcer  below  the  cardia  on  the  lesser 
curvature  of  the  stomach  may  often  be  dem- 
onstrated if  the  patient  lies  on  the  left  side. 
Excellent  roentgenograms  add  to  the  text. 
ScHiNz,  H.  R.  The  roentgen  appearance  of 
stomach  ulcers.  Forlschr.  a.  d.  Geb.  d.  Rontgen- 
strahlen,  1921,  xxxiv  (supplement). 
This  excellent  report  deals  with  the  peptic 
ulcer  cases  studied  at  the  Central  Roentgen 
Institute  of  the  cantonal  hospitals  of  Zurich 
in  the  last  two  years  (66  cases)  and  is  of  special 
value  because  the  author  w-as  present  at  each 
operation  and  could  compare  the  operative 
with  the  roentgenological  findings.  The  many 
resections  done  by  Professor  Claimont  j'ielded 
especially  interesting  results  in  duodenal  ulcer. 
The  number  of  ulcers  that  were  correctly 
diagnosed  and  localized  is  astonishingly  large; 
on  the  basis  of  his  report,  the  author  concludes 
rightly  that  every  ulcus  callosum  can  be 
recognized  by  the  roentgenogram.  The  cases 
are  described  in  detail  under  the  following 
classification:  i.  Ulcera  callosa  of  the  pars 
cardiaca  of  the  stomach.  2.  Ulcera  callosa  of 
the  pars  media  of  the  stomach  (a)  on  or  near  the 
lesser  curvature,  (6)  on  lateral  surfaces,  (c)  on 
the  greater  curvature.  3.  Ulcera  callosa  of  the 
pars  prepylorica.  4.  Duodenal  ulcers. 
5.  Mucous  membrane  ulcers. 

The  author's  statements   in   regard   to  the 


clinical  picture  and  the  position  of  the  ulcer  are 
especially  valuable.  He  shows  that  the  clinical 
picture  depends  upon  a  variety  of  constitu- 
tional factors  and  other  conditions,  but  gives 
no  definite  evidence  for  the  localization  of  the 
ulcer.  Late  pains  may  occur  in  ulcers  at  a  dis- 
tance from  the  pylorus.  The  only  means  of 
localizing  ulcers  is  the  roentgenological  exami- 
nation, and  in  the  hands  of  an  experienced 
roentgenologist,  it  is  a  sure  means.  In  addition 
to  localizing  the  site  of  the  ulcer,  the  roentgen 
examination  also  gives  information  in  regard 
to  the  nature  of  the  ulcer,  and  in  this  way  indi- 
cates the  necessary  treatment,  in  that  all 
stenosing  and  penetrating  ulcers  are  absolute 
indications  for  operation.  A  definite  diagnosis 
of  mucous  membrane  ulcers  is  not  possible. 
The  value  of  the  roentgenological  examination 
is  in  demonstrating  the  presence  of  an  ulcus 
callosum,  since  such  cases  are  suitable  for 
medical  treatment. 

The  treatise  is  very  valuable.  It  gives  a 
number  of  important  suggestions  and  urges 
each  roentgenologist  to  develop  his  own  tech- 
nique for  examinations.  The  work  can  be 
recommended  to  every  surgeon. 

Hackradt.  The  position  of  the  patient  in 
relation  to  treatment  with  natural  sunshine. 
Strahlentherapie,  xii,  1015. 
Upon  the  basis  of  numerous  measurements 
as  well  as  mathematical  deductions,  the 
author  arrives  at  the  following  conclusions: 
The  radiation  should  be  applied  in  the  recum- 
bent position,  in  order  to  guard  against 
increased  congestion  of  the  lower  extremity. 
From  a  distance  of  40  cm.,  the  intensity  of  the 
quartz  lamp  light  diminished  in  about  the 
square  of  the  distance.  For  radiation  of  the 
entire  body  with  artificial  sunlight,  a  distance 
equal  to  half  the  length  of  the  body  should  be 
selected.  The  body  axis  and  the  light  tube  axis 
should  go  parallel.  For  entire  radiations,  the 
work  is  most  economically  done  with  two 
lamps,  having  a  distance  of  70  cm.  from  each 
other,  and  a  distance  of  50  cm.  from  the 
patient.  The  consumption  of  electric  current  is 
hardly  greater  than  when  only  one  lamp  is  used. 

Groedel,    Franz    M.     Roentgen    symptom- 
atology of  duodenal  ulcer.  Mitt.a.d.Grenzgeb. 
d.  Med.  11.  Chir.,  xxxiv.  No.  2. 
The  roentgenological  side  of  the  diagnosis  of 
ulcus    duodeni    is    discussed    in    a    brief   but 
illuminating  way  in  this  article,  which  can  be 
recommended  to  the  attention  of  every  surgeon 
and  every  physician  studying  roentgenology. 
In  general,  the  author  states  that  the  roent- 
genogram of  the  diseases  to  be  differentiated 
are  remarkably  similar.  This  is  probably  due 
to  the  fact  that  they  all  have  the  same  genetic 
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basis,  depending  upon  abnormal  function  of  the 
vegetative  nervous  system.  On  the  other  hand, 
the  special  roentgenogram  of  ulcus  duodeni  is 
sufficiently  characteristic,  that  as  a  rule  the 
diagnosis  can  be  correctly  made  with  due  con- 
sideration of  the  clinical  symptoms. 

Dalimier.  Pseudo-cancer  of  the  stomach  of 
syphilitic  origin.  Gaz.  d.  hop.,  1922,  xcv, 
No.  2. 

This  article  reports  a  case  of  syphihs  of  the 
stomach  which  clinically  and  roentgenologically 
simulated  carcinoma,  with  cachexia,  which 
was  cured  in  four  weeks  by  specific  treatment. 

Hromada,  G.  Insufficiency  of  the  ileocecal 
valve.  Arch.  J.  klin.  Chir.,  1921,  xcvii,  784. 
Embryological  studies  and  animal  experi- 
ments show  that  normally  the  valvula  Bauhini 
can  be  closed.  The  valve  is  actively  closed 
by  contraction  of  the  m.  sphincter  ileocolicus 
both  toward  the  ileum  and  toward  the  cecum, 
and  passively  serves  as  a  valve  against  regurgi- 
tation from  the  large  intestine.  In  cases  of 
insufficiency  of  the  valve  due  to  adhesions,  etc., 
a  corrective  operation  by  the  simple  technique 
of  Kellogg  or  Payr  relieves  this  insufficiency. 
The  method  of  Kellogg  consists  in  infolding 
the  ileum  in  the  colon.  Payr  suggested  that  by 
means  of  a  simple  Lembert  suture  between  the 
cecum  and  the  upper  wall  of  the  ileum,  the 
ileum  could  be  lifted  and  the  normal  ileo- 
cecal curve  reestablished,  which  guarantees 
the  sufficiency  of  the  valve.  This  operation 
has  been  done  in  the  Leipsic  Clinic  16  times; 
twice  the  insufficiency  of  the  valve  was  due  to 
enlarged  mesenteric  glands;  in  6  cases  to 
adhesions  after  previous  operations,  and  in  9, 
to  adhesions  after  appendicitis.  The  symptoms 
of  the  patients  were  all  the  same,  chiefly  chronic 
constipation  on  which  the  usual  methods  of 
treatment  had  no  effect.  After  relieving  the 
insufficiency  of  the  valve  these  symptoms  were 
remarkably  improved. 

Beclere,  a.  X-ray  treatment  of  intra- 
abdominal manifestations  of  malignant  dis- 
ease of  the  testicle.  Strahlentherapie,  xii,  1058. 
The  patient  was  a  man  of  thirty-five  years 
in  whose  case  a  tumor  developed  as  a  sequel 
of  retained  testicle,  and  was  removed  two  years 
ago  by  operation.  The  present  condition  was 
one  of  advanced  cachexia  with  an  enormous 
intra-abdominal  tumor.  Multiple-fields  radia- 
tion; filter  I  mm.  aluminum;  one  weekly 
treatment  during  several  months.  Complete 
subsidence  of  the  tumor,  and  cure  persisting 
five  years  at  the  time  of  the  report.  One  year 
after  the  radiation  a  small  x-ray  ulcer  appeared 
and  was  checked  through  transplantation. 
The    histological   examination    of  tiie    tumor, 


which  was  found  at  the  first  operation,  showed 
a  seminal  epithelioma,  a  so-called  seminoma, 
which  in  conformity  with  its  origin,  was  enor- 
mously sensitive  to  the  action  of  the  x-rays. 

Zehbe.       Duodenojejunal       diverticula.       II. 

Fortschr.  a.  d.  Geb.  d.  Rontgenstrahlen,  xxvii, 

No.  5. 

A  somewhat  atypical  symptom  complex 
with  periodical  attacks,  gastric  pain  persisting 
several  hours  after  meals  and  at  night,  radia- 
tion of  the  pain  from  the  mid-line  to  both  sides 
and  also  to  the  back,  with  nausea,  eructations, 
and  sometimes  vomiting  without  hematemesis, 
suggesting  duodenal  ulcer,  could  not  be 
correctly  diagnosed,  but  roentgen  examinations 
during  the  last  three  years  have  shown  that 
these  symptoms  were  due  to  diverticula  in  the 
upper  intestine.  Three  types  of  diverticula  are 
distinguished  according  to  their  location:  (i) 
On  the  pars  media  of  the  duodenum  near 
Vater's  papilla;  roentgenologically  these  diver- 
ticula are  shown   below  the  bulbus  duodeni; 

(2)  in  the  terminal  portion  of  the  duodenum 
(pars  ascendens  d.  ramus  inferior) — the  shadow 
of  such  a  diverticulum  lies  medial  to  the  lesser 
curvature  of  the  stomach,  somewhere  between 
the  bulbus  duodeni  and  the  angulus  ventriculi; 

(3)  in  the  upper  loop  of  the  jejunum  below 
the  duodenojejunal  flexure.  The  shadow  of  a 
diverticulum  of  this  type  is  seen  in  the  region 
of  the  upper  half  of  the  stomach,  lateral  to  the 
lesser  curvature.  The  correct  localization  of 
such  diverticula  is  of  clinical  as  well  as  scientific 
interest.  While  the  surgical  removal  of  a 
diverticulum  on  the  pars  media  is  perfectly 
possible,  a  diverticulum  located  on  the  upper 
part  of  the  jejunum,  i.e.,  near  the  flexure,  would 
be  extremely  difficult.  With  the  low  duodenal 
diverticula,  just  above  the  flexure,  lying  retro- 
peritoneally,  operation  is  contraindicated  ac- 
cording to  present  knowledge. 

VoGT,  E.  Combination  of  operative  and 
roentgen  therapj'  for  genital  tuberculosis. 
Deutsche  med.  W'chnscbr.,  1921,  No.  11. 
The  purely  conservative  treatment  of  genital 
tuberculosis  in  the  female  is  suitable  only  in 
very  mild  cases,  or  in  cases  in  which  neither 
operation  nor  roentgen-ray  treatment  can  be 
employed  for  some  reason.  The  great  advantage 
of  operative  treatment  is  that  only  in  this  way 
can  definite  knowledge  be  obtained  in  regard  to 
the  severity  and  extent  of  the  disease.  However, 
operative  treatment  has  certain  disadvantages. 
In  order  to  prevent  recurrences,  operation 
should  be  followed  by  prophylactic  roentgen- 
ray  treatment.  If  operation  is  impossible  for 
any  reason,  the  roentgen-ray  treatment  alone 
may  be  used  with  good  results,  and  without 
danger. 
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SiEGEL,  p.  W.  Life  expectancy  of  the  uterine 
cancer  patient.  Strahlentherapie,  xii,  97. 
Following  up  Konig's  studies,  the  author 
presents  the  results  in  uterine  carcinoma  at 
the  Giessen  Gynecological  Clinic  for  1905 
to  1915.  On  the  whole,  his  results  correspond 
fairly  well  with  Konig's.  While  Konig  found 
the  average  duration  of  life  in  inoperable 
cases  of  cervix  carcinoma  to  be  one  and  three- 
fourths  years,  and  in  the  operated  cases  one 
and  one-half  years,  Siegel  found  the  average 
duration  of  life  in  inoperable  cases  of  this  type 
to  be  two  and  one-fourth  years,  and  in  the 
operated  cases  two  and  three-fourths  years. 
Operation,  therefore,  in  his  cases  prolonged 
life  half  a  year  on  the  average.  Five  years 
after  the  beginning  of  treatment,  24  per  cent 
of  the  patients  operated  for  cervix  cancer  and 
13  per  cent  of  those  with  inoperable  carcinoma 
were  living.  The  results  in  operated  cases  were 
somewhat  better  in  cancer  of  the  corpus  uteri. 
The  author  believes  that  roentgen-ray  treat- 
ment of  operable  uterine  carcinoma  in  large, 
properly  equipped,  special  institutions  is  well 
justified.  He  advises  fewer  radical  operations 
in  order  to  reduce  the  primary  mortality,  and 
the  substitution  of  less  extensive  operative 
procedures  for  removal  of  the  growth,  followed 
by  intensive  roentgen-ray  treatment. 

Smidt,'  Hans.  Roentgenologic  study  of  the 
condition  of  the  stomach  during  gall-stone 
colic.  Arch.  f.  klin.  Chir.,  1921,  xcvii,  425. 
Eight  cases  of  gall-stone  were  studied  roent- 
genologically  in  regard  to  gastric  function 
during  an  attack.  During  an  acute  attack  there 
is  a  definitely  increased  tonus  of  the  entire 
gastric  wall.  This  hypertonia  is  accompanied  by 
the  development  of  a  spastic  condition.  The 
excessive  irritation  connected  with  an  attack 
of  gall-bladder  disease  is  communicated  reflexly 
to  the  gastrointestinal  tract,  and  produces  the 
irritative  condition  described.  As  the  attack 
ceases,  the  stomach  shows  evidence  of  exhaus- 
tion. The  gastric  symptom  complex  observed 
during  and  after  acute  attacks  of  biliary  colic 
is  to  be  considered  as  a  reflex  neurosis. 

Dehn.     a   hypophyseal    tumor:   case   report. 

Fortschr.    a.    d.    Geb.    d.    Roentgenstrahlen, 

xxix.  No.  5. 

Patient,  a  male,  thirty-five  years  (descended 
from  healthy  parents)  presented  the  appear- 
ance of  a  small  child.  The  x-ray  examination 
showed  the  following  findings:  All  the  epi- 
physeal lines  were  preserved,  the  bones  of 
the  head  resembling  those  of  a  child  of  ten 
years;  but  the  phalanges  and  metacarpals  were 
remarkably  thick  and  short.  Both  hip-joints 
presented  an  advanced  coxa  vara;  the  femoral 
neck  formed  an  acute  angle  with  the  shaft, 


the  trochanter  major  was  in  contact  with  the 
anterior  superior  iliac  spine.  The  epiphyseal 
lines  were  preserved  also  in  this  locality; 
the  knee-joint  was  likewise  distinctly  deformed; 
the  bones  (femur,  tibia  and  fibula)  showed  an 
unusual  loose-meshed  bone  structure;  likewise 
the  bones  of  the  foot.  The  skull,  aside  from  the 
well-marked  sutures,  presented  a  distinct 
diminution  in  the  size  of  the  sella  turcica,  the 
dorsum  of  the  sella  being  thickened  in  such  a 
way  as  to  produce  the  impression  of  a  solid 
square  bone  instead  of  a  bone  plate.  The  pos- 
terior and  anterior  clinoid  processes  were 
approximated  to  each  other  in  such  a  way  as  to 
be  nearly  in  contact.  The  bones  of  the  facial 
skull  were  relatively  undeveloped  as  compared 
to  the  brain  capsule.  The  behavior  of  the  sella 
turcica,  as  well  as  the  entire  condition  of  the 
patient,  were  in  striking  contrast  with  acrome- 
galy. This  is  in  entire  conformity  with  the  rule: 
atrophy  of  the  hypophysis  in  infantilism; 
hypertrophy  of  the  hypophysis  in  acromegaly. 
The  patient  subsequently  died  of  pneumonia. 
At  the  autopsy,  the  hypophysis  was  found 
to  be  of  normal  size,  but  in  a  state  of  cystic 
degeneration,  with  gelatinous  contents.  The 
dorsum  sellae  was  found  to  be  cartilaginous 
without  traces  of  ossification,  so  that  it  could 
be  cut  with  scissors. 

Lesi.     Echinococcus  cyst  of  the  tibia.  Arch, 
ilal.  di  chir.,  Oct.,  192 1. 

Echinococcus  cysts  in  bones  are  very  rare, 
and  according  to  Lejars  (1907)  about  82  cases 
had  been  reported  up  to  1907.  The  echinococ- 
cus parasite  acts  in  the  bone  through  pressure 
and  through  ischemia,  resulting  in  evacuation 
and  necrosis.  The  echinococcus  embryo  passes 
from  the  intestine  through  the  portal  vein  and 
the  venous  circulation  into  the  right  heart,  and 
from  here  through  the  lungs  into  the  left  heart, 
whence  it  is  carried  to  the  peripheral  arteries 
of  the  bones.  Traumatism  of  the  bones  may 
favor  the  lodging  of  the  parasite  or  may  stimu- 
late a  quiescent  echinococcus  cyst  in  the  bone 
to  an  increased  size  and  extent.  The  symptoms 
consist  of  mild  bone  pains,  swelling  of  the 
bones  and  spontaneous  fractures.  As  a  rule, 
multilocular  cysts  are  present.  From  the  view- 
point of  the  diff^erential  diagnosis,  bone  sar- 
coma and  bone  tuberculosis  enter  into  con- 
sideration. The  author  reports  an  illustrative 
case  which  came  under  his  observation.  The 
patient,  a  girl  of  twenty-five  years,  suffered 
a  contusion  of  the  left  knee  by  a  fall;  walking 
was  not  impaired  later  on,  but  there  was 
persistent  slight  painfulness,  followed  some 
months  later  by  swelling  in  the  region  of  the 
knee.  A  fluctuating  locality  was  incised,  with 
evacuation  of  a  yellowish  fluid.  No  improve- 


1020 


Translations  and  Abstracts 


ment  followed  and  the  patient  was  admitted  to 
the  hospital,  where  a  large  cavity  in  the  upper 
tibial  epiphysis  was  demonstrated  by  roent- 
genogram. Surgical  intervention  with  removal 
of  numerous  echinococcus  cysts  was  followed 
by  a  very  protracted  recovery,  with  inter- 
mittent fever. 

Galewsky,  E.  Roentgen  dermatitis  vs.  sal- 
varsan  dermatitis.  Dermat.  Wchnschr.,  192 1, 
No.  31. 

The  author  reports  a  case  in  which  a  cir- 
cumscribed dermatitis  developed  after  a 
roentgen-ray  examination  in  the  exact  area 
affected  by  the  rays,  and  following  this  a 
salvarsan  dermatitis  appeared.  | 

Stark.  Progress  in  deep  roentgen  therapy. 
Strahlenlherapie,  xii,  1024. 

Report  of  cases  treated  during  the  last 
year.  A  very  large  material  from  all  domains 
was  irradiated  (surgical  tuberculosis,  goiters, 
skin  diseases,  tumors,  gynecological  cases). 
In  a  general  way,  good  results  were  obtained 
in  tuberculosis  of  variable  localization.  The 
demand  which  has  been  made  to  administer 
100  per  cent  of  the  skin  unit  dose  to  a  tuber- 
culous joint  must  not  be  left  unchallenged. 
After  such  large  doses,  extremely  grave 
remote  lesions  may  appear  in  the  extremities 
(chronic  indurated  cutaneous  edema,  scar 
formation,  contractures,  circulatory  distur- 
bances, ulcers).  It  is  true  that  these  remote 
lesions  are  not  observed  in  the  first  year,  but 
eventually  only,  at  the  end  of  one  year  after 
the  last  irradiation.  The  writer  of  the  abstract 
in  the  Zentralblatt  jilr  Cbirurgie  (1922,  No.  32, 
p.  1205)  urgently  cautions  against  such  high 
doses,  on  the  basis  of  several  years'  experience. 
The  author  believes,  however,  that  remote 
x-ray  lesions  which  appear  later  than  about 
six  months  after  the  radiation  have  no  real 
existence  as  direct  sequelae  of  the  radiation; 
but  he  admits  that  there  exists  a  grave  altera- 
tion of  the  tissues,  produced  through  the  rays, 
which  renders  the  tissues  hypersensitive  to 
mechanical,  bacterial  and  other  stimuli.  The 
tissues  must  be  protected  against  all  injuries. 
Tiie  author  assumes  that  the  danger  is  probably 
past  at  the  end  of  a  year  or  two,  but  his  experi- 
ence is  too  short  for  the  decision  of  this  question. 
In  the  opinion  of  the  abstract  writer,  the  report 
of  such  brief  observations  is  of  no  particular 
value  for  surgical  x-ray  therapy.  In  malignant 
tumors,  the  permanent  results  are  of  essential 
interest,  and  in  bone  and  joint  tuberculosis, 
with  its  protracted  process,  an  observation  of 
cases  treated  last  year  hardly  permits  a  verdict 
as  to  the  value  of  the  method  of  treatment. 


Herrnheiser.  Pseudo-diverticulum  of  the 
duodenum.  Fortschr.  a.  d.  Gth.  d.  Rontgen- 
strablen,  xxviii.  No.  4. 

Description  of  a  case.  The  patient  was  a 
glassblower,  forty-eight  years  of  age,  who, 
for  thirteen  weeks,  had  suffered  from  severe 
gastric  disturbances.  A  resistance,  painful  on 
pressure,  was  found  two  fingers'  width  below 
the  costal  arch.  The  roentgenogram  showed  at 
the  boundary  of  the  upper  and  lower  third  of 
the  descending  duodenal  segment,  a  mesially 
situated,  rounded,  sharply  outlined  diverticular 
evagination,  about  the  size  of  a  hazelnut,  and 
extremely  tender  on  pressure.  The  autopsy 
showed  a  secondary  carcinoma  of  the  entire 
pancreas,  in  the  corpus  and  cauda  (tail)  in  the 
form  of  still  indistinct  nodules,  in  the  caput 
(head)  in  the  form  of  diffuse  infiltration, 
extending  to  the  descending  portion  of  the 
duodenum,  with  a  duodenal  diverticulum,  the 
size  of  a  walnut.  Secondary  carcinoma  of  both 
suprarenals,  with  almost  complete  destruction 
of  these  organs.  Histological  examination  of  the 
diverticular  evagination  of  the  duodenum 
showed  the  condition  to  be  due  to  invasion  of 
the  tumor  into  the  duodenal  wall,  evidently 
with  grafting  of  a  peptic  ulcer  on  the  tumor. 
According  to  the  histological  findings,  the 
tumor  corresponded  to  bronchial  carcinoma 
and  represented  a  small  cellular  infiltrating 
carcinoma. 

Summary:  (i)  A  pancreatic  carcinoma,  with 
involvement  of  the  duodenum,  without  produc- 
tion of  stenosis,  may  form  a  smooth-walled 
disintegration  cavity,  as  the  result  of  peptic 
ulceration,  so  as  to  simulate  closely  the  picture 
of  a  diverticulum  in  the  roentgenogram. 
(2)  As  compared  to  a  carcinomatous  pseudo- 
diverticulum  of  this  kind,  the  demonstration  of 
extensive  mobility,  and  especially  a  positive 
Freud  symptom,  would  be  decisive  in  the 
differential  diagnosis.  (3)  In  case  of  a  negative 
outcome  of  the  symptoms  mentioned  under 
(2),  all  clinical  methods  should  be  utilized  for 
a  decision  in  suspected  cases,  with  special 
differentiation  of  the  organs  which  enter  into 
consideration  as  the  starting  point  for  pan- 
creatic metastases. 

KuRTZAHN,  H.  Roentgen  dosage  and  roentgen 
burns.  Deutsche,  med.  ]\  cbnscbr.,  1921, 
No.  44,  p.  1326. 

Upon  the  basis  of  personal  experience,  the 
author  objects  to  the  statements  made  by 
Liek  (Deutscbe  med.  Wcbnscbr.,  1921,  No.  34, 
p.  999)  and  confronts  these  statements  with  the 
observations  made  in  the  Konigsberg  Surgical 
University  Clinic,  as  \\cll  as  with  the  principles 
of  .V- ray  irradiation  based  on  other  findings. 
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In  Press  ^  Keady  in  December 

RADIUM    REPORT 

of  the  MEMORIAL  HOSPITAL 

(SECOND  SERIES,  1925) 

Contributors:  Harold  Bailey,  m.d.,  Halsey  J.  Bagg,  m.d.,  Benjamin  S.  Barringer,  m.d., 

Archie  L.  Dean,  m.d.,  James  Ewing,  m.d.,  William  P.  Healey,  m.d.,  H.  H.  Janeway,  m.d.. 

Burton  J.  Lee,  m.d.,  Douglas  Quick,  m.b.  (Tor.i,  William  L.  Stone,  m.d. 

The  work  of  the  Memorial  Hospital,  New  York,  is  generally  accepted  as  the  last 
word  on  Radium.  Ever  since  the  publication  of  the  first  report  in  1917  there  has  been  a 
growing  demand  for  a  new  volume.  Many  changes  in  technical  methods  have  been  found 
necessary  in  the  development  of  the  work  while  the  treatment  of  various  forms  of  car- 
cinoma  was  in  the  experimental  stage.  It  is  now  the  belief  of  the  staff  that  for  the  forms 
of  carcinoma  discussed  in  this  second  report  no  radical  changes  are  likely  soon  to  occur 
either  in  the  methods  employed  or  in  the  character  of  the  results  obtainable  by  radiation. 
Case  histories  and  controls  are  submitted  and  technique  is  discussed  in  detail. 

To  the  medical  man  who  gives  radium  treatment  this  book  is  indispensable.  To  all 
members  of  the  profession  it  will  prove  invaluable  in  that  it  gives  at  a  glance  "The 
Truth  About  Radium." 

STHOPSIS  OF  COHTEHTS 

Janeway:  The  Present  Status  and  Scope  of  Radium  Therapy  at  the  Memorial  Hospital. 

Janeway:  Technical  Principles  Employed  in  Radium  Therapy  at  the  Memorial  Hospital. 

^uicf(;  Mahgnant  Diseases  of  the  Intra-Oral  Group. 

.^uicJ(^:  Carcinoma  of  the  Rectum. 

SluicX;  New  Growths  of  the  Parotid  Gland. 

^uic^;  New  Growths  of  the  Eyeball  and  Orbit. 

^iucJ(:  Mahgnant  Diseases  of  the  Skin. 

Bailey:  The  Use  of  Radium  in  Cancer  of  the  Female  Generative  Organs. 

Bailey  &'  Healey:  Follow-up  Results  of  908  Cases  of  Uterine  Cancer  Treated  by  Radium. 

Lee:  Technique  and  Results  in  the  Treatment  of  Carcinoma  of  the  Breast  by  Radiation. 

Lee:  Treatment  of  Recurrent  Inoperable  Carcinoma  of  Breast  by  Radium  and  Roentgen  Ray. 

Barringer:  Carcinoma  of  the  Prostate. 

Barringer:  Radium  Treatment  of  Carcinoma  of  the  Bladder. 

Barringer  &  Dean:  Radium  Therapy  of  Teratoid  Tumors  of  the  Testicle. 

Stone:  The  Present  Field  for  the  Use  of  the  X'Rays  and  Radium  in  the  Treatment  of 

Malignant  Neoplasms. 
Barringer  &  Dean :  Epithelioma  of  the  Penis. 
Ewing:  An  Analysis  of  Radiation  Therapy  in  Cancer. 
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EXPERT      SERVICE 

Given  on  all  mai{es  of  X.'Puiy  machines 

SPECIAL    ATTENTION 

Given  to  Coronaless  Deep  Therapy  Installations 

WE    MAKE    NO    CHARGE 

For  making  Blue  Prints  for  modern  Coronaless 
X.'Ray  Laboratories 

Expert  Service  Men 

available  at  all  times  for  the  following  territory: 

PENNSYLVANIA     -     SOUTHERN  NEW  JERSEY 

DELAWARE   -    MARYLAND   '    VIRGINIA 

NORTH  AND  SOUTH  CAROLINA 


M,  H,  Bresette  X-Ray  Co, 


1821   MARKET  STREET 
PHILADELPHLA,  PA. 


3112  PIONEER  AVENUE 
PITTSBURGH,  PA. 


Distributors  for 

Acme'International  X-Ray  Co, 

chicago,  illinois 
Coronaless  X-Ray  Apparatus 
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Br.  ?l^.  EftrelbelbCtJtDarliS 

> 
South    Bethlehem.    Pa. 


INTENSIFYING    SCREEN   PERFECTION 
SPEED  '  DETAIL  -  UNIFORMITY 


These  three  great  essentials  are  pecuHar  to  the  T-E 
Intensifying  Screen.  The  primary  essential  of  a  screen 
IS  speed — decreased  time  of  exposure.  Just  as  important 
a  consideration  is  that  perfection  of  detail  which  leaves 
no  doubt  in  diagnosis.  T-E  uniformity  makes  annoying 
changes  in  technique  unnecessary,  and  insures  constant' 
ly  perfect  results.  Many  years  of  manufacturing  ex- 
perience stand  back  of  the  quality  of  T-E  screens. 

The  T'E  Cassette  is  the  lightest  on  the  market — the 
14  X  17  weighs  less  than  six  pounds  and  is  easily  man- 
ipulated with  one  hand.  T-E  cassettes  are  guaranteed 
to  produce  absolute  contact  when  the  screens  are 
properly  mounted. 

T'E  Screens  mounted  in  T-E  Cassettes  will  eliminate 
all  screen  troubles — a  safe  investment  that  yields  a  big 
return  in  perfect  service  to  you. 


T'E  X-RAY  LABORATORY  -  511  senega  st.  -  BETHLEHEM,  PA. 
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APPL€R 


PROTECTIOK—EFFICIEKCr  and  DURABILirT 
HAVE  ALL  BEEK  PROVED  BY  THE  TEST  OF  TIME— 

Wappler  Deep  Therapy  Equipment 

IS  UH^ESTlOTiABLT  E?iDORSED 
BY   MANT   PROMINENT  USERS  {Xames  on  Request) 


The  Wappler  Deep  Ther- 
apy equipment  is  complete! 
An  apparatus  is  offered 
which  not  only  produces 
a  most  efficient  X-Ray  for 
massive  dose  treatment — 
but  also  provides  a  proper 
and  sate  means  for  mount- 
ing the  X-Ray  tube  during 
this  treatment.  *  Wappler 
Deep  Therapy  X-Ray  Trans- 
formers have  a  record  of  two 
years'  solid  use  behind  them 
— and  the  users  unquestion- 
ably endorse  the  apparatus- 
TJThe  price  is  remarkably 
reasonable.  T^  Write  now 
for  Catalog  Bulletin  #99-2, 
describing  the  complete 
Wappler  Deep  Therapy 
X'Ray  Equipment. 

WAPPLER  ELECTRIC 
COMPANY,  Inc. 

LONG  ISLAND  CITY 
N.  Y.,  U.  S.  A. 


The  IVappler  Deep  Therapy  Tube  Holder  and  Table  illus- 
trated above  provides  a  safe  means  for  mounting  the  Deep 
Therapy  tube  dunn^  treatments. 
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'     '     "Best  b)/  Test — Regardless  of  Price"     '     ' 
To  All  Radiologists: 

THE  SUPERIORITY  OF  FRENCH  INTENSIFYING  SCREENS 

is  fast  being  recognized  throughout  the  country,  borne  out  by  the  steadily 
increasing  sales  since  their  introduction  here.  Your  X-Ray  dealer,  if  fair 
and  considering  only  your  welfare,  will  concede  this  Screen  the  best  and 
most  economical  buy  for  you,  despite  cheaper  Screens,  new  experiments, 
and  others  "just  as  good."  If  he  is  not  familiar  with  the  French  Screen,  or 
questions  it  in  any  way,  we  stand  ready  to  convince  you  by  your  own 
actual  tests.  Your  money  is  being  spent,  and  the  selection  of  the  best  and 
most  economical  Screen  for  your  work  is  important  enough  to  warrant 
personal  attention. 

SPEED  is  the  primary  mission  of  Screens,  and  the  Screen  accomplishing 
this  mission  best,is  the  best.  The  French  Screen  is  25%  faster  than  any  other 
Screen  on  the  market  today,  and  in  addition  gives  you  a  range  ot  detail  not 
possessed  by  other  Screens,  "which  is  invaluable  to  accurate  diagnosing.  You 
also  procure  a  film  you  are  proud  to  show  your  fellow  practitioners. 

The  Screen  is  furnished  with  our  special,  washable  protective  covering, 
which  we  replace  once  a  year  for  $1.00.  While  Foreign  Exchange  remains 
at  its  present  low  rate,  we  give  you  the  benefit  of  our  saving  in  cost,  and 
until  ftarther  notice  quote  the  following  prices: 


SIZE 

EACH 

PAIR 

SIZE 

EACH 

PAIR 

5  X7 

$    6.00 

$12.00 

10  X  12 

$1600 

$32.00 

6^  xS^/2 

8.00 

16.00 

II  X  14 

22.50 

45.00 

8x  10 

10.00 

20.00 

14  X  17 

30.00 

60.00 

Sold  with  a  Three-Year  Guarantee  and  a  Yearly  Screen  Service  for 
the  same  time,  at  a  cost  of  $1.00  per  Screen  per  Year.  What  Does  This 
Mean  to  You,  and  Can  You  Buy  any  Opher  Screen  With  This  Guar- 
antee and  Service?  Used  by  leading  Roentgenologists  throughout  the 
country,  you  will  find  this  Screen  far  ahead  of  any  Screen  you  have 
heretofore  used. 

FRENCH  FLUOROSCOPIC  SCREENS  ARE  ALSO  THE  BEST, 

giving  a  clear,  brilliant  image  with  a  minimum  of  X-Ray  power.  Offered 
at  a  big  saving  to  you.  In  all  sizes — prices  upon  request. 

Let  us  send  you  sam()les  of  French  Screens  and  estimate  upon 
your  Screen  and  Cassette  requirements 

THE  FRENCH  SCREEN  COMPANY 

Sole  U.  S.  Distributors  of  French  Screens 

406  McKerchey  Bldg.     '     2631  Woodward  Ave.     -     Detroit,  Mich. 
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R 


Rit2,'Carlton— 
ATLANTIC  CITY 

Pure  air — pure  food — pure  enjoyment.  These  three  great  es' 
sentials  of  life  form  the  never  changing  doctrine  of  this  famous 
all'year  resort.  With  its  mild,  equable  climate,  due  to  its  close 
proximity  to  the  Gulf  Stream,  bright  blue  skies,  golden  sunshine, 
bracing  sea  air,  exhilarating  osone,  congenial  society  and  expan' 
sive  marine  panorama — the  Ritz-Carlton  offers  its  guests  all 
the  joys  of  an  ocean  voyage. 

Traverse  the  Boardwalk  in  an  open  or  closed  rolling  chair 
with  the  care'free  promenaders;  recline  in  the  Hotel  solarium 
deck  chairs  or  loaf  about  in  the  sun  parlors  or  open  pavilions. 

Five  hundred  spacious  rooms  with  individual  salt  and  fresh 
water  baths.  Grill,  Superior  Music,  Dancing,  Theatres,  Horse- 
back Riding.  Golf  the  year  round. 

Single  rooms  from  $5.00  up  Double  rooms  from  $8.00  up 

Restaurant  a  la  carte  or  three  table  d'hote  meals  $6.00  per  day 

Bathing  facilities  directly  from  rooms 


New  Hydriatnc  and 
Electro  -  Therapeutic 
Department. 


^■'^IsHiD.- 


m\. 


The  Ritz-Carlton  Hotel  '  Gustave  Tott,  Manager 
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X'OGRAPH 
ULTRA'RAPID  DURABLE 
INTENSIFYING    SCREENS 

Just  what  the  name  impHes — a  combination 
of  speed  and  durability  which  you  cannot 
find  elsewhere  in  the  world. 

BUILT    FOR   QUALITY- 
SOLD  FOR  QUANTITY 

Price  per  set  of  two  screens — 

8  X  lo  IOXI2  11x14  14x17 

$15.00  22.50  29.00  45 -oo 


BUCK  X'OGRAPH 
COMPANY 

ST.    LOUIS,    MO. 
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DO  NOT  BE  MISLED  BY 

Spectacular  Machines,  Claims  and  Prices 

Kelley'Koett  still  build  and  leads  them  all  with  ser- 
viceable, continuous  duty  X-Ray  Transformers,  where 
X'Ray  output  counts,  not  Psychological  Effect.  Write 
for  bulletin  #  i — 200  kv.  30  m.a.  machines. 

K.  6?  B.  Electrical  Equipment  Co.,  Inc. 

127  EAST  23RD  STREET,  NEW  YORK,  N.  Y. 
Boston      -      Buffalo      '      New  Haven       '       Troy       -       Newark 
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This  Newly  Written  72-Page  Brochure 

Sent  free  to  any  registered  Physician  or  Surgeon 

Contained  in  the  booklet  reproduced  above  is  a  fully  illustrated 
history  of  the  X-Ray,  starting  with  the  discovery  by  Roentgen 
and  leading  up  to  the  most  recent  developments  as  brought 
to  their  present  day  perfection  by  The  Kelley-Koett  Mfg.  Co. 

The  edition  is  limited — so  write  today  on  your  own  letterhead 
for  a  copy.     It  will  entail  no  obligation  on  your  part. 


The  Kelley-Koett  Manufacturing  Company 

Covington,  Kentucky 
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On  the  Beach  and 
the  Boardwalk 

American  Plan  Only 

Write  for  dlustrated 
folder  and  rates 


-3fe 


(halfonte-Haddon  Hall 

ATLANTIC  CITY 

Hospitable,  homelike,  always  open,  always  welcoming, 
Chalfonte-Haddon  Hall,  winter  or  summer,  are  the 
natural  choice  of  cultivated,  interesting  people  seek- 
ing real  benefits  from  days  of  rest. 

The  sea  air  is  gratefully  mild  and  invigorating  in  winter — 
unbelievably  mild,  tempered  by  the  breath  of  the  Gulf  Stream 
Summer  is  just  one  of  four  enjoyable  seasons  here.  Faces 
glow,  eyes  sparkle  the  whole  year  round.  When  surf  bathmg 
stops,  ridmg  begins,  and  horses  canter  on  the  beach.  A  live 
throng  moves  briskly  up  and  down  the  Boardwalk.  Golf 
is  played  under  ideal  conditions.  While  on  the  broad  deck 
porches  of  Chalfonte-Haddon  Hall,  healthy  fatigue  suns 
itself  and  looks  out  to  sea. 
\^~^  Pleasant  companionship,  perfect  comfort;  relished  meals 
/^  Al^  deep  sleep.  The  life  gives  new  energy  to  tired  bodies, 
^'  <>     .•  (  new  wit  to  jaded  minds — and  a  lasting 

■Sa-_,_     fondness  for  Chalfonte-Haddon   Hall. 

LEEDS  and  LIPPINCOTT 
COMPANY 
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The  SwEETBRiAR  ScREEN  Several  years  ago  set  a  stand- 
ard of  grainlessness  and  still  leads  in  this  quality. 

The  speed  factor  has  been  increased  until  Sweetbriar 
is  one  of  the  fastest  screens  on  the  market. 

The  waterproof  face,  impervious  to  dirt  and  spots  of 
developer,  was  added  to  satisfy  the  demands  of 
careful  Roentgenologists. 

And  a  waterproof  hac\wsis  put  on,  so  that  Sweetbriar 
Screens  can  be  washed  with  no  danger  of  injury. 

The  flexibility  that  makes  for  contact  is  still  retained. 

Insist  on  your  dealer  supplying  you  with  Sweetbriar 
Screens. 


SWEETBRIAR  LABORATORIES,  Inc. 

1220-1228  HODGKISS  StREET,  N.  S.  PITTSBURGH,  Pa- 
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HOEBER'S  '  NEW  '  BOOKS 


TILNEY  c?  RILEY: 

The  Form  and  Functions  of  the 

Central  Nervous  System.  An 

Introduction  to  the  Study  of  T^er' 

vous  Diseases.  '  Second  Edition. 

Large   Octavo,  Extra  cloth,   1045   pages, 

76}  illus.  :  :  net  $12.00 

"Marks  a  distinct  epoch  not  only  in  the  teaching 

of  nervous  anatomy  and  physiology  but  also  in  the 

evolution  of  medical  training  in  general." 

Arch.  Neurol,  and  Psychiat. 

STEWART: 
Diathermy  and  Its  Application 
TO  Pneumonia. 

Duodecimo,  Cloth,   226  pages,  45    illus., 
and  15  charts  :         net  $3.00 

"An  unusually  clear,  but  at  the  same  time  con- 
densed, description  of  the  physics,  physiological 
effects  and  therapeutic  indications  of  both  med- 
ical and  surgical  diathermy." 

MONTAGUE: 
Pruritus  of  the  Perineum,  with 
Particular  Reference  to  Pruritus 
Ani  and  Anal  Pruritus  and  Con' 
tributions  on  Pruritus  Vuluae 
and  Scroti. 

Octavo,  Cloth,  200  pp.,  37  illus.  :  net  $3.50 

"A  veritable  encyclopedia  on  matters  pertaining  to 
pruritus  vulvae,  scroti  and  ani." 

FABER: 

Nosography  in  Modern  Inter- 

NAL  Medicine. 

With  .in  Introduction  by  Rufus  Cole, 

M.D.,  Rockefeller  Institute. 
Octavo,   Cloth,  235   pages,  21   full  page 
illustrations  ;         net  $3.75 

"A  concise  history  of  the  development  of  medicine, 
showing  clearly  the  influence  of  the  various  masters 
and  schools  on  modem  investigation  and  thought." 

Our  complete  catalogue  and  descriptive 


KERLEY  &'  LeWALD: 
Digestive  Disturbances  in    In- 
fants AND  Children,  Roeyitgeno' 
logically  Considered. 

4to,  Cloth,  104  pp.,  117  roentgen-ray  studies 

on  54  plates  and  49  text  illus.     :    net  $  1 2.00 

"The  roentgenologist  will  find  much  of  interest  in 

this  book  and  the  pediatrician  should  find  it  of 

distinct  value  in  adding  to  his  understanding  of 

that  most  useful  adjunct  in  diagnosis — the  x-ray." 

Boston  M.  and  S.  J. 

WEBB  6P  RYDER: 
Recovery   Record,   for   Use  in 
Tuberculosis. 

Duodecimo  (pocket  size)  semi -flexible 
cloth,  195  pages,  108  charts  [Two  years 
record]       :  :  :  :  net  $2.00 

"A  pervading  spirit  of  cheerful  optimism  along 
with  common  sense  admonition  which  is  delightful 
and  refreshing."  Boston  M.  and  S.  J. 

STONE: 
Blood  Chemistry  Colorimetric 
Methods.  For  the  General  PraC' 
titioner,  with  Clinical  Comments 
and  Dietary  Suggestions. 

8vo,  Leatherette,  84  pp.,  6  illus.  :  net  $2.25 

"This  book  contains  suggestions  for  blood  chemis- 
try work,  analysis  of  uric  acid  and  gives  important 
dietary  rules  with  a  chapter  on  diabetes  including 
its  treatment  with  insulin." 

NOGUCHI: 
Laboratory  Diagnosis  of  Syphi- 
lis. A  Manual  for  Students  and 
Practitioners. 

Octavo,  Cloth,  40i  pp.,  59  illus.  :  net  $7.50 

"This  manual  will  be  found  valuable  by  all  inter- 
ested in  the  diagnosis  of  syphilis,  and  what  medi- 
cal man  is  not!" 

circulars  will  be  sent  upon  request 


PAUL  B.   HOEBER,  Inc.,  Publishers 

Publishers  of  The  American  Journal  of  Roentgenology  &  Radium  Therapy 
and  Annals  of  Medical  History 

67-69  East  59TH  Street  New  York,  N.  Y. 
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Free  From  Lag  and  Grain 


NOT  the  least  important  charac- 
teristic of  Patterson  Fluoroscopic 
Screens  is  their  grainlessness.  As  a 
result,  the  finest  details  may  be 
studied.  The  operator  is  sure  that 
he  sees  what  is  in  the  organism 
under  examination  and  not  a  defect 
in  the  screen. 

For    sale    b)i 


Complete  absence  of  afterglow  is 
another  feature  of  the  Patterson 
Fluoroscopic  Screen.  This  freedom 
from  lag  makes  it  possible  to  see  the 
outlines  of  moving  parts  with  a  clar- 
ity  impossible  with  ordinary  screens. 
A  descriptive  circular  will  be  sent 
on  request. 

your    dealer 


THE  PATTERSON  SCREEN  CO. 

Dept.  A.  J.  R.  Towanda,  Pa. 


u  aA 

Reg.  U.  S.  Pat.  Office 


•^ 
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Special  List  of  Publications 

JAMES  T.  CASE,  M.D.,  Battle  Creek,  Mich. 

The  X-Ray  Examination  of  the  Alimentary  Tract. 

Four  Sections.  (New  Edition) $48.00 

KENNON  DUNHAM,  M.D.,  Cincinnati,  Ohio. 

The  X-Ray  Examination  of  the  Chest  for  Pulmonary  Tuberculosis. 

Two  Sections $20.00 

EMIL  G.  BECK,  M.D.,  Chicago,  111. 

Localization  of  Foreign  Bodies  by  means  of  Stereoscopic  Roentgenograms. 

Two  Sections $27.50 

NEW  YORK  ROENTGEN  RAY  SOCIETY. 
American  Atlas  of  Stereoroentgenology. 

Ten  Sections  («!  $3.50 $35.00 

ARTHUR  STEIN,  MD.,  &•  WM.  H.  STEWART,  M.D.,  New  York  City. 
Pneumo-Peritoneal  Roentgen  Ray  Diagnosis. 

One  Volume _ , _ _ $30.00 

HARRY  WESSLER,  M.D.,  fe?  LEOPOLD  JACHES,  M.D.,  New  York  City. 
Clinical  Roentgenology  of  Diseases  of  the  Chest. 

One  Volume.  In  Press $14.00 

FRED  H.  ALBEE,  M.D.,  New  York  City. 

1.  Fractured  Hip  Joint. 

(One  Volume.  Ten  Stereos.)  $  6.00 

2.  Bone  Graft  Peg  for  Ununited  Fractures. 

(Two  Volumes.  Thirtyseven  Stereos.),  Forty-two  pages $19.00 

EDWARD  L.  OATMAN,  M.D.,  New  York  City. 
Diagnostics  of  the  Fundus  Oculi. 

Three  Volumes  and  Cliniscope  $38.50 

E,  R.  STROBEL,  M.D.,  Baltimore,  Md. 
The  Dermatological  Clinic. 

Two  Sections  $25.00 

CHAS.  HUNTER  DUNN,  M.D.,  Boston,  Mass. 
Pediatrics. 

Three  Volumes $27.00 

HENRY  HUN,  M.D.,  Albany,  N.  Y. 

Differential  Diagnosis  of  the  Diseases  of  the  Nervous  System. 

(Third  Edition.  In  Press) $10.00 

OTTO  LERCH,  M.D.,  New  Orleans,  La. 

Rational  Therapy $  8.00 

ELLIS  BONIME,  M.D.,  New  York  City. 

Tuberculin  and  Vaccine  for  Tubercular  Affections $  7.00 

SOUTHWORTH    COMPANY 

PUBLISHERS  TROY,  NEW  YORK 
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/f/f  STANDS   FOR  HIGHEST 
i/i/  QUALITY 


IN 


X^RAY  Films 

AND 

Plates 

SPECIFY  "AGFA"  ON  YOUR 
NEXT    ORDER    TO    YOUR    DEALER 


CARRIED  IN  STOCK  BY  ALL  PROGRESSIVE  X-RAY  SUPPLY 
HOUSES,  OR  DIRECT  FROM 

AGFA  PRODUCTS,  Inc. 

formerly  Sagamore  Chemical  Co. 

114^116  EAST  13TH  ST.  NEW  YORK 

Canadian  Agents:  Canadian  and  Foreign  Agency  Co. 

P.  O.  Box  No.  1076,  Montreal,  Canada 
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Ne^v  York  Post' Graduate 

MEDICAL  SCHOOL  AND  HOSPITAL 

For  Information  Address  DEAN,  304  East  2oth  Street 


"Have  you  any  old  discarded  X^Ray  Plates  and 
X'Ray  Films  that  you  desire  to  dispose  of?  If  so, 
turn  the  same  into  cash,  as  I  purchase  all  sizies 
and  any  quantity,  and  pay  cash  for  same." 

iNTENSiFYrNG  ScREENS,  Single  5x7  mouiited  in  cassette, 

Waite  &'  Barclett       ',,..,,     $4.00  each 

II  X  14  Drawing  Board  with  square  and  two  angle  rules  '     $  .25  each 

Compass  Localization,  Major  Hirtz,  with  level   and  4     , 
compass   rods  and  with  brackets  adjustable  to  any 
machine,  packed  in  leather  case  ,         ,         ,         ,     $5.00  each 

Above  prices  f.  o.  b.  Brooklyn,  N.  Y.  :  :  MaiJ  your  order  at  once 

I  Purchase  Old  X'Ray  Plates  and  Films 

CHARLES  BENDER 

94  Prospect  Park,  S.  W.         Phone  South  2823  Brooklyn,  N.  Y. 


CHRONOLOGIA^MEDICA.^rif;kfS;V''^^^^^^^^ 

By  SIR  D'ARCY  power,  K.B.E.,  M.B.  Oxen,  F.R.C.S.,  Eng.,  Consulting  Surgeon  to  St.  Bartholomew's 
Hospital,  and  C.  J.  S.  THOMPSON,  M.B.E.,  Associate  of  the  Royal  Academy  of  Medicine  (Turm). 

"The  book  in  the  handy  form  in  whicli  it  is  issued  affords  a  ready  means  of  verifying  dates  and  other  facts  con- 
nected with  the  history  of  medicine  and  science  generally.  It  gives  in  chronological  order  a  brief  biography  of  all  those 
who  have  advanced  the  subjects  of  medicine  and  science.  We  find  the  book  accurate  and  trustworthy."  Brit.  M,  J. 

DUODECIMO,  CLOTH,  THREE  HUNDRED  PAGES,  EIGHTY-FOUR  PORTRAITS  :  :  :  J^et  $3.50 

PAUL  B.  HOEBER,  Inc.,  Publishers,  67-69  East  59TH  St.,  New  York  CrrY 

Puhiishcri  of  ANNALS  OF  MEDICAL  HISTORY 
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The  most  attractive  X'Ray 
meal  for  the  patient 


The  Original  Malted  Milk 


A  most  efficient  and  con- 
venient suspension  medium 
for  the  operator 

Avoid  imitations 
Samples  and  literature  prepaid 

HORLICK^S,  Racine,  Wis. 


An  Intensive  Course  for  Doctors 
in  RADIATION  THERAPY 

WILL  BE  GIVEN  AT  THE 

State  Institute  for  the  Study 
OF  Malignant  Disease 

II J  High  St.,  Buffalo,  N.  Y. 

January  14th  to  January  26th,  1924 
daily  from  9  a.m.  to  5  p.m. 

Lectures  in  Pathology  of  Malignancy 

Burton  T.  Simpson,  M.D. 

Diagnosis  and  Treatments  With  Clinics 
Bernard  F.  Schreiner,  M.D. 

Physics  of  Radiation  Therapy 

Wilheim  Stenstrom,  Ph.D. 

Fee  $1^0. — Application  with  qualifications 
should  be  sent  to  the  Director  of  the  In- 
stitute at  an  early  date. 


RADIUM 

"Know  the  Company  from   IVbich  You   Buy** 

Dependability—  Service 

'T'HE  character  of  service  rendered  by  the  Radium  Chemical  Company 

is    typical  of   the   Company's   standing  and   long  leadership   in   the 
industry. 

Our  service  includes,  among  other  things,  a  comprehensive  and  scien- 
tific course  of  instruction  in  the  physics  and  the  therapeutic  use  of 
radium.  And  our  medical  and  technical  experts  are  always  available 
for  conference,  or  for  advice  by  letter. 

RADIUM  CHEHICAL  Co. 


PITTSBURGH.  PA. 


BOSTON 


NEW   YORK 


CHICAGO 


SAN   FRANCISCO 


DALLAS 
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''Should  he  one  of  the  hest  medical  sellers  of  the  century." 

THE 
MECHANICS  OF  THE 
DIGESTIVE  TRACT 

BY 

WALTER  C.  ALVAREZ,  M.D. 

Assistant  Professor  of  Research  Medicine, 
University   of  California  Medical  School 

"You  will  be  using  the  information  in  this 
book  ten  years  from  now  because  it  will  filter 
into  the  practice  of  medicine  gradually  and 
through  many  medical  writers  who  will  di- 
late, ream  by  ream,  upon  simply  the  facts  as 
Alvarez  presents  them.  Why  not  become  one 
of  these  pioneers  in  applying  these  facts  by 
reading  this  book  now?" 

Dr.  E.  H.  Skinner  in  The  Medical  Herald. 

"The  book  contains  a  great  deal  of  original 
material,  is  of  great  interest,  and  can  be  rec- 
ommended." J\leiv  Tor\  Medical  Journal. 

"An  admirable  book.  The  make-up  of  the 
book  evidences  the  author's  care  and  good 
taste.  The  typography  is  excellent.  The  bibli- 
ography is  a  model.  The  references  are  culled 
from  the  diversest  sources,  chemical,  botani- 
cal, and  zoological;  old  and  new;  yet  they  are 
not  diffuse  but  bear  exactly  on  the  end  Al- 
varez has  in  view.  The  book  is  worth  read- 
ing and  studying  " 

The  California  State  Journal  of  Medicine. 

"This  is  a  highly  scientific  book  and  well'^ 
deserving  of  the  most  careful  study." 

The  Chicago  Medical  Recorder. 

8vO.  CLOTH,  XII  +  192  PAGES,  22  ILLUS. 

Price  $3.50  T^et 

Published  by  PAUL  B.  HOEBER 
67-69  East  59TH  St.,  New  York  City 
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@i 


Uniformly 

GOOD 

Results 


WESTON 
Model  24 

MiLLIAMMETER 


THERE  IS  no  secret  or  mystery  as  to 
how  to  obtain  uniformly  good  re 
suits  from  Coolidge  Tubes.  Weston  in' 
struments  assure  them  through  their  con- 
sistent accuracy  and  rehability.  They  are 
not  affected  by  external  electrostatic  in- 
fluences and  give  a  life-time  of  satisfactory 
service.  Have  you  investigated  them  ? 

Write  today  for  full  information 
Weston  Electrical  Instrument  Co. 

160  WESTON  AVE.  NEWARK,  N.  J. 

Branch  Offices  in  All  Principal  Cities 


WESTON 


)  Electrical  Indicating  Instrument  Authorities  Since  1888 


STANDARD -The  World  Over 
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COLLOIDAL    RADIO 
ACTIVE   LEAD 


Intravenous  Injections  of  Radio 
Active  Lead  afford  opportunity  of 
increasing  Effectiveness  of  Radium 
Application  in  certain  obstinate  cases 
of  Carcinoma. 


Colloidal  Sulphur  for  combating 
Septicemia  and  Toxemia  accompany 
ing  malignant  growths. 

General  Radium  Corporation 

Therapeutic  Division 

149  Broadway,  New  York 


THE     ROENTGENOLOGISTS' 
EXCHANGE    COLUMN 


FOR  SALE:  iio  mgm.  radium  with  Radium  Chemical 
Company  guarantee  as  to  purity  and  U.  S.  Bureau  of 
Standards  certificate.  This  radium  now  in  the  forrh  of 
two  25  mgm.  tubes,  four  12^-2  mgm.  needles  and  a 
10  mgm.  plaque.  Form  and  strength  of  applicator 
can  be  changed  to  suit  requirements.  Price  well 
below  the  market.  Address  X-Lab,  Care  American 
Journal  of  Roentgenology  and  Radium  Therapy. 


THE  WAPPLER  ELECTRIC  COMPANY,  INC., 
LONG  ISLAND  CITY,  N.  Y.  has  some  territory  open 
for  exclusive  agencies.  Their  line  is  complete,  including 
X-Ray  for  all  purposes  and  Electro-Therapy.  Only 
men  or  firms  of  responsibility  and  influence  will  be 
considered.  Communications  will  be  accepted  in 
confidence. 


Have  a  few  Coolidge  tubes,  guaranteed,  like  new,  10  ma. 
horizontal.  S60.00.  Also  other  x-ray  apparatus  which 
I  can  dispose  of  cheap.     Dr.  Engel,  62  Hancock  St., 

Brooklyn,  N.  Y. 

WANTED:  Experienced  colleague  to  share  cost  of 
installation  of  a  deep  X-Ray  Therapy  apparatus 
(Veifa  Works,  Frankfurt)  which  is  my  property  and 
completely  paid  for.  Apparatus  is  at  present  in  a 
warehouse  in  New  York  City.  Address  Dr.  Dorian  D. 
Wyser,  c/o  Dr.  Benjamin,  237  Central  Park  West, 
New  York,  N.  Y. 


Do  Tou  Remember 

When  screen  prices  dropped  just  one 

year  ago  ? 
And   National   Screen   prices   rC' 

mained  the  same  ? 
That  was  because  National  Screen 

prices  were  right  to  begin  with. 
For  19  months,  National  Screens 

have  sold  at: 

8  X  10        WASHABLE        $    8.00 

10  X  12  "  11.00 

11  X  14  "  16.00 
14  X  17              "               22.00 

At  Tour  Dealer 
National  X-Ray  Screen  Co. 

INC. 

220  South  State  Street 

CHICAGO 


Lantern  Slides  -  Prints  -  Photographs 
Photomicrographs 

PHOTOGRAPHY 

to  be  of  value  to  the  physician, 
must  be  done  with  a  thorough 
understanding  of  his  require' 
ments.  Long  experience  and  skill 
in  photographic  manipulation 
are  essential,  together  with  spc 
cial  equipment  and  some  knowl' 
edge  of  Roentgenography. 

We  specialize  in  Photographic 
Service  to  the  Medical  Profes- 
sion. May  we  serve  you  ? 

Campbell  6?  Haulenbeek 

Photographic  Serrice  to  the  Medical  Profession 

Phone  Leonia  882  J.      Palisades  Park,  N.  J. 
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RADIUM  EMANATION 

A  service  accurate  and  dependable 

Radium  Emanation  supplied  on  short  notice  in  any 
quantities  or  concentration  desired. 

A  therapeutic  measure  more  flexible  than  radium  salts. 

Our  medical  staff  available  for  consultation  as  to  tech- 
nique, doseage  and  screenage. 

New  instruments  developed  to  meet  the  requirements 
of  the  various  specialties,  viz.,  Urology,  Gynecology,  etc. 

Illustration  shows  our  new  method  of  loading  instru- 
ments with  emanation  "seeds,"  insuring  definite  disposal  of 
"seeds"  for  implantation;  affording  protection  against 
accidental  loss,  as  well  as  making  possible  the  implantation 
of  a  number  of  "seeds"  through  one  portal  of  entry. 

Telephone  and  telegraphic  orders  given  prompt  attention. 
Shipments  over  reasonable  distances  practical. 

LITERATURE  ON  REQUEST 
William  DUANE,  Ph.D.,  D.  Sc,  Harvard  University,  Consulting  Physicist 


THE  RADIUM   EMANATION  CORPORATION 

256  west  57th  street  Telephone  Circle  3649  new  york  CITv 
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The  American  journal  of 
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